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ABSTRACT

Visualization and 3D printing of a 3D Solar Tracker Model using Mayavi and POV-Ray

by

Aditya Mehra, Master of Science

Utah State University, 2017

Major Professor: Nicholas S. Flann, Ph.D.
Department: Computer Science

In this work, we have created a realistic model of a solar tracker using Mayavi: 3D

scientific data visualization and plotting in Python, Enthought Canopy:a comprehensive

Python analysis environment [1] and Persistence of Vision Ray Tracer, or POV-Ray, a ray

tracing program which generates photo-realistic images from a text-based scene description,

a model of the solar tracker was also 3D printed.

(41 pages)
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CHAPTER 4

SIMULATING SOLAR TRACKERS

Once we get the model of single solar tracker working in POVray, we can layout multiple

solar trackers as per the most efficient way. The solar trackers should be placed in such

a way that they do not cast a shadow on other solar trackers as it will lead to less solar

energy being trapped by the solar panels on the tracker and also to reduce the amount of

space they need on the land. Therefore, we simulate a matrix of solar trackers to look into

this problem and layout the solar trackers in the most efficient way possible.

The matrix pattern of solar trackers is achieved by offsetting the position of each solar

tracker by an incrementing factor in each direction, We only need to offset the x and y

coordinates, keeping the z coordinate same for all the solar trackers. Once we get the solar

trackers laid out we need to adjust the camera in POVRay according to our suitability.

Fig. 4.1: Array of Solar Trackers
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CHAPTER 5

3D PRINTING

Once the 3D models looked realistic in the Mayavi [7] and POV-Ray, next step was to

3D print the model. In Mayavi, there is an option to save the 3D Model as a WRL file.

5.1 WRL (Worlds)

WRL is a file extension for a Virtual Reality Modeling Language (VRML) file format

often used by browser plug-ins to display virtual reality environments. VRML files are

known as worlds, which is what WRL stands for [8].

WRL files are plain ASCII text files. A WRL file includes data specifying 3-D details

such as vertices, edges for a 3-D polygon, surface color, image-mapped textures, light and

reflection mapping, and transparency.

After saving the files as WRL, we process the files in Microsoft 3D Builder as the models

are not the usual 3D models and in some cases had too many surfaces to be rendered. After

the models were repaired in Microsoft 3D builder, we saved them as an STL file.

5.2 STL (STereoLithography)

STL (STereoLithography) is a file format native to the stereolithography CAD software

created by 3D Systems. This file format is supported by many other software packages; it is

widely used for rapid prototyping, 3D printing and computer-aided manufacturing. STL files

describe only the surface geometry of a three-dimensional object without any representation

of color, texture or other common CAD model attributes. The STL format specifies both

ASCII and binary representations. Binary files are more common, since they are more

compact. An STL file describes a raw unstructured triangulated surface by the unit normal

and vertices (ordered by the right-hand rule) of the triangles using a three-dimensional
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Cartesian coordinate system. STL coordinates must be positive numbers, there is no scale

information, and the units are arbitrary.

5.3 3D Printing the Frame

The frame had to be made thicker to get a more steady and robust model after 3D

printing. Figures 5.1 and 5.2 show the thinner and thicker models respectively.

Fig. 5.1: Frame 1 (3D Printing Model, thin)

Fig. 5.2: Frame 2 (3D Printing Model, thicker)
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5.4 3D printing the Panel Spinner

The panel spinner was 3D printed with various changes to the original design as per

the requirement of the model. Figure 5.3, shows the original model of the panel spinner

as an STl file. But, the spheres had to be made more round and the hexagonal cylinders

changed to round cylinders (shown in Figure 5.4).

Fig. 5.3: Panel Spinner 1 (3D Printing Model)

After changing the spheres and the cylinders to desired shape, an extra handle was

added so that the panel spinner can be manually rotated about the axle on the frame. Also,

the sphere on the front handle (cylinder) was made smaller and moved towards the center

so that it does not hinder the movement of the panel spinner around the axle.
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Fig. 5.4: Panel Spinner 2 (3D Printing Model)

5.5 3D Printing the Solar Panel

3D prints for most of the parts of the model like frame and the panel spinner were

pretty straightforward once we had the WRL and STL files. Solar panel was drawn using a

2D surface in Mayavi, therefore, it did not have a thickness that is required for 3D printing.

To make the 3D print of the solar panel possible, we replaced the 2D surface with pipes.

Here is an algorithm for the construction of 2D surface with pipes -

• Find the unit vector from the bottom left (BL) corner to the bottom right (BR) corner

of 2D surface.

• Find all the pairs of bottom left (BL) corner and top left (TL) corner along the unit

vector at a given distance.

• Draw the pipe between BL and TL as the pair of points is found.

• Do 3 for the all the pairs found in 2.

Once we get the model in Mayavi we save it as a WRL and then as STL in Microsoft

3D Builder [9]. Now, the solar panel can be 3D printed and used for rapid prototyping.

Figures 5.5 and 5.6 show the front and the rear view of the solar panel in Microsoft 3D

Builder.
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Fig. 5.5: Front View of the 3D Model of Solar Panel in Microsoft 3D Builder as an STL file

Fig. 5.6: Back View of the 3D Model of Solar Panel along with Cam Ball and Cam Connector

in Microsoft 3D Builder as an STL file
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APPENDIX A

The file for this wrapper is may to pov.py, which converts the model from Mayavi to

POVRay. Mayavi is a 3D data visualization tool but we needed more visually realistic 3D

model, and POVRay is one of the best tools for this purpose. Also, with POVray we can

create a field of solar trackers and solar concentrators after we get a single model from

Mayavi.

”povray files” folder -

• static.inc - Created by may to pov.py, will be new for new run.

• header.inc - Not created by may to pov.py, copy from another folder and paste inside

povray files folder. Contains info about the camera.

lightsource{ } in here is used to make the frame look metallic and is shadowless.

• Copy SolarPanel2.jpg and ground6.jpg to this folder.

Functions in may to pov.py -

• delOldFiles() - Deletes the old files from the folder. Be sure to copy the files yourself

if you need them.

• mlabPlot3D() - Wrapper for the mlab.plot3d() function and also calls outputPointsStatic()

and outputPointsDynamic() depending on the dayTime argument. Also, returns the

mlab object. This function draws cylinder, therefore, calls outputStaticPoints() with

type = None (type = None means cylinder).

• mlabPoints3D() - Wrapper for the mlab.points3d() function and also calls output-

PointsStatic() and outputPointsDynamic() depending on the dayTime argument. Also,

returns the mlab object. This function draws spheres, therefore, calls outputStatic-

Points() with type = sphere.
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• outPointsStatic() - Writes to the static.inc, static.inc contains all the parts which are

static i.e., the parts that make frame of the solar tracker. Like ring, legs, cam support

and cam. The type argument is there to determine whether to draw a cylinder (type

= None) or a sphere.

• outputPointsDynamic() - Creates a new file from each dayTime, filename is gener-

ated from dayTime. Creates parts which change with the dayTime, like panel, panel

spinner, panel Center cam connector, and cam ball. The type argument is there to

determine whether to draw a cylinder (type = None) or a sphere.

• povGround() - Draws the ground as a box.

• povPanelBox() - Draws the panel as a box.

• povSun() - Draws the sun as a lightsource with shadow in each dayTime PoV-Ray

file.

POV-ray guidelines -

• Read through the POV-Ray documentation, there are in-built solutions for many

complex situations.

• In this work, we have primarily used cylinders and spheres.

• Solar panel and Ground are made using a box in Pov-Ray to make it look more

realistic with an image of a solar panel wrapped around the box.
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APPENDIX B

Listing B.1: delOldFiles()

def d e l O ld F i l e s ( ) :

o l d F i l e p a t h = f o l d e r p a t h

i f not os . path . e x i s t s ( o l d F i l e p a t h ) :

os . makedirs ( o l d F i l e p a t h )

o ldFi l e names = l i s t d i r ( o l d F i l e p a t h )

print ” De l e t ing F i l e s ”

i f len ( o ldFi l e names ) != 0 :

for o ldFi le name in o ldFi l e names :

os . remove ( o l d F i l e p a t h + oldFi le name )

Listing B.2: mlabPlot3D()

def mlabPlot3D ( xList , yList , zL i s t , c o l o r = None , l i n e w i d t h = None ,

tube rad iu s = None , t u b e s i d e s = 6 , opac i ty =None ,

dayTime=None , t ex tu re = None ) :

object = mlab . p lot3d ( xList , yList , zL i s t , c o l o r = co lo r ,

l i n e w i d t h = l ine w idth ,

tube rad iu s = tube rad ius ,

t u b e s i d e s = tube s ide s ,

opac i ty = opac i ty )

i f dayTime i s None :

outputPo in t sSta t i c ( xList , yList , zL i s t , tube rad ius ,

co lo r , type=None , t ex ture=texture )
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else :

outputPointsDynamic ( xList , yList , zL i s t , tube rad ius ,

co lo r , dayTime , type=None)

return object

Listing B.3: mlabPoints3D

def mlabPoints3D ( xList , yList , zL i s t , s = None , c o l o r = None ,

s c a l e f a c t o r = None , r e s o l u t i o n = 20 , opac i ty = None ,

dayTime = None ) :

object = mlab . po ints3d ( xList , yList , zL i s t , s ,

c o l o r = co lo r ,

s c a l e f a c t o r=s c a l e f a c t o r ,

r e s o l u t i o n = r e s o l u t i o n ,

opac i ty=opac i ty )

i f dayTime i s None :

outputPo in t sSta t i c ( xList , yList , zL i s t , 8 , co lo r ,

type=” sphere ” )

else :

outputPointsDynamic ( xList , yList , zL i s t , 8 , co lo r ,

dayTime , type=” sphere ” )

return object

Listing B.4: povPanelBox()

def povPanelBox ( dayTime , panelCenterPoint , W, Q, azimuthAngle ,

e l evat ionAngle , type=None ) :
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f i l ename = str ( dayTime . month ) . r j u s t (2 , ’ 0 ’ )+ ’ ’+

str ( dayTime . day ) . r j u s t (2 , ’ 0 ’ )+ ’ ’+

str ( dayTime . hour ) . r j u s t (2 , ’ 0 ’ )+ ’ ’+

str ( dayTime . minute ) . r j u s t (2 , ’ 0 ’ )

path = f o l d e r p a t h + ’ dynamic ’ + f i l ename + ’ . pov ’

i f not os . path . e x i s t s ( path ) :

cord = open( path , ”a” )

cord . wr i t e ( ’#inc lude ” header . inc ” ’ )

cord . wr i t e ( ’ \n#inc lude ” s t a t i c . i nc ” ’ )

cord = open( path , ”a” )

cord . wr i t e ( t ex tb reake r + f i l ename + ” panel \n” )

cord . wr i t e ( t ex tb reake r + f i l ename + ” panel \n” )

cord . wr i t e ( t ex tb reake r + f i l ename + ” panel \n” )

( xPoint , yPoint , zPoint ) = panelCenterPoint

xPoint = −1∗xPoint

#yPoint = −1∗yPoint

azimuthAngle = math . degree s ( azimuthAngle )

e l evat i onAng l e = math . degree s ( e l evat i onAng l e )

for k in range ( len ( o f f s e t x ) ) :

new xPoint = xPoint + o f f s e t x [ k ]

for j in range ( len ( o f f s e t y ) ) :

new yPoint = yPoint + o f f s e t y [ j ]

new zPoint = zPoint

cord . wr i t e ( ”#d e c l a r e W = ” + str (W) + ” ; ” )

cord . wr i t e ( ”#d e c l a r e Q = ” + str (Q) + ” ; ” )
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cord . wr i t e ( ”box{ <0 ,0 ,0> , <W, 15 , Q>\n” +

”pigment{\nimage map{ jpeg \” SolarPane l2 . jpg \”}” +

” rotate< 90 , 0 , 0>\n s c a l e <960, 0 , 624>}” +

”\ nt rans l a t e<−W/2 , 0 , −Q/2>\nrota te <” +

str ( e l evat i onAng l e ) + ” , 0 , ” +

str ( azimuthAngle ) + ”>\n” +

” t r a n s l a t e <” + str ( new xPoint ) +

” , ” + str ( new yPoint ) + ” , ” +

str ( new zPoint ) + ”>\n}” )

cord . c l o s e ( )

Listing B.5: outputPointsStatic()

#Draws s t a t i c c y l i n d e r s or spheres at the g iven <x , y , z>,

#type i s ” sphere ” f o r sphere annd None f o r c y l i n d e r . . .

def outputPo in t sSta t i c ( xList , yList , zL i s t , rad ius , co lo r ,

type=None , t ex ture=None ) :

path = f o l d e r p a t h + ” s t a t i c . i nc ”

cord = open( path , ”a” )

cord . wr i t e ( t ex tb reake r + ”\n” )

cord . wr i t e ( t ex tb reake r + ”\n” )

cord . wr i t e ( t ex tb reake r + ”\n” )

xL i s t = [−1∗x for x in xL i s t ]

#yLi s t = [−1∗y f o r y in yL i s t ]

#o f f s e t s the <x , y , z>

for k in range ( len ( o f f s e t x ) ) :

new xList = [ x + o f f s e t x [ k ] for x in xL i s t ]
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for j in range ( len ( o f f s e t y ) ) :

new yList = [ y + o f f s e t y [ j ] for y in yL i s t ]

new zList = [ z for z in z L i s t ]

i f type i s None :

i f t ex ture i s None :

for i in range ( len ( xL i s t )−1):

cord . wr i t e ( ”\ ncy l i nde r {\n<” +

str ( new xList [ i ] ) + ” , ” +

str ( new yList [ i ] ) + ” , ” +

str ( new zList [ i ] ) + ”>,<”+

str ( new xList [ i +1]) + ” , ” +

str ( new yList [ i +1]) + ” , ” +

str ( new zList [ i +1]) + ”>,” +

str ( rad iu s ) +

”\ ntexture {\nPolished Chrome\n” +

” f i n i s h {\n phong 0 .35 ” +

” r e f l e c t i o n 0 .3\n}\n}\n}” )

else :

for i in range ( len ( xL i s t )−1):

cord . wr i t e ( ”\ ncy l i nde r {\n<” +

str ( new xList [ i ] ) + ” , ” +

str ( new yList [ i ] ) + ” , ” +

str ( new zList [ i ] ) + ”>,<” +

str ( new xList [ i +1]) + ” , ” +

str ( new yList [ i +1]) + ” , ” +

str ( new zList [ i +1]) + ”>,” +

str ( rad iu s ) + ”\ ntexture {\nChrome Metal\n” +

” f i n i s h {\n phong 0 .35 ” +
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” r e f l e c t i o n 0 .3 \n}\n}\n}” )

else :

for i in range ( len ( xL i s t ) ) :

cord . wr i t e ( ”\nsphere {\n<” +

str ( new xList [ i ] ) + ” , ” +

str ( new yList [ i ] ) + ” , ” +

str ( new zList [ i ] ) + ”>, ” +

str ( rad iu s ) + ”\ ntexture {pigment{ c o l o r ” +

” Yellow ” + ”} f i n i s h { r e f l e c t i o n 0 .5 }}\n}” )

cord . c l o s e ( )

Listing B.6: outputPointsDynamic()

#Draws dynamic ( which change wi th time ) c y l i n d e r s or spheres at the

given <x , y , z>,

#type i s ” sphere ” f o r sphere annd None f o r c y l i n d e r . . .

def outputPointsDynamic ( xList , yList , zL i s t , rad ius , co lo r , dayTime ,

type=None ) :

f i l ename = str ( dayTime . month ) . r j u s t (2 , ’ 0 ’ )+ ’ ’+

str ( dayTime . day ) . r j u s t (2 , ’ 0 ’ )+ ’ ’+

str ( dayTime . hour ) . r j u s t (2 , ’ 0 ’ )+ ’ ’+

str ( dayTime . minute ) . r j u s t (2 , ’ 0 ’ )

path = f o l d e r p a t h + ”dynamic ” + f i l ename + ” . pov”

#pr in t f i l ename

i f not os . path . e x i s t s ( path ) :

cord = open( path , ”a” )

cord . wr i t e ( ’#inc lude ” header . inc ” ’ )
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cord . wr i t e ( ’ \n#inc lude ” s t a t i c . i nc ” ’ )

cord = open( path , ”a” )

cord . wr i t e ( t ex tb reake r + f i l ename + ”\n” )

cord . wr i t e ( t ex tb reake r + f i l ename + ”\n” )

cord . wr i t e ( t ex tb reake r + f i l ename + ”\n” )

xL i s t = [−1∗x for x in xL i s t ]

#yLi s t = [−1∗y f o r y in yL i s t ]

for k in range ( len ( o f f s e t x ) ) :

new xList = [ x + o f f s e t x [ k ] for x in xL i s t ]

for j in range ( len ( o f f s e t y ) ) :

new yList = [ y + o f f s e t y [ j ] for y in yL i s t ]

new zList = [ z for z in z L i s t ]

i f type i s None :

for i in range ( len ( xL i s t )−1):

cord . wr i t e ( ”\ ncy l i nde r {\n<” +

str ( new xList [ i ] ) +

” , ” + str ( new yList [ i ] ) + ” , ” +

str ( new zList [ i ] ) +”>,<” +

str ( new xList [ i +1]) + ” , ” +

str ( new yList [ i +1]) + ” , ” +

str ( new zList [ i +1]) + ”>,” +

str ( rad iu s ) +

”\ ntexture {\nChrome Metal\ n f i n i s h ” +

”{ r e f l e c t i o n ” + ” 0.5}}\n}” )

else :

for i in range ( len ( xL i s t ) ) :

cord . wr i t e ( ”\nsphere {\n<” +

str ( new xList [ i ] ) + ” , ” +
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str ( new yList [ i ] ) + ” , ” +

str ( new zList [ i ] ) + ”>,” +

str ( rad iu s ) +

”\ ntexture {pigment{ c o l o r ” + ”Orange” +

”} f i n i s h { r e f l e c t i o n 0 .5 }}\n}” )

cord . c l o s e ( )


