Advanced Tutorial T Designing a Forward Throw Roadway Reflector with
the Parametric Optical Design Tools

This design utilizes a feature in the PODT module to link together 2D profiles to create 3D surfaces
beyond the revolved and extruded surfaces of the basic tools. In order to get the most from this tutorial, it
is best if you are already familiar with the basic concepts of the PODT module and reflectors based on
linked 2D profiles. We therefore recommend that you complete Tutorial 3 and also read Chapter 5 before
you begin this tutorial. This tutorial will describe the process of creating this particular type of design, but
leave the explanations of the general features to Chapter 5. You should also be familiar with the basic
features of the CAD system so that you can perform the CAD operations described in the tutorial. The
CAD system behaves similar to AutoCAD and the various CAD tools can either be typed in or chosen from
the Modify menu. Note that if your if your Selection Method (Under Settings > Application Settings >
CAD tab) is set to Accumulate, you will need to press Esc between selecting different geometry like
reflector profiles, whereas if it is set to Replace, your previous selections will automatically be deselected
when making new selections.

The reflector will be segmented with Type Il IES classification and will fit within a housingt hat has a 140
140 |l ens opening. sg amcetheldistibationwvill bel IESué cutoff. at gl a

Import the Lamp

1. Start a new project and choose File > Save As to give it a name such as Forward Throw
Reflector.

2. Choose File > Import Lamp and then browse for the lamp named M400ED28H. Insert the lamp
at 0,0.

@ Forward Throw Reflector B[E=]

3. Once the lamp is inserted, then select it in the CAD view and use the Rotate command to rotate
the lamp 180° about 0,0.
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@ Forward Throw Reflector M=%

We now need to consider the lamp position within the reflector. We will start with the lamp in the center of
the housing in the XY plane and consider moving it as we see the shape of the reflector later. For the
lamp height above the glass, there are a couple of considerations. First, of course the bulb must be
above glass with some reasonable clearance. Second, it is good to have the direct light from the lamp exit
at the same beam angle as the reflected light. The more light that exits directly without being controlled by
the reflector, the higher the efficiency. However, if the beam angle for the direct light is too wide then it will

violate the limitsofafullcut of f cl assi ficati on. Taking this all into
the lamp center to the reflector outline, we would liket o have the | amp center up abou
This will allow its light to exit at about a 70° vertical angle, which is about where the peak intensity will be
directed. This however, results in onl ylasalsowetwill 0. 250 ¢
move the | amp up anot hlerof0.albodu tt 00 .p5 00 vd ldesa raa nt coet .a

4. Select the lamp in the top view and set its Origin Zvaluet o 2 . 2 Sdpeityrcontroh e

Properties =
Lamp M40DED28H
[Geometry NN
Qrrigin & 0.0000
Crrigin ¥ 0,0000
CQrrigin £ 2.2500
Calculations
Lamp Type MH 4004 40124 ..,
Library Mame M400EDZ8H
Lumens 40000, 0000
Ray Set File Off
Ray Set Filename
Calc State Active

5. Create a cdin s t r ulayér byochobsing Settings > Layers and clicking the New button. Edit
the new | ay e rdosstruatiannard change thes color to yellow to make the layer stand
out. Click the Set Current button to make the Construction layer current.
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Layers
Current Layer. Construction
| Hame on Color Line Type Line Width Layer Typs
LAMP-M4D0ED28HL on L1 it SOLID 1.0000 Lamp
LAMP-M400ED2ZEHZ on L1 vehits SOLID 1.0000 Lamp
LAMP-M400ED28H3 on [ vehits SOLID 1.0000 Lamp
LAMP-M400ED28HY on [ wehite SOLID 1.0000 Lamp
LAMP-M400ED28HS on [ wehite SOLID 1.0000 Lamp
LAMP-M400ED25HS on [ white SOLID 1.0000 Lamp
LAMP-M400ED28H7 on [ white SOLID 1.0000 Lamp
LAMP-M4D0EDZEHA on [ white SOLID 1.0000 Lamp Axis
on O white SOLID 1,0000
[ ] 1.0000

Mew: Delete | ‘Setcunem oK Cancel

6. Draw the top-view boundaries of the optic by drawinga r ect angl e 140 x 1406 and
the lamp.

@ Forward Throw Reflector [Z]@

Create Horizontal and Vertical Profiles

7. Start with the horizontal profile of the optic. In this tutorial, we will only use one horizontal profile; if
you desire a stepped profile that could fit into a smaller housing constraint, you would want to use
more than one horizontal profile. Make sure you are in top view, and that the CPlane matches
your view. Choose Design > Reflector: Aiming Based > 2D Profile from the main menu.

a. Press Enter to accept the default aiming method of Direction.
In this CPlane, the default lamp center of 0,0 is correct, so press Enter to accept.

c. Next, since we know that we want a biaxially symmetric optic, and since the start point of
a reflector is a fixed location, we will make the start point be the center and back of the
reflector, in front of the lamp tip. Enter 0,-6 for this point.

d. For the Reflector Extent, hover your mouse in CAD view to an angle that sweeps counter
clockwise toward the upper right corner of the housing. Reading the angle in the lower
left of the screen, about 130° looks like a good angle to start with, so enter that value.
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e. The start of the reflector profile will aim light toward the +Y direction, which is 180° in

Phot opi adés aiming angl e ¢1808 fordthermiaming angeyfos the m. So
start section.

f. The last section of the reflector profile is the right side of the optic, so it should be aimed
at the opposite side to throw light down the curb line. Enter -90° for this aiming angle.

g. Enter an angle increment of 10°.

8. Select the new reflector profile, and type H1 for its Name in the property control, it being the first
horizontal profile.

@ Phatopia - [Forward Throw Reflector. ray] o&

@ Fle Edt View Draw Design Madify Settings Analysis Window Help
USHe BMORNE B0 BEE| /7 20@@| oo T3 M4 000605
TE@AHNA G RHAXIXQA~NHIT W FE LA L X

ReflectorMesh
Crra— -
Layer REFL-Main
Display Color M By Layer
Line Type By Layer
Line Width 1
Reflector
Mame HL
Optic Center ¥ | 0.0000
Optic Center ¥ | 0.0000
Optic Center 2| 0.0000
Madir % 0.0000
Madir ¥ -1.0000
Madr 2 0.0000
Start & Extent
Starc % 0.0000

Start -6,0000

Start 7 0.0000

Start Linkage None

Linkage Carner | End to Start
Linkage Offset % | 0.0000

Linkage Offset ¥ | 0.0000

Linkage Offset 2| 00000

Extent 1300000
Mirroring
Murnber of Mirrars | 0
Wirror Plane
Wirror Point 0.0000
Wirror Point ' 0.0000
Mirrar Poirk 2 0.0000
Wirror Direction 2| 1,0000

X Command: | Mirror Direction ¥ _| 0.0000 =
-

s The user's name for the reflector.
8 Conmand

pan;
£FPress ESC or ENTER to exit
5 Command : v

33128, 7.7467, 0.0000 [in] TOP CPlane OSnan| Ortho | IPlanes: Readv

9. While profile H1 is selected, you will see that the automatic weighting function has put a very large
emphasis on the reflector aimed at -90°. The weighting function reaches asymptotic values at -
90° and 90°, so it is best to adjust the weighting to avoid this effect. In this case, we will first make
each reflector sectiont o be weighted equally. Do this by ent
under Weighting in the property control. You can also change the Weight Minimum under
Weighting from 0.5 to 1 so that each section starts with a Total Weight value of 1.
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@ Photopia - [Forward Throw Reflector.ray] 9=
@ Fle Edt View Dram Design Modfy Settings Analysis Window Help _la %
JZoH @ MAEODNF E@0| S BEE /75 208@| | oo BBEMASGOEFH D m.£#
FEPAHNI G RAIX|F K 5
— Properties x
Reflectorilesh
Mum Rows 1 &
Row Spacing 0.0334
Mum 2 1
2 Spacing 0.0334
Polar Center % 0.0000
Polar Center v [0,0000
Polar Center 20,0000
Polar Ttems 1
Polar Extent 360.0000
weighting
Auto Weighting | On
WWeight Exponent | 0.0000
‘Weight Minimum [ 1.0000
Weight Shift 0.0000
Aiming Lines
Aiming Display | Off
Aim Point Cnly | Mo
Effective Lamp ... |0.0000
Effective Lamp ... |0.0000
Effective Lamp 0.0000
Plane Point % 0.0000
Plane Point ¥ 0.0000
Plane Point 2 -0.7874
Plane Normal % [0.0000
Plane Normal¥__[0.0000
Plane Normal 2 1.0000
BBox: Mo, Pts, 4
BBaic: Pt Index 1
BBoxx: Paint X 26,4711
BBoxx: Point Y -48.0000
= Command - BBox: Poink 2 0.0000 v
Conmand: pen Sets the haseline used in generating
Press ESC or ENTER to exit R R
Comnand v
11,5067, 7.3045, 0.0000 [in] TOP [CPlane 0Snan| Orho | IPlanes Reary

Now that the weighting is more evenly distributed, we can work from this baseline to create a weighting
scheme that is more fitting to the application. To make a rectangle distribution of a Type Il pattern, we will
probably want more light aimed at the corners and sides of the light pattern than at the front. So we can

change the weighting of H1 accordingly.

10. With H1 selected, choose View > Reflector Design to

open the Reflector Design View. By

adjusting the values in the Weight Adj. column while viewing the yellow aiming angle graphic on
the left, we can aim more of the reflector profile toward the corners and sides of the light pattern
and less towards the front. Enter the values in the Weight Adj. column as shown in the graphic
below. We will use this weighting scheme as a starting point and come back for adjustments if

needed.

I Reflector Design - (Forward Throw Reflector)

BEX]

‘weighting Factors

Setweight and Stop Auto Calc

Aiming of Sections
{+ By Ditection, e.g. -45 (3]0
™ By Poirt, e.g. 5,-5(125.0

-180.0010.0)-50.0
Update Aiming
Exporting Curve Prafile
Curve Resolution (deg):  |3.9399
I Force export to Xy plane

Expart Reflector Curve to File

(% Section Aiming Properties
(™ Section Linking Properties

Name Layer ‘Weight Adj. Calc Wieight | Total Weight | Aiming Type Aim Angle | Aim Point % Aim Poink ¥ | Aim Point 2
REFL-Main 1.0000 1.0000 1.0000 By Angle -1¢ 0 0 0.0000
2 REFL-Main 1.0500 1.0000 1.0500 By Angle -170.0000 3.9370 -3.9370 0.0000
3 REFL-Main 1.1000 1.0000 1.1000 By Angle -160.0000 3.9370 -3.9370 0.0000
4 REFL-Main 1.2000 1.0000 1.2000 Ey Angle -150.0000 3.9370 -3.9370 0.0000
S REFL-Main 1.4000 1.0000 1.4000 By Angle -140.0000 3.9370 -3.9370 0.0000
6 REFL-Main 1.8000 1.0000 1.5000 By Angle -130.0000 3.9370 -3.9370 0.0000
7 REFL-Main 2.0000 1.0000 2.0000 By Angle -120.0000 3.9370 -3.9370 0.0000
8 REFL-Main 2.0000 1.0000 2.0000 By Angle -110.0000 3.9370 -3.9370 0.0000
9 REFL-Main 1.9000 1.0000 1.9000 By Angle -100.0000 3.9370 -3.9370 0.0000
End REFL-Main 1.8000 1.0000 1.5000 Ey Angle -90,0000 3.9370 -3.9370 0.0000

11. Next, since the reflector will be segmented, we need to
account. Keep H1 selected and find the Curve Resolution

make sure that H1 will take this into
under Section/Profile in the middle of
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the property control. The current value of 4 means that line segments are constructed every 4° of
angular sweep about the lamp center for each reflector section. Change the value to 90° so that
each reflector section will consist of a single line segment. Then change the Mesh Construction,
also under Section/Profile, to Segmented (Assembled). Now you can see that the profile is
segmented instead of a smooth curve.

@ Photopia - [Forward Throw Reflector] m=X]

T)Fle Edt View Draw Design Modfy Settings Analysis Window Help - a3 x

JSd e 2 ODNE BEDO S B@ B /7 20@&| oo TELPO0FM RI=€H
FFIIFI 6 RHAIIR(ET WFd L5707 LX

Reflectorhesh H1

Humber of Mirors 0 ~
Mirror Plane
Mirror Poit X 0.0000
Mirror Point ¥ 0.0000
Mirror Point 2 0.0000
Mirror Direction % 1.0000
Mirror Direction Y 0.0000
Mirror Direction 2 0.0000
Section/Profile
Hum Sections 10

Curve Resolution 50,0000
Profile Length 14,8485
Profile Only ves
Display Mesh ves

Mesh Canstruction Segmented (Assembled

Extrude/Revolve

Reflector Type Asymmetric

Extrude Length 0.0394
Rev/Mirror Point ¥ 0.0000
Rev|Mirror Point v 0.0000
Rew/Mirror Point 2 0.0000
Hum Segments 0
Rev Extent 0.0000
Arraying
Type Hone
Hum Columns L
Column Spacing 0.039%¢
Mum Rows 1
Row Spacing 0.03%
Murm Z 1

* Command '~ | Z5pading 0.0394 v

8 Connand: pan: .

E£FPress ESC or ENTER to exit.

S Connand : | w

10.7588, 2.6106, 0.0000 [in] TOP [CPlahe _0Snan| Ortho | IPlanes Ready

12. To create the first vertical profile, first go into left side view, and ensure that the CPlane is set to
the current view. We will create the first vertical profile at the center of the back of the optic, so in
this view it will be to the right of the lamp.

@ Forward Throw Reflector. ray E]@

13. Again, choose Design > Reflector: Aiming Based > 2D Profile from the main menu.
a. Press Enter to accept the default aiming method of Direction.
b. Type 0,2.25 for the CPlane coordinates of the lamp center.

c. The start of the reflector profile can be at either the bottom or the top of the optic. In this
tutorial, start the profile at the bottom and enter 6,0.
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Again, hover your mouse in CAD view to an angle that looks like it might make a fitting

optic and then read the angle in the lower left of the screen. 80° looks like a good angle

for now, so enter that value.

a higher angle. Enter -70°.

The start of the reflector profile is the bottom of the optic, so that part should be aimed at

f. The last section of the reflector profile is the top of the optic, so it should be aimed at a

lower angle. Enter -35°.

g. Enter an angle increment of 2.5°.

14. Select the new reflector profile, and type V1 for its Name in the property control, it being the first

vertical profile.

@ Photopia - [Forward Throw Reflactor] o
| File Edit Yiew Draw Design Modfy Settings Analysis Window Help NEES
JZHd 8 MEDNE @E0lss BAB|/ 7 20a@ v T8AP0 0, 0=.EH
IFIPHO 6 BRAAXABDT /XL SO LXK
Properties x
ReflectorMesh
~
Layer REFL-Main
Display Color W By Layer
Line Type By Layer
Line Width 1
Reflector
Hlame [
Optic Center®|0.0000
Gptic Center¥ | 2.2500
Gptic Center2 | 0.0000
Hlai 3 10,0000
Hadir -1.0000
Hadir 7 00000
Stark & Extent
Start X 6,0000
Start ¥ 0,0000
Start 2 0.0000
Start Lirkage Hone
Linkage Cormer | End to Start
Linksge Offset® | 0.0000
Linkage Gffseb ¥ | 0.0000
Linkage Offseb 2| 0.0000
Extent: 0.0000
Mirroring
Hurnber of Mirrors |0
Hirrar Plane
Hirrar Pait % 0,0000
Hirrar Paint 0,0000
Mirrar Point 2 0.0000
Mirrar Direction ®__|0,0000
x Connand | | Mirer Direction ¥ __|0,0000 v
Comnand: pan: The user's name far the reflectar.
Press ESC or ENTER to exit.
Connand v
0.7194,1.3204, 0.0000 [in] LEFT [CPlane  0Snan| Criho | IPlanes! Ready

15. Next, we will array copies of V1 so that we can have multiple vertical profiles. We will then be

able to adjust the profiles indi

vidually, and so the opti

where it is on the horizontal profile. From top view, choose Modify > Array from the main menu

to run a polar array on profile V1.

a. Type p in the command prompt for polar array.
b. Enter 3 for number of items.

c. Enter 90° for the angle to fill.

d. Enter 0,0 for the center point of the array.
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16. Select the new profile that is near V1 (45° CCW from V1). Edit the Name in the property control
to be called V2.

17. Select the next new profile (90° CCW from V1). Edit the Name in the property control to be called
V3.

You will see that the vertical profiles are slightly offset from the horizontal profile. In order to link the
vertical profiles to the horizontal profile, it is not necessary for them to be touching each other. It is
however, more accurate to bring the profiles close to each other, since the curves are based on a
particular lamp center. For example, if we linked V3 how it is now to H1, the V3 profile would be swept
along H1, but the V3 profile is built based on the source being6o t o t h 850l & fot ,t hreotl ef t

18. So, select V3 and change the Start X value under Start & Extent in the property control from 6 to

6.5.
@ Phatapia - [Forward Throw Reflector] oE
| Fle Edt View Draw Desin Modfy Settings Analysis ‘Window Help =8 x
JZ2H 5 M OBNBE B0 S BHE /2088 oo TRLAPOEIS B=m.LH
PSIFAHNA O RARARAXXR BT 9 8RXL |27 LXK
Properties x
ReflectorMesh V3
Eer— -
Layer REFL-Main
Display Color M By Layer
Line Type By Laver
Line Width 1
Reflector
MName W3
Optic Center & 0.0000
Optic Center ¥ 0.0000
Optic Center 2 12,2500
Nadir % 0.0000
Nadir ¥ -0.0000
Nadr 2 -1.0000
Start & Extent
Start 2 6.5000
Start ¥ 0.0000
Start 7 0.0000
Start Linkage Mone
Linkane Corner End to Start
Linkage Offset X 0.0000
Linkage Offset ¥ [0.0000
Linkage OffsstZ_[0.0000
Extent 50,0000
Mirroring
Number of Mirrars |0
Mirror Plane
Mirror Paint X% 0.0000
Mirror Paint ¥ 0.0000
Mirror Paint Z 0.0000
Mirror irection ¥ | 1.0000
= Connand m Mirror Direction ¥ |0.0000 ™
Astart position to seed the reflector
Comnand: pan:
Press ESC or ENTER to exmit 1
Comnand v
14.8492,-0.6037, 0.0000 [in] TOP CPlane 0Snan| Ortho | IPlanes| Ready
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19. Next, select V1 and go into front view.

1 Forward Throw Reflector E]@

You can see from this view that changing the start point of V3 had a secondary effect of making it taller.
The height of the profiles is based on a reflector extent angle rather than a fixed height, so we will need to
adjust this angle to bring V3 back to the same height as V1 and V2.

20. Select V3 and change the Extent under Start & Extent in the property control from 80° to 73°.
Now all three vertical profiles are of similar height. As you go through the design process, you will
change other factors of each of the profiles, and you may have to come back to this view and re-
adjust the heights using the Extent value.

@ Photopia - [Forward Throw Reflector] [ =0 <]
T)Fle Edt View Draw Desion Modfy Settings Analysis Window Help B=IES
JoHd 8@ MEODNE B@0 S B B /7208 & woTBEMAGONHF B £
TI@AHNA G| RHAXLIX2ABT 98X L[LAS07LX
Properties x
ReflectorMesh V'3
[General RN
Layer REFL-Main
Display Color W By Layer
Line Type By Layer
Line MWidth 1
Reflector
Name v
Optic Center x 0.0000
Optic Center ¥ 2.2500
Optic Center 2 0.0000
Madir % 0.0000
Nadir ¥ -1.0000
Nadir 2 0.0000
Start & Extent
Stark 3% 15,5000
Start ¥ 0.0000
Start 2 -0.0000
Start Linkags None
Linkage Corner End to Start
Linkage: Offset ¥ 0.0000
Linkage: Offset 0.0000
Linkage Offset 2 0.0000
Extent 73.0000]
Mirroring
Number of Mirars_ |11
Mirror Plane
Mirror Paink ¥ 0.0000
Mirror Paint ¥ 0.0000
Mirror Paink 2 0.0000
Mirror Direction ¥ | 1.0000
X Comnond : N .| | Mirror Dirsction v_|0.0000 ~
Comnand: pen: The angular capture size in degrees,
Press ESC or ENTER to exit
Comnand v
9.1463, 1.0374, 0.0000 [in] FRONT [CPlane 0Snan| Orho | IPlanes| Reath
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21. To keep the drawing easy to work with, choose Settings > Layers to create a new layer called
Vertical Profiles, using a different color such as Magenta.

22. Select the vertical profiles and change the Layer in the property control to the appropriate layer
name.

Link the Profiles to Create a Reflector Mesh

Next we will link the vertical profiles to the horizontal profile to create a 3D reflector.

23. From top view, select H1 and go back to Reflector Design View. To the left and just above the
table of values, there is a radio button where you should choose Section Linking Properties. Now
you see each of the reflector sections in the table, along with their linking options.



