
  



  

Background - hardware development
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Introduction - 3D printers
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[1] http://shop.prusa3d.com/en/3d-printers/59-original-prusa-i3-mk2-kit.html
[2] https://formlabs.com/de/3d-printers/form-2/

stereo lithography 
printers (SLA) - 

FDM printer style?
Price point?



  

Introduction - 3D printers
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● around 1k€
● reasonably mature
● parts and filament : many suppliers
● sensors, auto bed leveling
● easy entry, community

● starts at 4k€
● reasonably mature
● pricey resin, 3rd party support
● z increment "peel off" motion
● non-stepped DLP alternatives low-res

fused deposition modeling stereo lithography 
apparatus



  

Introduction - 3D printers

2017/03/09 Helge B. Wurst helgewurst@web.de

Can we do better?



  

Introduction - 3D printers
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Can we do better?

Without that?

but have that



  

Outline
Concept

avoid fancy components
profit from economies of scale

design for manufacture

Feasibility
demonstrate working principle

answer hard questions

Design
prototype concept with minimum number

of detours

Outlook / Evaluation
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Concept
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[3]http://www.f-theta.com/technology/7-f-theta-lenses-for-co2-laser.html

F-Theta fisheye lenses: commonplace for laser scanning applications



  

Concept

+ off-the-shelf
+ AR coated for UV
+ high quality
+ known properties
+ proven geometry
+ low field curvature
+ acceptable distortion
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- price: 0.5-1.5k€
- multiple elements
- also need galvo   
  scanners
- galvo closed loop
  controller calibration
- single, pricey emitter

F-Theta lens



  

Concept

Alternatives:
use direct laser beam: 
field curvature: poor focus and/or servo optics
still have galvo scanners, large beam angles

use DLP projector:
expensive imaging lens w/ many elements
or poor light yield, resolution

come up with something different?
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Concept

Something 
along the lines 
of flatbed 
scanners?
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[4]https://chriseatsacrisp.wordpress.com/2011/10/



  

Concept

Do:
small scan angle
low number of surfaces and elements
cheap light source
redundancy
modular
compact, low profile geometry
avoid folding / mirrors
closed loop actuators, direct feedback
try auto calibration
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Concept

commercial "look and feel", design elegance

2017/03/09 Helge B. Wurst helgewurst@web.de

[5]http://www.repairfaq.org/sam/Blu-ray/site1/optics.html



  

Concept

combine flatbed and pickup head properties
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● use short focal length, good magnification
● small lateral displacement
● single bi-aspherical molded PMMA lenses
● single wavelength, no CA issues
● use OTS where possible
● single set of actuators
● design light engine first, 
...but have plans for device



  

Concept

Getting a feel for it
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DVD pickup 
modified servo 
with asp lens, 50 Hz



  

Feasibility

Lens?
Laser diode?

How bad is it actually?
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Feasibility

Lens
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[6] https://forum.formlabs.com/t/a-response-to-sam-jacoby/3398/84

uncoated PMMA collimating 
lenses
for next to nothing
beam truncation inevitable



  

Feasibility

Lens - unknown shape
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[7] https://de.aliexpress.com/item/ORG-5-High-quality-Laser-Lens-Laser-Pointer-lens-Size-5X2-3mm-Focal-length-
4/32649747812.html



  

Feasibility

Laser diodes?
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[8] https://de.aliexpress.com - multiple suppliers



  

Feasibility

How bad is it actually?
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finite image distance: 
collimating lens deviates from best form

off-axis ray perfomance?
expect lower order aberrations
introduce vignetting

field curvature and control
can we get away with it?
trade in mechanical degrees of freedom for optical simplicity

tolerances



  

Feasibility

Simulation

2017/03/09 Helge B. Wurst helgewurst@web.de



  

Feasibility

Simulation
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Feasibility

Simulation: Zemax vs. OSLO
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Feasibility

Simulation: Oslo, no 12th order coefficient?
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Feasibility

ad hoc
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spot size 
<0.15mm

astigmatism
field curvature!



  

Feasibility

add z motion ~ 50µm
needs additional actuators
gain great spot size control
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Feasibility

ok better
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Feasibility

PSF and focus
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Feasibility - lens behavior
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Feasibility

Summary:
● <1mm displacement for full scan width (6mm 
image)

● option to increase to <2mm to overlap faulty 
emitters

● spot size < 50 µm achievable 
● no working area scaling issues, just extend in x
● adding z motion fixes curvature, provisions for 
spot size control

● cheap 50mW LD, total Power 1-2W
● cheap optics, custom optimized shape later on
● calibration and dynamic control done in SW
2017/03/09 Helge B. Wurst helgewurst@web.de



  

Design
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typical embodiments

flatbed scanner geometry
drop-in replacement for working printer geometry
maskless photoresist exposer (stencils, PCBs)
cyanotypes for art and photography

photoplotter geometry
inverted arrangement without glass surface

scrolling cylinder geometry
continuous peel, intrinsic resin transport



  

Design
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General idea:
LDs grouped on tiles, factory calibrated
all precision machining: 3-axis CNC, single setup

thru-holes / tapped for mounting
lens array all-molded /

CFK profile



  

Design
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LD tiles:

surface milled on bottom (flat w/ or w/o surf finish)
only critical after LD assembly
LD z calib needed anyway (50-70µm die pos tol)
holes all in-line
lateral position error calibrated and absorbed in 
rasterizer
flex PCB w/ temp sensor, NVM for calibration info 
(power, temp coeff, position), PD+ADC monitoring
economical replacement



  

Design
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main bar: 

provides rigidity, alignment, 
sheet metal clip hold down, contact cooling option



  

Design
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relation to previous simulation



  

Design
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actuators
piezo bimorph / trimorph  ($10-15/pc)
mounted underneath the main profile
mixed coordinates
tilting triangle mount 
(small metal parts: 
shapeways)
integrated HV driver
(Texas instruments)



  

Design - Summary
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Most critical: initial precision achievable

achieve base flatness and positional accuracy by 
harnessing the power of 
production grade 3-axis CNC milling (not fancy)

LD press fit assembly = in-line optical calibration, 
can be automated, can be done manually - turning 
a micrometer and observing the far field spot of 
active LD, same goes for lens array



  

Design - Summary
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lightweight lens array has potential for injection 
molding

closed loop motion control using piezo actuators 
and capacitive distance sensing

direct optical feedback possible (reflection) onto 
cheap camera modules

spot size, scan range per emitter, thermal 
dissiplation benign



  

Outlook
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regular glass tubes might be "good enough"
otherwise: Schott KPG (precision glass tubes with 
ID calibrated on a stainless steel mandrel)
operation possible within CoC tolerance



  

Outlook
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calibration

● via reflected light from cover glass or glass 
tube with cheap smartphone camera modules 
w/o lens

● global calibration by viewing through the build 
plate during the first layers (filter out laser 
spectrum, transmit only fluorescence light (green-
ish) - best results

● PD monitoring factory calibrated: track LD power



  

Outlook
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time for some machining...
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Thank you for your attention!


	Folie 1
	Folie 2
	Folie 3
	Folie 4
	Folie 5
	Folie 6
	Folie 7
	Folie 8
	Folie 9
	Folie 10
	Folie 11
	Folie 12
	Folie 13
	Folie 14
	Folie 15
	Folie 16
	Folie 17
	Folie 18
	Folie 19
	Folie 20
	Folie 21
	Folie 22
	Folie 23
	Folie 24
	Folie 25
	Folie 26
	Folie 27
	Folie 28
	Folie 29
	Folie 30
	Folie 31
	Folie 32
	Folie 33
	Folie 34
	Folie 35
	Folie 36
	Folie 37
	Folie 38
	Folie 39
	Folie 40
	Folie 41
	Folie 42

