Beginner Tutorial 41 Designing a Fresnel Lens with the Parametric Optical
Design Tools

This tutorial will lead you through the process of creating a round prismatic lens, referred to as a Fresnel
lens. The design will have the following parameters:

Use a narrow beam LED source

Acrylic for the lens material

50mm diameter lens

3mm minimum lens thickness

Be designed to make as narrow a beam as possible

After designing the lens as defined above, we will investigate the different functions of the lens tool that
allowustomake quickadj ust ment s to t he Thesedreghe @hangesave wilhmeakedor s .
the lens:

Change the diameter from 50mm to 60mm
Change the location of prisms from only the outside surface to both outside and inside surfaces to
only the inside surface

e Use pull direction and draft angle to make the prisms mold-able

e Add fillets to the prisms

e Change from a stepped profile type to a smooth profile type

Overview of Design Process

This tutorial will use the Revolved lens tool. The light distributions of the lens tools are controlled via the

same aiming angle and weighting factor concept used for reflectors. The general concept behind the lens

toolsis to create a prismatic surface, with the prisms
general shape of the lens. The aiming and weighting factors simply dictate the number of prisms aimed

toward each angle in the distribution. Since there are two surfaces required for a lens, an inside surface

into which the light enters the lens, and an outside surface through which the light exits the lens, the base

profile is used for one of these surfaces and the prisms are mapped to a second surface, offset from the

first.

The process begins by first specifying some general parameters about the optic, including:

1. Whether the lens will be revolved, extruded and mirrored (symmetric), extruded and not mirrored
(asymmetric) or extruded along a path

2. The base profile to which the prisms will be mapped
The lamp location

4. The aiming specifications given by the aiming angle for the start of the base profile, the end of the
base profile, and the aiming angle increment

5. The material index of refraction
6. The number of prisms to be used in the lens
7. Parameters specific to the revolved or extruded surfaces

Given this general information, Photopia will create a 3D lens comprised of multiple aiming sections of
prism steps, each aimed at different angles within the desired beam limits. The number of sections (or the
angular steps between the aiming angle for each section) is defined by the user. Different candela
distributions are created by changing the weighting factor (and thus the number of prisms) of each aiming
section. The process of weight adjustment to create a smooth light pattern is identical to that of a
reflector, which is covered in Beginner Tutorial 3. In this tutorial, we will use only one aiming section (by
aiming all prisms to 0°) and focus on parameters that are specific to lenses.

fi
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Starting the Project

The best way to see how the lens tool works is to go through a real project.
1. Begin by starting Photopia and selecting File > New.

2. If the units are not already in millimeters, then change them to millimeters by selecting Settings >
Project Settings and selecting Millimeters from the Length Units setting.

We will create the 2D profile of the reflector in the world XZ plane (the front view) so that the beam is

directed towardtheiZ axi s i n Photopiads World Coordinate System
system that is referenced to the photometric coordinate system described in Beginner Tutorial 2. 2D

entities such as the lens profiles from the Parametric Optical Design Tools, arcs and circles can be

created in any plane by using a Construction Plane (CPlane). CPlanes define local XY planes similar to

sketch planes in 3D solid modeler s or Aut oCADG6s UCS. They behave the
Rhino CAD software.

3. To create a CPlane in the front view, right click your mouse in the CAD view and select Standard
Views > Front View from the pop-up menu.

When a standard view is chosen, the CPlane automatically changes to the chosen view. The CPlane is
illustrated with a grid and a red line indicating the X-axis and a blue line indicating the Y-axis. The grid
parameters can be changed under the CPlane tab of Settings > Project Settings on the main menu.
More details on Photopiads CADfs ytshtee nysaerred sprCuviiddeed i n

Importing the LED

LED6s with integrated optics are modeled in a more com
added complexity allows Photopia to simulate exactly how light emits from the LED chip, and how that
light interacts with the LED6s integrated optics, such

have extra elements, they must be imported as component files, which include the chip core as a lamp
model along with refractive and reflective layers that make up the optics around the chip. See Type 3
Source Models in AppendixBof t he User 6s Guide for more information.

4. Select File > Import Component from the main menu. Select the W49180.LDF file from the
component folder to choose the Seoul Z-Power 90 deg.

Import object from library file
Loak, in: | I Components j EF EH-
Y SUNCLRSKY40545, cmp W42 160.cmp
£, SUNCLRSKYS03%3, cmp W4T 180, cmp
by Recent SUNCLRSKYSOSKS. cnp =] w9180, cmp
Dt SUNCLRSKVAO323, cmp WIZNSAC, cmp
9 SUNCLRSKVGO525, cmp WZ10150,cmp
SUNCLRSKY703%3.cmp XL4SSOAME, cmp
Deskiop SUNCLRSKYTOSES, crp WL4GE0BLL. crop
SUNCLRSKYS03%3. cmp #L4S50GRM, cmp
_,_./- SUNCLRSKYSOSKS. crp L4550RED. cmp
SUNCLRSKYS03%3, cmp WL FOS0WHT-L1 00, crp
1 DesiEie SUNCLRSKVAOSS, crip K¥R7090MC. crip
- LINO-LE-WW Cips ¥RFOSOWT-UL.crp
e =] wrz4cn.cmp =) srcwHT-L1 . cmp
Wy Computer W32180.cmp
WA4Z180.cmp
‘!] < >
-
My Network  File name: |W49180.cmp j O=n _|
Flaces
Files of type: |Comp0nent Files [*.cmp) j Cancel

5. Press Enter to accept the default lamp insertion point of 0,0.
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6. Zoom out by right clicking your mouse and selecting Zooming > Zoom Out or just click on the
Zoom Out button on the toolbar.

7. Save the project by selecting File > Save As from the main menu, naming the project Fresnel
Lens.

"I Fresnel Lens E]@

Define the Lens

Create the parametric lens with the following steps:
8. Select Design > Lens > Revolved from the main menu.

a. Enter 0,-50 as the start point for the base profile. Remember this coordinate is in the
CPlane. See the coordinate readout in the lower left portion of the screen as you move
your mouse around the CPlane.

b. Enter 25,-50 for the next base profile point to make a 50mm diameter lens.

c. Press Enter again to end the base profile.

" Fresnel Lens E]@1

d. Press Enter to accept the default lamp center of 0,0 since this is where the LED is
located.

e. Press Enter to accept the default number of prism steps of 10. If the prisms end up being
too large or too small, we can later change this value in the property control.
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f. Press Enter to accept the default index of refraction of 1.491, for acrylic. This value can
also be changed in the property control if you want to use a different material.

Enter 0 for the aiming angle of the start of the profile.

h. Enter 0 again for the aiming angle of the end of the profile. This angle range will allow the
smallest possible beam size for our setup.

i. Since the aiming range is from O to O degrees, the aiming angle increment value is not
used. Simply press Enter to accept the default of 5 degrees.

j- Press Enter to accept the minimum thickness of 3mm. This will be the distance between
the base profile and the prism valleys.

k. Enter 180 for the number of revolve segments. This is the number of segments that will
be used around the circumference of the lens. Since this lens is assumed to be smoothly
spun, we are using a relatively high number.

@ Fresnel Lens. ray:1 E]@

After the last item is entered the 3D lens will be created. If you select the reflector by clicking it in the CAD
view you will see the properties you entered illustrated graphically in the CAD view and numerically in the
property control at the right of the screen. You can change any of the values in the property control to
modify the lens, which we will go over next. The lens should look like the one in the following image.

@ Fresnel Lens.ray:1 E]@
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The cyan colored lines in the CAD view illustrate the aiming directions of each prism step.
9. Right click in CAD view, and then choose View Style > Show Surface Orientation.

10. Rotate your view by right clicking in CAD view, and then choosing Dynamic Views > Orbit.

@ Fresnel Lens.ray:1

To view the profile a little more clearly, make the mesh invisible while still allowing the lens to participate in
calculations.

11. Go back to front view by right clicking in CAD view and choosing Standard Views > Front View.

12. Under Display in the property control at the right of the screen, change the Display Mesh value to
No.

| @ Photopia - [Fresnel Lens. ray:1] E]@

@ Fie Edt Vew Draw Design Modfy Settings Analysis Window Help -8 x
JSH g mMEODNE BE0 S BEE /208 @ oo TEEAGOHFH R4 H
PEFPHNA GIRACIXHI | s RL S0 7L X

RefractorMesh
Offset Distance 3,0000 ~
Mirimum Thickness 3,0000
Offset Direction Outside
Auko Weighting on
\Weight Exponent 1,0000
Weight Minimurn 05000
Weight Shift 00000
Optional Geometry
Close Start Ves
Close End Ves
Sides that are Active Both
Cap Ends ho
Display
Show Aiming Lines Ves
Aiming Line Length 20.0000
N

Extrude/Revolve
30 Surface Type Revalved
Revalve Segment Caunt 180
Revalve Start Angle 0.0000
Revalve Angular Extent 360.0000
Extrusion Length 0.0000
Revalve Point & 0.0000
Revalve Point ¥ 0.0000
Revalve Point 2 0.0000
Arraying
Array Type Hone
Mirroring

X Howe rnany Refractar Prisms should be created <10=: | || number of Mirrors 0

— REFRACTOR canceled by user. v

E S Shawrthe mesh while selected

£ pecify oppasite camer.

o Command v

407627, 790682, 0 41 6224 < 10.8775 [mm] FROMT CPlane 08nan| Ortho | lllum.Planes Ready
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Adjust the Lens Properties

A major advantage of the Parametric Optical Design Tools is how quickly we can change simple
properties and watch the entire optical design update automatically. We will now go over some of the
useful ways you can change the Fresnel lens that we just created.

The first parameter that needs to be changed is the Offset Style, located under Offset Profile in the
property control to the right of the screen. The default option is Radial from Lamp Center, which means
that the prisms are mapped to a profile that is offset from the base profile in a radial direction from the
lamp center. Using this option, the outside of the lens is actually bigger in diameter than the inside of the
lens. However, we want a lens that is 50mm in diameter, so we need to choose a different offset style if
we want the outside of the lens to be the same diameter as the inside of the lens.

13. Under Offset Profile in the property control, change the Offset Style from Radial from Lamp
Center to Simple Offset.

| [ ] Photopia - [Fresnel Lens.ray:1] [;]@

@ Fle Edt Yiew Draw Design Modfy Settings Analysis Window Help -8 x
Jgd| e MOENE B0 S BEB /r20@@ wo FENAD O H =& 8
TEOBANA S FRrIXxa O WXL /0 LXK
x
RefractorMesh
Madir 2 0.0000 [
Profile Type Stepped
Index of Refraction 1.4910
Mumber of Aiming Sections 1
e of Contral Inside 0.0000
Tooling Constraints
Mumber of Prism Steps 10
Use a Pull Direction es
Pull Direction ¥ 0.0000
Pull Direction ¥ 1.0000
Pull Direction 2 0.0000
Draft Angle 1.0000
Peak Filet Radius a
Valley Fillet Radius [
Fillet Resolution 20.0000
Base Profile
EBase Profile Name OpticalProfilel
Spline Profile o
Base Profile Start X 0.0000
Base Profile Start ¥ -50.0000
Base Profile Start 0.0000
Arc Resolution 4.0000
Dffset Profile
loffzet e | Y S
Offset Distance 3.0000
IMinimurn Thickness 3.0000
Offset Direction Outside
Weighting
Auko Weighting on
* How mary Refractor Prisms should he created =10=: | | weight Exponent 1.0000
REFRACTOR canceled by user s i - -
Command. Indicates the method used to generate the refractor profile.
Sperify opposite comer,
Command: hd
22.1348,6.49314, 0 23,0674 < 16.3488 [mm] FRONT [CPlane 0Snan| Orho | _lllum.Flanes Ready

Now, when you hover your mouse in CAD view and read the coordinates in the lower left part of the
screen, you can see that both the inside and outside lens profiles now extend 25mm from the center, or
50mm in diameter.

We created the lens to be 50mm in diameter, but now we want it to be 60mm in diameter to fit in a
different housing. This means that we need to change the length of base profile, the profile to which the
prisms are mapped.

14. If the lens is not still selected, click on it in the CAD view to select it.

15. Choose View > Parametric Optical Design and click on the Base Profile Properties radio button,
which is right above the table of values.
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"I Parametric Optical Design - (Fresnel Lens) E]@

‘Weighting Factars
SetWeight and Stop Auta Calc ‘

Aiming of Sections
{+" By Direction, e.g. -45(510
" By Point. e.g. 5.-5(12)5.0

=

Update Aiming

Exporting Curve Profile

Curve Resolution [deg): |10

[~ Force export to <Y plane

E=port Reflector Curve to File

ties

Mame Angle Length Angular Extent

In this screen, you can see the angle, length, and angular extent of each section of the base profile. Our
base profile has only one section, and so a single line of values appears in the table. Changing the angle
of the section will rotate that section, and an angle of 0° is the direction of the positive x-axis. Giving the
angular extent a non-zero value will make that section an arc with whatever angular extent you enter.
Changing the length of the section is the parameter that we want to change, since in our case, the length
of this base profile section is the radius of our entire lens.

16. Change the Length of the base profile section from 25 to 30 to make our lens 60mm in diameter.

I Parametric Optical Design - (Fresnel Lens) E]@

Weighting Factare
SetWeight and Stop Auto Calc |

Aiming of Sections
(# By Direction, e.g. -45(5)0
" By Paint, e.q. 5.-5(12)5.0

a0

Update Aiming |

Eporting Curve Profile

Curve Resolution [degl:  [1.0
[ Force expart to 31 plane

Export Reflector Curve to File |

" Section Aiming Properties
{+ Base Profie Properties

Mame Angle Length Angular Extent

00000

You can see that the lens design has updated. There is still the same number of prisms with the same
aiming, but they are spread over a slightly larger lens.
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I FresnelLens - /O/Ed | @ Fresnel Lens.ray:1 E]@

The optical design is currently being controlled by prisms on the outside of the lens. If the design is also
controlled by prisms on the inside of the lens as well, the outside prisms will be less steep because they
will be doing less optical work. Shallower prisms may allow for less variance in prism thickness, which will
make the part easier to mold.

17. Select the lens if it is not selected, and then find the % of Control Inside parameter under Optical
Parameters the property control. Change the value from 0 to 50.

| @ Photopia - [Fresnel Lens. ray:1] E]@

@ Fie Edt Vew Draw Design Modfy Settings Analysis Window Help -8 x
DEH|g DN EED| SBR[/ 208@ oo TBRMASO LA Dim4 5
PEFPHNA GIRACIXHI | s RL S0 7L X

RefractorMesh
General [
Hame
Layer REFR-Main
Calculstion Active Active
Display Color M By Layer
Line Type By Layer
Line Vidth By Layer
Optical Parameters
Optic Center % 0,0000
Optic Center 0,0000
Optic Center 2 0.0000
Hadir 2 0.0000
Hadir ¥ -1.0000
Hadir 2 0.0000
Profile Type Stepped
Index of Refraction 1.4910

Iumber of Aiming Sections 1

% of Control Inside
Taoling Constraints
Mumber of Prism Steps 10
Use a Pull Direction N
Pull Direction i 0.0000
Pull Direction ¥ 0.0000
Pull Direction Z 0.0000
Draft Angle 1.0000
Peak Fillet Radius a
Valley Fillet Radius [
Fillet Resolution 20.0000
Base Profile

X Draw profile - pick a point (<Enter= to end) ~ | | Base Profile Mame OpticalProfilel

— Pick point of Lamp center =0.0,0.0,0.0=

5 How many Refractor Prisms should be created =10>;

£ REFRACTOR canceled by user

& Command: | v

18 4357, 10685, 0: 21.3083 < 30.0868 [mm] FROMT CPlane 08nan| Ortho | lllum.Planes Ready

Srline Preile. e,
Defines how ruch of the light should be directed from
lamp =ide (inside) prisms 0 to 100 percent.

We now have prism steps on both lens surfaces, but there are some undercuts on the prism risers on the
inside of the lens. Since a mold cannot pull upward to create this shape, we need to add a pull direction
constraint.

18. Find the Use a Pull Direction parameter under Tooling Constraints in the property control and
change its value to Yes.

19. To make a pull direction upward, enter 1 in the Pull Direction Y parameter, since the positive y
direction in the current CPlane is the direction we want to be able to pull the mold.
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| [ ] Photopia - [Fresnel Lens.ray:1] [;]@
@ Fle Edt Yiew Draw Design Modfy Settings Analysis Window Help -8 x
Jgd| e MOENE B0 S BEB /r20@@ wo FENAD O H =& 8
TIIAHNI G RAAXQA]HFA 0w L0 LX
x
RefractorMesh
General i
Mamne
Layer REFR-Main
Calculation Active Active
Display Calor M By Layer
Line Type By Layer
Line Width By Layer
Optical Parameters
Optic Center ¥ 0.0000
Optic Center Y 0.0000
Optic Center 7 0.0000
Madir % 0.0000
Madir ¥ -1.0000
Madir 2 0.0000
Profile Type Stepped
Index of Refraction 1.4910
Mumber of Aiming Seckions 1
% of Contral Inside 50.0000
Tooling Constraints
Mumber of Prism Steps 10
Use a Pull Direction es
Full Direction % 0.0000
1.0000
Full Direction 2 0.0000
Draft Angle 1.0000
Peak Filet Radius a
Valley Fillet Radius [
Fillet Resalution 20.0000
Base Profile
X Draw profile - pick a point (<Enter= to end) | | Base Profile Name OpticalProfis1
E }Ttk e ﬂl;:?r‘:uintregr‘iz’r:snz Snﬁg E; created =10 S Lo =
& How mar
E REFRACTVOR canceled by user. Pl EEE
& Command:| v
18.1831,-4.34138, 0 18.6942 < 346.572 [mm] FRONT [CPlane 0Snan| Orho | _lllum.Flanes Ready

Notice the prism profile has updated and there are no longer undercuts in the design. The default Draft
Angle (under Tooling Constraints in the property control) of 1° is appropriate for our design, but you may
change this value as well.

Now we want to alter the design so that it has a flat outer surface that can easily be cleaned. We can
utilize one of the parameters that we have already looked at by taking it further, the % of Control Inside
parameter.

20. Under Optical Parameters in the property control, change the % of Control Inside value to 100.

| [ ] Photopia - [Fresnel Lens.ray:1] [;]@
| x

@ Fie Edit View Draw Design Modfy Settings Analysis Window Help N
12H & MO0SNE EED SxBAE /r20@8@[ o RBNAGOES Him £
TIIAHNI G RARAXQA]FA 9SS0 LXK

RefractorMesh

General ~
Hame

Layer REFR-Main
Calculation Active Active
Display Colar W By Laver
Line Type By Layer
Line Width By Layer
Optical Parameters

Optic Centsr X 0,0000
Optic Centsr ¥ 0,0000
Optic Center 2 0,0000
Hadlr 3 0,0000
Hadr ¥ -1.0000
Hadir 0,0000
Frofile Typs Stepped
Index of Refraction 1.4910

Murnber of Aiming Sections 1
ide

Tooling Constraints

Nurber of Prism Steps 10

Use & Pull Direction ves

Ful Direction % 0.0000
Ful Direction ¥ 1.0000
Ful Direction Z 0.0000
Draft Angls 1.0000
Peak Filet Radius 0

Valley Filet Radius 0

Fillek Resolution 20,0000

Base Profile

* Draw profile - pick a point (<Enter= to end)
- Pickpointarlamp center <0.0,0.0,0.0>

& How rany Refractor Prisms should be created <10=:
£ REFRACTOR canceled by user

d Command:

33.9671,9.54852, 0352837 < 15.7012 [mm] FRONT CPlane 0Snan| Ortho | _lllum.Planes Ready

Base Profile hame OpticalProfile1

Srline Brofie bl
Defines how much of the light should be directed from
.| [amp side dnside) prisms 0ta 100 percent
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All the optical control is now on the inside of the lens, and our pull direction constraint has been retained.

During the design process we have been aware of manufacturing constraints to make sure that our new
lens is mold-able. There is another parameter that will make our design even closer to what will actually
be manufactured: fillets.

21. Under Tooling Constraints in the property control, change the Peak Fillet Radius to 0.3 and the
Valley Fillet Radius to 0.3.

| [ ] Photopia - [Fresnel Lens.ray:1] [;]@
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RefractorMesh
General ~
Hame
Layer REFR-Main
Calculation Active Active
Display Colar M By Layer
Line Type By Layer
Line Width By Layer
Optical Parameters
Optic Center X 0,0000
Optic Center ¥ 0,0000
Optic Center Z 0,0000
Had 3 0,0000
Hadr ¥ -1.0000
Hadir 0,0000
Frofile Typs Stepped
Index of Refraction 1.4910
Humber of Aming Sections | 1
% of Control Inside 100.0000
Taoling Constraints
Humber of Prism Steps 10
Use a Pul Dirsction ves
Pull Direction X 0.0000
Pull Direction ¥ 1.0000
Pull Direction Z 0.0000
Draft Angle 1.0000
Paak Filet Radius 0.3 (achieved: 0.0586 )
0.3 (Achieved: 0.164
Fillet Resolution 20,0000
Base Profile
* Draw profile - pick 2 point (<Enter= to end} || Base Profile Name: OpticalProfilet
- Pick point of Lamp center <0.0,0.0,0.0» [r—— i ~
E ;Evggn;i%ﬂﬂeg:ingr‘z‘;uz;njss;nuld be created <10 Ralg\us urmglmm mhe iu’aseI unner;‘unsm step 1o be used
S Command:\ - Inthe generation ofthe refractar profile
16.9204, 10.5587, 0 : 19.9446 = 31.965 [mm] FRONT [CPlane 0Snan| Ortho | llum.Planes Ready

22. Zoom in to view the fillets by right clicking in the CAD view and choosing Zooming > Zoom
Window.

@ Fresnel Lens.ray




