Creating a Pave Set Eternity Band

an exercise in Rhino 3D's
Grasshopper
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Introduction

Welcomel This tutorial introduces
parametric modeling using Rhino 3D and
its popular Grasshopper plug-in. Learning
Grasshopper should allow you to model
more efficiently.

Although the subject matter is jewelry, this
exercise is about learning to use several of
the Grasshopper components that can be
applied to modeling in general. For the
jewelry designer, parametric modeling can
be a real time saver as certain
measurements (ie finger size, thickness,
width, amount of stones, etc.) and
aesthetic components need to be adjusted
often.

Moving forward | will refer to Grasshopper
as GH.

It is not necessary to know GH to follow along. Although | will only briefly introduce each
of the many components we will use throughout. This exercise is meant to spark interest
in those that are intimidated to open GH. It is by nho means comprehensive.

My hope is that those who have never even opened GH will be able to follow along and
see its potential. | want to motivate and encourage further learning.

Below is a snapshot of the GH canvas we will be creating. It may seem overwhelming at
this perspective but each step is very manageable and very similar in approach to
building it entirely in Rhino 3D. As one learns GH they should see that it is an amazing
plug-in that works hand in hand with Rhino and will save fime in the long run.

Let's begin...

= [ > ==
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File Preparation
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o Start by opening a new file in Rhino using the Small Objects - Millimeters template. Then
Launch GH.
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| like to set up my GH Canvas to the right half and adjust the Rhino Viewports and Tool Panels
accordingly. | set up my Layers as above. However | suggest you set them as you prefer. We

o will eventually create some geometry in Rhino that we will use in GH. Then we will use GH to
Bake the altered geometry back into Rhino.
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File Preparation

Grasshopper - unnamed

File | Edit View Display Solution Help

New Document N Ctrl+N b
5 Open Document... b Ctrl+O
Recent Files 3
| E Save Document Ctrl+S |
Save Document As... Ctrl+Shift+5S -
Save Backup Ctrl+Alt+S |
1
ort Quick Image...  Ctrl+Shift+Q
8 Export Hi-Res Image...
Document Properties...
Create User Obiject...
Insert Cluster Into File...
Show In Folder
E Special Folders 3
Preferences... Ctrl+Shift+P
Close unnamed Ctrl+W

o Create a New Document in GH via its Main menu bar.

File Edit View Display Solution Help MetaHopper

Params | Maths Sels

urve Surface  Mash  Intersect

0 ©20 00 0
@ 800 00 @0

Transform  Display

MeataHopper Human unchBox Elefront User

Primi
A > B

Save bath your .3dm (Rhino) and your .gh (Grasshopper) files separately. Those new to GH

o may be unfamiliar that you are creating a separate file that works within the GH Canvas. | used a
similar file name for each. They can even have the same name as they will have a different file
format.
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The Ring Rail (Finger Size)

\ Edit View Display Solution Help MetaHopper

Params | Maths Sets Vector Curve Suface Mesh  Infersect Transform  Display HumanUl  Kangaroo2  MetaHopper Human  LunchBox
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vinV7 Value List

Provides a list of preset values to choose from
( Vaw) one W)

The tools for GH are called Components. They are found in the Collection of components
(below the Main menu bar). Click and drag the required component onto the GH canvas. As
you get to know their names you may load each component using a short cut, which is to
double-click the canvas and type its name into the resulting search box.

When introducing each new component | will reveal its location within its Category tab in the
collection. Cirl-Alt-Click on a component (already on the canvas) to reveal its "home" location
with red finder arrows.

We begin by creating a list of ring sizes. This will allow Value List Constants k‘x
us to adjust our model's ring rail diameter at any time

o moving forward. For this lesson, | used data from the g 5 z g ‘ég ~
International Chart of Finge_r Ring Sizes (by Gary 3 - 14.07
Dawson) offered at food4Rhino. 3.5 = 14.48
4 = 14.88
Our first component for Rename here 4.5 = 15.29
this project is the Value — 5 = 15.7
List (see above for its [ o 5.5 = 1l6.1
location). Once you dra e T 6 = l6.51
; ) you drag (@ preview 6.5 = 16.92
it onto the canvas right @ Enabled
click on it to reveal its S Bake.. ! = 17.32
. . , 7.5 = 17.73
settings. Select Edit... so Chedk List _ )
[¥] Dropdown List 8 = 18.14
o that you may enter each S 8.5 = 18.54
ring size and its diameter oy ,:YZE 9 = 18.95
equivalent into the Value @ Help. 9.5 = 19.35
List Constants box. 10 = 19.76
10.5 = 20.17
Enter each equation on separate lines just as you see 11 = 20.57
above. Press OK when done. Rename the component 11.5 = 20.98
"Ring Size". We now have a component that converts 12 = 2L1.39 v
ring size to a value that represents our ring rail diameter.
OK Cancel
From the drop down arrow set the Ring Size to 7.
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The Ring Rail (Finger Size)

\ Edit View Display Solution Help MetaHopper
Surface Mesh Intersect Transform  Disp

0 000 0000 © O@OCoD
23 0200

@ Q60 00 O

6 bl [50 i@y

@ Number

W7
Contains a collection of floating point numbers
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17.32

[ Ring Size 7 vb

It's good practice to use a Number component as a container. Although it is not necessary here,

o now is a great time to introduce it. Connect the output node from the Value List component to
the input node of the Number component by clicking and dragging out a wire between them.

File Edit View Displun Help  MetaHopper
Intersect  Transform  Display Human Ul  Kangaroo?  MetaHopper Human  LunchBox F
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& Circle

A

Create a circle defined by base plane and radius.

|'1'hig component ran once.

Ring Size 7 v

Now let's use our number to create geometry with a Circle component. Plug in our Number

output into the Radius input.

E You may have noticed, however, we have a number which represents the circle's diameter not
radius so we shall have GH do some math (or Maths as the case may be) next...

P97
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The Ring Rail (Finger Size)
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m Panel

A panel for custom notes and text values

[Dnuhle click to edit panel content.. ]

v7

[ Ring Size 7

First we will display our number. We can do that with a Panel component. This is a very versatile
component as it can be used to input values and display oufput data as in this case. We attach it
to the Number output node.

It is also useful to relabel or sometimes remove the label altogether. Here | renamed the

component "Diameter” (right-click the component to do so). We can move it off to the side (or
up) as it is only used for our reference.
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Mathamatical division

‘This COmMponent ran once. |

zhi
" @ Commit changes
© Cancel changes

.» Panel

"2

The Division component is needed to divide our number in half (converting diameter to radius).
We want our diameter as the Dividend (A) and our Divisor (B) is 2.

o Plug the output from the Number component into the A input node. Then we may right-click on B
input to enter "2" in the Set Data Item field or connect another Panel component with 2 in it. |
prefer this method so | can quickly see it later if needed.

NOTE: A quick way to create this panel would be to double-click the canvas and type "2
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The Ring Rail (Finger Size)
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Only draw preview geometry for selected objects

So let's check our progress in Rhino. First before
things get really confusing we want to set our
preview. | like to set GH to only draw geometry
when a component is selected. You can quickly
select this mode in the Canvas toolbar located
below the Collection of components.

With the Circle component
selected we should now see
a preview of our work in

Rhino.

For this exercise, we want
to model our ring vertically

so we need to change the

plane to the XZ. Hover over
the Plane input of our Circle
component and you should

see it is currently set for XY.

File Edit View Di

Params Maths Sets | Vector | Curve Suface  Mesh

Intersect

Solution Help MetaHopper

Transform  Display Human Ul Kangaroo2  Metal
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R 2 Xz Plane

World XZ plane.

To change the plane all we need to do is drag an X2 Plane component and plug it into the Plane

©

input of our Circle component and we have ourselves a functioning finger rail.

Play around with changing the Ring Size in the Value List component's drop down list. However,
set it back to 7 before we proceed so we are all on the same page.
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The Ring Thickness
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Similar to Rhino, to create the thickness of the ring, we use the Offset Curve component. We
want to feed it three things.

o For the Curve input we connect the Circle component's output. We want the XZ Plane again and
we can draw out another wire from the component already on the canvas (see below). Feed that
into the Plane input.

\ Edit View Display Selution Help MetaHopper

Params | Maths Sels face  Mesh  Intersect  Transfom Jisplay Human Ul Kangaroo? — MetaHopper Human  LunchBox

(x XoloTe] 090@ Qo0 QCoo@NEN =
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Slider: Ring Thickness

Properfies
Mams Ring Thickness
Expression
G Style Shapa & Tax w
Slider acouracy
Rounding R N E 0
Digits 2]
For the Distance input we will use a Number Slider component. ’
This will allow us to easily tweak the value later. For now we will Murmeric dormain
set it to 2.00 with a Numeric domain from 1.00 to 3.00. Min - 100
=4 + 300
If you double-click on the component it will open its dialog box [Range 2 00
o allowing us to adjust its domain, current value, and its accuracy. If R
we want decimals we need to set the Rounding to R (Floating s A 0
Point numbers). For 2 decimal places set the Digits to 2. o
Finally rename it to Ring Thickness so we know what the value 5 ]
represents. When everything matches our example click OK. @
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Building the Ring's Profile
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Evaluales a curve 3l 3 specilc location

There is a wonderful component called Point On Curve. We can
use this to get a point along the curve. For instance a value of .250
would place a point exactly at the quarter mark of the curve.

As | am accustomed to building a profile at "6 o'clock” we want the
0 three quarter mark (.750). Slide the slider appropriately or right-
click and select 3/4 (three quarters).

HINT: Zoom in for fine adjustments.

File  Edit Uw& Solution  Help  MetaHopper

Pamms  Mats  Sols | Veoor | Cune  Sutco  Mesh  inlasect  Tmnsbem  Display  Humanli o Kangarc?  MelHoppsr  Human  LunchBox  Elohont  Usar
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For the width of our profile we need to define two points.

o First lets drag the Construct Point component onto the ::.“w ; Woo
canvas. oo ; o009 [
Rangs 400
Next we need to feed it two points in the Y coordinate MR vk _
input so we can drag in another Number Slider . = - “”I
o component that we will label Ring Width. | set the .
domain from 2.00 to 6.00 and we will start with 4.00 for oK Cancel

the Numeric value.
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Building the Ring's Profile

Ring Size

Creating a profile in Rhino, may start by using a Single Line cmd (from Y=0) using BothSides in
the command line, then entering a half value of the line's length. The concept is similar in GH.
As we have a number representing the width of our profile we can simply divide that number for
our positive Y coordinate and find its negative result for the negative Y coordinate.

We already know how to divide using the Division component and it already has the correct
Divisor of 2. So lets copy that by selecting both and dragging them down the canvas. While

dragging tap the Alt key. Next connect the "Ring Width" slider into the A input. This will replace
its previous input.

. fk\’nm Display  Sohfion  Help  MataHoppsr
o For the negative result we use a T

: Uns. NENCDEE #7 55 A
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Value [=X] Resulr
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-
£ X coordinate
¥ coordinate ‘\E} Paint
2 coordinate

To combine both numbers let's feed them both into a Number component. You can do this by
connecting a wire from the Division output into the Number input. Then do the same from the
° Negative Result oufput but this time hold the Shift key. This allows us to connect multiple inputs

to a node. Plug in the Number output into the Y coordinate input of the Construction Point
component.
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Building the Ring's Profile
e N
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We now have two points with assigned Y coordinates.
Now we need to set their Z coordinates to the finger
rail's "6 o'clock”. First we will use a Move component.

If we plug in our Circle output into the Geometry input of

o the Move component and use our points Y coordinate
data we create two additional circles representing the
ring's width. Connect the output of the Construction
Point component into the Motion input.

Now we need each circle's point at "6 o'clock” and we have done this operation before with...

| File Edit View Display Solution Help MetaHopper
Params  Maihs Sets  Vector Curve  Surace  Mesn  Indersect  Tramsform | Display HumanUl  Kangarcoz  MetaHopper Human  LunchBox  Elefont  User

|S>Du PP AHE O NALIZH AP ARNOBYN WA S SEH X &
@ bz &&»H & 88 FAETE SR VEROP Y48 & K ¥
V._." @ - 14

€ *coordinate
)=t ¥ coordinate qf Paint D
( Zcoordinate

the Point On Curve component. Let's copy that and plug

in the resulting Geometry from the Move component.
o With both selected we see in Rhino that our profile is
beginning to take shape.
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Building the Ring's Profile
SR T
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Components house data that we feed into them. GH has multiple ways of sorting and retrieving
the data we need for our project. In our last component (Point On Curve) we have multiple
coordinates (hover over the component to see).

o Also, notice that there are double lines between the last three components. These represent a
list of data rather than a single data source.

To separate data on a list we can use a List Item component and add outputs by zooming in until
you see the Insert Parameter button. Add one more item.

Grasshopper - PaveSetEternity
File Edit View Display Help  MetaHopper

Params Maths Sele Vector Curve | Surface Mesh Intersect Transform Display HumanUl Kangamo2  MetaHopper Human  LunchBox  Elefol
VLD Y0u 7 ¥3¥» » & 4(DF AL B pES 0@ I
FEO PR FERS 7 F AEPP OBRY THD

A H@eus o

Create a line between two points.

Now lets use our two separate coordinates to draw a line.

Using the Line component we plug one ltem output into the
o Start Point input and the other Iltem output into the End
Point input.
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Building the Ring's Profile

To shape our profile further we
can use the Move component

o on our "width" points. Bring the

[
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Move component to the canvas [6d =

twice.

For their Motion input we want
to add a Unit Z component. This
0 will establish a vector along the
Z-Axis (moving the points up or
down depending on the value

we feed it).
Let's create another Number Slider to do so. M o =
As we don't want to move these points higher (into the finger) = R E .
we set the Max domain to 0.00. Set the Min to -3.00 and R

@ Numeric value to -1.75. = : s
| called it "Profile Shape" as it is more about aesthetics than l»-v-;m ..-”
precise measurements. Plug the slider into the Factor input e
of the Unit Z component. o] e

Hew

ik
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Using the same method as before we will connect the
points by drawing two lines. We use the Line
component twice more and pair each previous point to
their respectively Z-franslated counterpart.

With all three Line components selected check your
progress in Rhino. Should you have different results

(like a diagonal line) you most likely have your wires
crossed (literally).
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Building the Ring's Profile
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Let's close the bottom of our profile with an arc.
Using the Arc 3Pt component we plug in Point
A and Point C using the output from our Move
components. Point B comes from the output of
our first Point On Curve oufput.
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Moving forward we want our profile to have a degree of 3. So
next | rebuild all the curves separately before joining them. We
can do this with a few Rebuild Curve components.

It is highly unlikely that we would want to change the Degree or
Count (number of control points) but | chose to use a number
slider to enter values of 3 and 4 respectively.

After setting up the first, copy the component 3 times then plug
each curve into one Rebuild Curve component respectively.
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Building the Ring's Profile
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Now use the Join Curves component but it works best to join the lines first then run the
component a second time adding the arc.

Always check your output (hover over the Curves oufpuf) as it needs to be one Closed Planar
Curve.
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Now we can fillet the curve to our liking. Drag in

the Fillet component. The radius can be changed

later so we want to input a Number Slider (with 2
@ decimal places) for the Radius input.

Check your progress by selecting the Fillet
component. Here | have also selected the ring rail
Circle component to preview both simultaneously.
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Building the Ring's Profile
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To create our ring's surface we can use the Revolution
component.

You will need to set an axis and | find quickest way to do
that is to right-click on the Axis input then draw a line in
the Top Viewport in Rhino. The Start of line = 0. End
of line = Shift-click 1 unit along the Y-axis.
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(& project

Project an object onto 3 plane.

Surface.

Check your results by hovering over the output. | get an Invalid
Brep. What's a Brep? It stands for boundary representation
and it is a combination of multiple surfaces. You will use them
often but what we are looking for here is One Untrimmed

Let's project our curve onto a plane using the Project component
and see if that fixes it. We want to project (flatten) it onto the YZ
plane so we use a YZ Plane component from the Plane panel in
the Vector tab.
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Building the Ring's Profile
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I Flip

Flip the normals of a surface based on local or remote geometry

@ Surface

Brep representing the revolution result.

Untrimmed Surface

value..

Success! We now have a surface we can bake. But our
0 preview is amiss as our normals are flipped. Let's straighten
those out with a Flip component. It should now look like the

image below.
\ Edit View Display Soltion Help MetaHopper PaveSetEtemity
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Let's end this section by /abeling and grouping. To place

a label on the canvas we use the Scribble component.
E Double-click it and change the name to "Band". To

group the components select both and type Citrl-G.
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The Stone Layout

To begin we need to define the
area on the ring where we want to
place the stones. We can use the
arc of our profile to define this
area's width. Let's use Point On
Curve to find points around 1/5th
into the arc from either side. Here, |
begin with .210 and .790. We will
adjust these later when the stones

are in place. Plug those

another Arc 3Pt component and

create a new arc.

For the stone layout we are going to use a component called
Sporph. This process is similar to how we would use the
Flow Along Surface command in Rhino. The idea is to
unrolf the 3-D area we want the stones, beads, and cutters
so that they can be applied to points in UV space (2-
dimensional), then assign those points to the nearest 3-
dimensional space once it is "rolled" back into a ring. While
there is a little stretching involved it can be minimized by
applying it to half the ring then mirroring that to keep its

symmetry.
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i EdE View
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rie  fFERS
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% Fip Curve
Flip a eurve using an optional guide curve:
| P —

( End Paint

 start Point
& Line

Pointh  Arc
PointB Y Plane D
Paint C Radius D

You are most likely familiar with normals not always pointing in the direction you want them. This
is because the directions we choose to build our elements of a surface may not always be in

@>

union with one another. No worries, we often, and easily change their directions.

We will eventually need to flip the normals so that the tables of our diamonds face outward. | find

it easiest to flip our curve now. Use the Flip Curve component to do so.
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The Stone Layout

Next we want to use the
Revolution component again.
Set the Axis input as you had
previously (see pg 18; step
19). Here | only want half a
revolution (180°).

=
Frn®o A
—— T

| Karguens  Wesibpper fumn  Linchlin Do L
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<59 9300
$1  Construet Domain
\ =
Curves
Curves Curve
J / asore wlwwm

7/ (i Rodes |

P —

q Point & A D I
g Point € Radis ) Degree
~ ] ot 3 cune

/

7

Paint A Arg 2
FointB % Plane ) ¢
Point C Radius

We assign this by plugging a Construct Domain
component into the Domain input. The Domain start
remains 0. For the Domain end we want to use T (Pi)
not 2 11 (the full circumference).

Simply create a Panel with "Pi" (double-click on the
canvas and type "Pi ).

Simultaneous to building our 3-D area
we need to create a source 2-D space
for our point layout. We start this
process in 3-D space first as we need
a flat-ribbon representation of the
space that we will unroll next.

©

We will simply take the end points of our arc and
connect those with a Line component.

Then copy our Revolution component and plug in the
same Construct Domain component.

NOTE: It is not necessary to flip this line.
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The Stone Layout

Our next component that | have alluded to
is Unroll Brep. It is from the LunchBox
plug-in for Grasshopper. Here is the link to

install it:
https:/iwww.fooddrhino.com/en/app/iunchbox

Plug in your "flat-ribbon" surface.

S Repacareniae

e —

(i By 3

Brey
" @ unrolled Brep D

Q Join Unsalled

3 & mEH coniBss D oa
i EEDE nods 2 0G0
| T ——

& Unrall Brep

Uniroll & brep o1 surtace

Follow this with a Boundary Surfaces
component. Finally right-click on the
Surfaces ouiput and select
Reparameterize. This is necessary to
convert our points into UV space.

Reparametrize allows us to take incoming data and reassign its domain values from0to 1. Itis a
valuable short cut that helps us to select data in percentages. For instance, if you reparameterize values
of 0 to 500. The value of 725 now becomes .25 (25% of 500).

Next we need to figure how many diamonds.
This depends on their size and ring size, width,
and thickness. For this exercise, the client
wants to use several one-pointer diamonds.
This refers to 0.01 carat weights which is
roughly 1.3mm. I'll add a little more for variances
so we will use a fixed measurement of 1.35mm
for our stones. Knowing this and our current
finger size, thickness, and gaps between stones
and we come up with a number of 48.

We use an Evaluate Surface
component to convert the points that
will represent the locations of our
diamonds.

As we are working with half of the ring
there will be an overlap at the top and
the bottom. Therefore we want to
have 25 stones mirror them and then
subtract the two duplicates.

o | Sutwor | M

Ne 9od4H »% » o> @n PEESR AN @ ¢ @ GIH &
&P OOE wih & O S EMOFX F4 43RG
[=—Fr———]
150% [ -
Ol Ll & Evaluate Surface
[ Q::erm}\
N E— <lawm:ll:®mum’f :;’"“Dm’" ap

Furthermore, our input needs to be 71 less than what we might think because of the way GH
properly divides the space. Therefore we want to to create our points using the displayed

method above. | will break it down next...
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The Stone Layout
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|

First we need a Construct Point component. Now say | want three rows with 25 diamonds
each. We can use a Range component to supply our points. This component allows us to set
Steps which divides our Domain (0-1). Because there will be a point on either end of our step
(division) we will have one additional point.

o So we use the Subtraction component. You don't need to subtract if you set your Number
Sliders to 2 and 24 but then labeling them becomes an issue.

Feed your Stone Rows Range into the X coordinate input and your "Partial Stone Count”
Range into the Y coordinate input.

-
X coordinate e« Point
=
[®) ¥ coordinate q} Pyint %a
Z coordinate
© roint

Point coordinate

75 lecally defined values..
0} (N = 3)
1} (N = 3)
2} (¥ = 3)
3} (N = 3)
4} (N = 3)
(N = 3)
6} (N = 3)
7} (N = 3)
B} (N = 3)
79} (m = 3)

=
o000 00000
wn

4
{070:24} (N = 3)

® aon I

Data inside this parameter is grafted

Turn on Graft (up arrow) for the Y coordinate input. The illustration above shows our points

without grafting (/eft). This has a total of 25 points. Our goal is to have 25 groups of 3 points for a

total of 75 points (right). Grafting is a way to group our data differently. Grafting either the X or the

Y coordinate (not both) will group our points in a way that gives us 75 points.

o Grafting the X coordinate input and not the Y will organize our data in 3 rows of 25. This may
sound perfect, however, so that | may use a future component, | want to graft the Y coordinate
input and not the X. It should make more sense to you as we proceed.
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The Stone Layout

\ Edit View Display Selution Help  MetaHopper

Params | Maths Sets Veclr Curve Suface  Mesh  Indersect  Transiorm  Display Human Ul KangarooZ  MetaHopper  Human  LunchBox  Elefront  User
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o Point

Contains a collection of three-dimensional points

Brep
@ unrolled Brep D

Join Unrolled t T
Paint =
9 (nfp i Normal D
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4@ ¥ coordinate )} point Poeaq point ¥ direction b
q 3 I

Z coordinate Frame

We need to hook up a Point component to the Point output of our
Evaluate Surface component. This is a container that will store the
data of our 75 points.

We often want to flatten our data which will change the way our
points are organized again. It sort of "ungroups" them into a single list
of data. Flatten the Point output.

File Edit View Display Sohution Help MetaHopper PaveSetEtemity

1111111 e o B o o o Cpna e [ e v s | oty ) e 8/ By e e e s s

|esi¢ “ETHIT LA GLHO SO B 9e
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L ocder 4)  Dewmos &) Omein ) Pedew 4 e 4

B S0 ® A Q@I.I .alo Q@-
353 Point List

Displays details aboul lists of points

X coordinate
@ v di q} Point P e
€ 7 coordinate

One of the most valuable tools for helping understand
when to graft and flaffen your data is the Point List
component. Bring that in and supply it with the point
o data. This will number the points in 3D space in order
they are listed. You can change the size of the
numbers by setting a value for the Size input.

Notice how the numbers correspond to their point. Look at the difference in the list if you turn Flatten
back off or changing the way we previously graffed our data. Afterward be sure to set everything back.
We want our numbers to look like the above example.
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The Stone Layout

File Edit WView Display Solution Help MetaHopper \
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Deforms an object from a source surface lo a target surface

A7 Unrolled Brep D

Point

( Surface ]

d U direction

W direction
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)
X coordinate
xY
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We have finally arrived to the crux of our project. The Sporph component allows us to bring our
flattened points back into the 3-D realm. Connect our flaftened point data into the Geometry

input.

Similar to Flow Along Surface we need a reference for the Base input and one for our Target
input. Good news! They are done already. Mostly...

[+

\ Edit View Display  Solution Help  MetaHopper
Ka

0 000 0920 ¢ 00 0C00 s WEN SHe0 PEE 4 @ B8 «
© 060 Q@ 06 #O00 H 08" WOWL MEE »--0 0@

@ Surface

Contains a collection of generic surfaces

We are going to take Unrolled Brep output from the Unroll Brep component and feed that into
our Base input (set it to Reparametrize the data).

Next we are going to connect the Surface ouiput from the Revolution component (step 3; pg 21)

to a Surface component. Reparameterize the incoming data. Plug the output into the Target
input.
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The Stone Layout

File Edit WView Display Solution Help MetaHopper
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Set Multiple A8ints
Manage Point collection
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Clear values
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Extract parameter

@ Help...

The Parameter Inputs need to correspond. This represents UV space (similar to picking near a
corner for Flow Along Surface). Here | want to set both to (0,0,0).

| chose to use a Point component. Righi-click and select Set one Point. Create a 0,0,0 point in
Rhino. Plug the Point into both Parameter inputs.
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We want to shift the points in the middle row so that our
diamonds are staggered from each other. Here | use the
Dispatch component to split our point list based on a
pattern.

Remember how we set up our grafting? Rather than 3 rows
of 25 we have 25 sets of 3. Now we can retrieve our data
using a simple pattern. | want to dispafch data (the middle
row) into List A output that we can manipulate further.
Look at our Point List. We want 1,4,7,70,713, etc...
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The Stone Layout

- o 5
We Set Multiple Boolean (right-click) j | | -
to False, True, False. Through a Dispatch pattern
boolean paftern we are directing the e lDepRy '
component to dispatch all True to @ Prindpal
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& Flatten
a The pattern begins with False at 0. L f:ftm
Then 1 = True and 2 = False. Cycle v Inv:'t !
through again and 3 = False, 4 = i ot Bl ,
True, 5 = False, and so on. Our List — = Set Multiple Booioas ;
A becomes the midd/e row, while g:;}ze Manage Boolean collection
List B is everything else. T e
Internalise data
Extract parameter
@ Help...

B = 5
e Commit changes
° Cancel changes
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Now that we have our List A output we want to plug it into the Rotate component (Geometry
inpuf). Note that GH work natively with radians not degrees. Be sure to change the Angle input to
accept Degree data.
We want to stagger these points midway between the points on the edge rows. To do this we
divide 180 by our Count-1 (24). Then divide that in half again. In this case it is 3.75 degrees.
Plug this into the Angle input.

Pavé Set Eternity Band | Christopher Mendola | September 2021 pg 27



The Stone Layout
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You will notice that this rotation has moved our 0 point
past the Y-Axis (our symmetry line). If we were to
mirror this we would have a duplication issue. If we
remove this point we will be in good shape. It will also

@ leave us with 24 points. Mirror that across the Y-axis
and and you will have 48, just what we wanted.

Use Cull Index to remove an item from a list. Set
Indices to 0.

Grasshopper WgaveSetEtamity* [
| File Edit Display Solution Help MetaHopper PaveSetEte
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Merge a bunch of data sireams

We need to use a Merge component to merge all
data back together so we combine List B output with
@ our latest "Culled list" data. We want to flatten the

Result so we have a Point List that looks like
above. Notice after flaftening we have points 0-73.
This is one less than what we had.
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The Stone Layout
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OK. We have our point locations set. The final thing we need to do for our point layout is prepare
the normal directions for our stones or here specifically we will use the Frame output of another

Evaluate Surface component.

Without this information all of our stones would be oriented in the same direction: up. Again we

plug the surface from (step 3; pg 217). Our points need to be UV coordinates and not the 3-D
coordinates we currently have in our list. So...

&P OBH Y ()]
T — S — U S— —
i ol e oo =209 B3
: - d Surfoce Closest Poinl '
Find the closest pomt on a surfacs
Paints.

Paint

Surface el

@ u direction

W direction
Frame

R

Paint.

List

s
L indices [lhg st

Wrap

@

=

...we insert a Surface Closest Point component to get
our UV coordinates. The Surface input is yet again the
one from (step 3; pg 21). Plug our merged point Result
into the Point input.

Now take the UV Point output and plug into the Point
input of the Evaluate Surface component. Use a Point
List to check that we are on track.
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Arranging the Stones
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We use Rhino to bring in or create the round stone source, prongs, and cutters. Start by
importing your favorite 7mm round stone. Bring it into our Source Diamond Layer.

LA

With our stone selected we are going to use the Brep component and right-click to Set one
Brep.

Geazshopper - PaveSatEtermity®
File Edit View Display Soluion Help MetaHapper
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Point
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@ direction

point  Vdirection

Now let's orient our stones. Bring in an Orient component.

o Plug our Brep into the Geometry input. Then the Frame

output into the Target input. The Source input comes in
as World XY, which is what we want.
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Arranging the Stones

Remember we are
using 1.35mm stones
so go ahead and
change the size and
do your best to keep
its girdle on the axis.

| like to use the
BoxEdit panel for
this. Notice we can
make changes in
Rhino (to our
geometry that was
assigned as a Brep in
GH) and the preview
will update. This
comes in very handy
as we arrange our
stones.
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Grasshopper - PaveSetEtemity®
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Mirror

Mirror an object.

We are ready to mirror our stones using a Mirror
component. But remember there is going to be some
duplicates. So we need to remove those on the part
we mirror...

Pavé Set Eternity Band | Christopher Mendola | September 2021

pg 31



Arranging the Stones

O P aeameny W
M source G indices [h List L—d Geomelry 2o Geometry
g Transtorm B "'d"[? ‘ Plane . Transform
play »

‘Wire Displ
& Princpal
B Reverse
@ Fatten
& Cull Index @ Graft

M simplify
& @ Fxpression

Set Integer
Set Muiple Integers 1
Manage Integer collaction e

Clear values 1
Internalise data

Extract parameter
@ Help..

= & =
@ cCommit chang
@ Cancel changes

|

...using a Cull Index component again. This time we
will remove multiple data points.

o Using the Point List we set up previously we can
target the points to remove (cull). Type in 0, 1, 48,
and 49 on separate lines after you right-click to
access Set Multiple Integers.

Grasshopper - PaveSetEternity*
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Geometry Geometry

o Merge

Merge a bunch of data skeams

Plane Transform

Use another Merge component to combine
o the original data with the culled mirror data.
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Arranging the Stones
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Now, say you want to check your stone count. At this point, we have solid geometry and not the
points we had been accustomed to. So how can we use our favorite Point List component?

| like to use a component called Volume that, besides its volume information, will give us a

Centroid. These are the volume center points that can now be referenced by the Point List.

@

Geometry m’
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Result
Bake...
Disconnect »
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Simplify

Help...

T

Again we will want to flatten our data so that everything
makes sense. We now see there are 144 stones (0-143).

| like to highlight my bake-able components

with the Merge component.

Now, on to the next section...

so | can quickly find them. So | use the
Scribble component for a label and group
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Creating the Prongs
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Creating the Prongs
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Creating the Prongs

|Brap

Y

e\

HRE®

Preview

Enabled

Bake...

Runtime warnings
Wire Display
Reverse

Flatten

Graft

Simplify

Set one Brep

Set Multiple Breps .

L]

Manage Brep collection

Clear values
Internalise data

Extract parameter

Help...

o In GH use another Brep component and this time select Set Multiple Breps by righi-clicking.

l’-(r Geometry

( Source
Target

Geometry

Transform

Data inside this parameter is grafied

Copy the Orient component from your Diamond Brep. Plug in the Prongs Brep. Because we have

o Multiple Breps we will want to Graft the incoming Target data. This should give us a result like

the above illustration.
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Creating the Prongs

Fle Edit Wiew Display Solution Help MetaHopper \

Params Malhs Sels Vector Cwve Surface Mesh nlersect | Transfom | Display  Human Ul Kangaroo2 — MelaHopper  Human

SW dBY #1238 O ~ AP AHOBIO WA S SEH & &
Gk &% £ FETE PR VEHRQU Y48 & X ¥
[ awe o] Amy ] Euwhdeen < T
208% RA.®-
ae = 4 g Rotate 30
@. Rotale an cbject around a center point and an axis vector.
Geometry Geometry
Source
Target Transform
Geometry
Geometry
E] Angle
Center dg
Transform
Axis

Now we need to shift our prongs over so that they surround our diamonds. To avoid distortion we
should do this GH and not Rhino. Like our stone, we built them centered on the Y-Axis so when
o we rotate them in GH they should always remain properly aligned with our surface normals.

Use the Rotate 3D component and set your Angle input to Degrees.

=

;g e = -

J

End point of vector
End paint of ve

s

EpEREE
. o
ES

Manage Vector collection

Ciear values

Extract parameter
0 Help.

Right-click on the Axis input to Set one Vector. This time rather than drawing a line, use the short
cut and select Unit Y in the Rhino command line.

o We want to rotate our prongs the same amount as our middle row of diamonds. So feed the

previous Result into our Angle input. Again, be sure Degrees is set by righi-clicking the Angle
input.
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Creating the Prongs

Preview both the Rotate 3D
component and the Diamond
Merge component.

Now we can use the Top
Viewport in Rhino to center our
prongs. Here | moved the original

o (parent) prong .04mm toward the
origin.

Its child should update (also in
toward the origin). As we make
further adjustments we may adjust
their location again.

i
;
1
=]
I
:

‘Geometry
m,,’m)
Ce:: Transfarm
—

As we did with the diamonds we need to

see which prongs will be repeated when

mirrored. Then we will cull those as we

did before. We have fwice as many

items and it would help to see a Point
o List.

Use the Centroid output from a Volume
component to do this. | see | have six
beads that | do not want to mirror...
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Creating the Prongs

Geometry Geometry
Source S— . . Volume
Target ranstorm eometry M’i Centroid
Geometry G = —
eom # |
— (B  Angle g -
Center
- Transform
. 6 Indices as list o
Culling indices
6 locally defined values..
B:13 [
97
98
95
1486
147 i
0 ...so use a Cull Index component and set the Indices input accordingly. Remove items 96, 97,
98, 99, 146, and 147.

File Edit View Display Sokution Help MetaHopper

Params  Malhs Sels  Vecdor Corve  Surface Mesh  inlersect | Transfom n‘.pla\' HumanUl Kangarco? MelaHoppes Human  LunchBox  Elefront  User

|5’W°¢ H%% #7 8 O MALKIZH TP NROBHE W4|S SE % &
&&ﬁu & 3 FE4S DB VEHRQY FA8 & W E

I
Points 3’4
Size

Transform

Plug in our List to the Geometry input of another
Mirror component (YZ Plane).

@ With our last two components previewed we see that
we are missing four prongs. Two (146, 147) we just
removed. The two on the bottom will be a mirror
image of those.
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Creating the Prongs

Grasshopper WgavesetEtemity*
| Flle Edit Display Solution Help MetaHopper

Params  Maths | Sels | Veclor Cunve Suface  Mesh  Indersect  Transbrm  Display Human Ul Kangamo? MetaHopper Human  LunchBox  Elefiont  User

e XBe ¢ *P"’h* O A BEE HHM B *AM i 5 A
Hipga X0 Okl QS VA0 @@ GE AL
]

We use a List
Item component
to retrieve
certain items.

w r-‘ - -
Here we want CL R vi @8 W List ltem
items 746 and : —
o 147 Refrieve a specific ilem from a list.
Right-clickon (™ &
the Index input |0 A Geometry mt® "™ P
and enter those | Centroid
values in the Set
Multiple Geometry Geometry ——q List
Angl +
Integers field. c ni: g ¢ Indices & List Geometry Geometry
enter
I Transform q Wrap Plane =™ Transform
IS
Fﬂ
e

Item

2 locally defined values.

147

Points ac4
Size
metry
Valume
Geometry
Centroid
ry
m D

@

40rigin ﬂ Plane IP'I

Now we use another Mirror component but
this time across the XY Plane.

prongs now.

With a preview, we should see all of our
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Creating the Prongs

Params  Maths | Sels | Vechr  Cuve  Surfaoe  Mesh  blesect  Taesfrm  Diplay  Human Ul Kangamo?  Metsappsr  Humen  lunchBox  Blefront  User

AL KO © %k k'x #EO A C@@ N § &AM e &‘.!I! A Q> $R

A A XE O U&EFEOSUN0 B0 8 X BYEFMNM¥ESL IF € DY
L — e —

g -e-w = Shift List Q@m .E,Q_q

Offset all items in a list.

netry List
¢ ndices [fpg ust o
storm q whap ﬁseomew Geometry =, Points . s
g \ q Pl-ne. ' X
¢

mmﬂ x*'mlm
|::|&I /~<$
wrap

Next we Merge four data streams together.
Our Culled List goes into D1. Its mirror
goes into D2. The fwo prongs from the List
Item component are for D3. Finally, their
mirror goes into D4. Flatten the Result.

¢

Once again, use a Centroid output from
the Volume component to get a Point List.

¢

You may notice that the preview has 0 and 7 out of sequence on the list. This is easily fixed with Shift
List component. Enter a value of 2 for the Shift input.

Now our list of numbers looks correct.

While this step was not necessary for this
exercise it is good practice and might make

a difference should we want to reference it
later.

Let's clean up similarly to before with
Scribble and group.
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Adjusting the Parameters

Let's turn on our preview for the Band, Diamonds, and Prongs. Currently both the diamonds and
the prongs are a bit low and need to come out of the band's surface further. This is easily

o accomplished in Rhino.

Move the parent prong up .165mm. Next move the stone up .1mm.

Grasshopper - PaveSetEternity”
File Edit View Display Soltion Help  MetaHopper

Paams  Mahs  Sels Vodor Cune  Swfse  Mesh  inisod | Trnsiom | Display MumanUl  Kangwoo)  MetsHopper Human  Lunchflox  Defonl  User

LU %% 1B ONALIZH T2 NHOBYN 4 & SE X &
A% 4 /5 AE24s BB YRXOP FASE HN
<

- He-

= Ol

@ Scale NU

Scale an object with non-uniform faciors.

We can slim down our band, however we do not
want to mess with our initial curves because that
would affect other elements. So we can use a Scale
NU component on the profile just before we create
the surface.

We only want to change the Scale Y input. | created
an adjustable Number Slider with a domain from .95
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Adjusting the Parameters

If we use our slider Profile Shape
(found at the left side of our canvas)
we can make the profile more
rounded.

-

¢ wl

o This will also affect the normals of our
diamonds (changing their direction on
the outside rows).

.ﬂ

Here | change the value to -1.50 and
the result is more to my liking.

Radius Degree

Count

Revisit our last two Point On Curve components (previously set at .270 and .790). We can
adjust the gap between the middle row and outside rows.

n We want to get all the gaps as even as possible. Here | adjusted to .276 and .784 and they look
much better.
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Adjusting the Parameters

After changing the profile shape and
adjusting the gaps we revisit the

o band's width again.

| tweaked it slightly - down to 0.97.

(Rngwisnsae] o057 p-

Now after those adjustments | need
to do a final adjustment to our
prong locations.

| move the parent prong in the Y-
o direction again.

Here | move it away from origin
-.025mm. Be sure the child
updates in the opposite direction.
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Creating Gem Cutters (for Rendering)

Next we will create some Gem Cutters to
use for the purpose of rendering our
model.

o With the Guides Layer current, use the
MeshOutline command and select our
stone in the Front Viewport. This will
create a closed polyline around the stone

Next draw two open Polylines (also on
o the CPlane in the Front Viewport) as
depicted above.

Then Trim and Join into one open
° polyline.

Pavé Set Eternity Band | Christopher Mendola | September 2021 pg 45



Creating Gem Cutters (for Rendering)

With Source Boolean Layer current, use
the Revolve command to create a surface
from the polyline we just created.
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o Copy the entire Diamond _——
section (highlighted in (==
green). - [
0 Next Set one Brep (right- B
click) as the Revolved ;w/

closed solid polysurface. '

e

ol G 4

Clear values
Interrnalise cista

g D1

D2*Rﬁult #p

q D3

o Group with a Scribble called Gem Cutters.
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Creating Pilot Holes (for Production)

Our boolean cutters will be different for
our production model. So let's go ahead e

o and create those now. In Rhino (Guides =
Layer) create a projected Line starting
from 0 to anywhere above our stone's
table.

P e,

AP EPaS :;
OhisY “e

& e s vavs W
af, ak

p an Z “'
! DGl 2] 3 ~ "A"‘f‘

| L g
’gp- | L 1™
0\ : % s 27
\ - Rerder Wesh Settings ’/‘
L W

s R Vo
ObhXavdTRL2E

Lo S

= S ’
[Ene] Next, in the Source Boolean Layer,
2 o we will run a Pipe command with a
——— o Rounded Cap and a .5mm
B diameter (at start and end).
Copy (drag and tap Alf) ; - - - ——
the entire Gem Cutters i ! ' ' ! '
section.

Next Set one Brep
(right-click) as the
Piped closed solid
polysurface.

00

& Preview

@ Frabled

& Bake.

‘Wire Uisplay »
Disconnect »
3| Reverse

Flatten

T Graft

Simplity

Set one Brep

Set Multiple Breps

Manage Brep collection

Clear values
Internalize data
Extract parameter

9 Help..

o Group with a Scribble called Pilot Holes.
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Creating Prongs (for Production)

o Select and copy both Prong objects into
Source Prongs Layer.

Cine Layer On
Match Properties...

New Layer

Mew Sublayer

Renarme Layoer

Dalata Layer

Duplicate Layer

Duplicate Layer and 01'?(:19
Select All

Invert Selection

Select Objects

Select Sublayer Objacts
Change Object Layer

Lo comet o0
- s 7
Tk v
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L b e
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Souees ocken »
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biecBing o
] @
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Sk Hamanss 7
et @ Ceseter | ok
2 st sl
o I ]
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These will be taller for production

so move these copies upward

soie o= 2mm.
Copy (drag and tap Alt) | M
the entire Prongs section "'“FP‘

o (highlighted in green ok / /
above). . /

Then Set one Brep

o (right-click) as the newly
moved prongs in Source
Prongs Layer.

!? ﬁ;’“ﬁ-—"':i - . H

[

[
C'}c——__rr Eq.—

;J
=

e Lisplay v
Diseanmect L3
[ Heverse
@ Flartan
W Gt
[§) simplfy
Sel Muiliple Besps
Bfanaqe Arap callection
lear walues
Intemalize data

Ftact paramctor

@ Help..

U

o Group with a Scribble called Prongs (Production).
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Baking the Ring
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We have to Bake our GH results to create the geometry for Rhino. For a production model ring
o Bake the Band and the Prongs (Production) by right-clicking each component separately.

Next, GH will ask which layer to Bake them into. Choose the Baked Ring Layer for both.

Properties. Cbject

O B d = B
Cs¢PHomoes
Object

e
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[ [ ekt g
Displey Cokon [y tayes
inenpe By Layer

Pring Codor 7 By Layer

Prin Wadth By Layer

[e—
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¥ Outpret i
L T
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Babad Sockian (Rancki] v
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A boafcit | @ Cakuloror | @ Help

[l mso-Updae.
BooleanUnion
Toalbar  Meru

& Soiid

Unian
Main

Maing
Sakd Taak

Thee Bogbeankinion command trims the shared ar

Steps
+ Seluc the objects and press Enter

Select all the objects on the Baked Ring Layer and run the BooleanUnion command. After a few
o seconds, you should have a successful closed solid polysurface.

Pavé Set Eternity Band | Christopher Mendola | September 2021 pg 49



Baking the Ring

©

Top Prispertiv: Vi procpartis

Sounce Paongs
Soune Paongs Fends)
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seps
» Sebect the objecss and press Enter.

Again for a production model ring Bake the Pilot Holes by right-clicking and selecting Bake.

Next, GH will ask which layer to Bake them into. Choose the Baked Booleans Layer.

@

Properties: Oyt
O B & = &
CsoPHoEes

Object
Tie
Hame
Layer [ [T
Daploy Cokor [ty Layer
Linetype. By Layer
Pt Cobor 0 By Larymr
Bt Wicth By Lo
Hypariok

Rerder Mesh Setlings
Cuntom Mumh
Sattinan.

Rendering

Blayers 8 Hamed Views
DaXawdTOLAG
Laryer Cument

gt
Guithen
]
Sousce Frongs.
Souse Frongs Fende
Seusca Bookon

Bakad Bockeans (Rander)
Babead Do

cscllecceessse

Aokt B Caloubeor [ el

[Fltuo-tpdete

& solid
Diffaranes
Solid Tooks

The BaokanDifference command tiims the share.

Step 1
1, Swbect surfacens an polysurlaces ta subitract fiy

Select the object on the Baked Ring Layer and run the BooleanDifference command. Select the
objects in Baked Booleans Layer for the polysurfaces to subtract with. After a few seconds,

you should have a successful closed solid polysurface.
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Baking the Ring

Bioyes Whaned Vews
DhXavdT R 2aé
Liper Cuvent.

For a render model ring Bake the Band and the Prongs (Rendering) by right-clicking each

component separately.

both.
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Next, GH will ask which layer to Bake them into. Choose the Baked Ring (Render) Layer for

@

Properties: Obyect
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Object

T sl subd poiyautlas
Hame

Loy Wi fing
Displsp Color [ By Layesr
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P Calon By Layes

Pent Wickh, By Layer

Hypednk

Rarwdar Mesh Sattings

Cussom Mesh

Settings:

Rerulering

Casts shadows

oo @ Mamed Views
DaXavdTRL2@

Layer Cument

¥
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aceflecee=ssel

pBoskdie @ Caeudator [ Mol

[lhuto-Lipdate

BooleanUnion

& solid
Union
Masin
Msing
Solid Tacls
The Booleantrion commaned trims the shared ar

+ Select the abjects and press Enter.

Select the object on the Baked Ring (Render) Layer and run the BooleanUnion command. After
a few seconds, you should have a successful closed sofid polysurface.
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Baking the Ring
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Eame,

Again for a render model ring Bake the Gem Cutters by right-clicking and selecting Bake.

©

Next, GH will ask which layer to Bake them into. Choose the Baked Booleans (Render) Layer.

0O 8B & = &
OvsepPoemed
Object

Type choard sold pobyserface
i

Layse [ [ ssr—
Deply Color || By Laer

Linetype By Layer
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& Solid
Difference
Salid Took
The BaoleanDiflererce command trims the share

stegs
1. Select surfaces or polysuriaces to subtract fre

Select the object on the Baked Ring (Render) Layer and run the BooleanDifference command.
o Select the objects in Baked Booleans (Render) Layer for the polysurfaces to subftract with.
After a few seconds, you should have a successful closed solid polysurface.
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Rendering the Ring
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For rendering we have fwo Layers to work with. The ring on the
Baked Ring (Render) Layer and the diamonds on the Baked

1] GDehulrmmrial

& import from Material Library...
# Create Physically Based material fram texture files...

a Custom

@ Double Sided

% Emission

& Gem

E Glass

#, Paint [!
w Physically Based

o Diamonds Layer. g ::‘5'::
@ Plastic
Select the ring and in Properties: Material select Use a new 98 e
material, then Metal from the sub-menu. Lot
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¥ Metal

Color: |V|

Polish: Rough @ "
Bump taxture: None w v Type
Scale: Medium w
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o We'll keep the color white but raise the o Match,

polish to 90%.

Er Import from Material Library...
% Create Physically Based material from texture files...

% Custom

@ Double Sided
? Emission
QGem N
E Glass

& Metal

®, Paint

W Physically Based
Q Picture

P Plaster

“ Plastic

BB ™ore Types...

o Now select the diamonds and Use a new material. Select Gem and use a Diamond Type.
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Conclusion

Perspective |' Perspective |~

Congratulations! We have created a parametric Pave Set Eternity Band.

You should now be able to change ring size, width, thickness, and fillet; change stone size and count;
change prong height and location. Everything we just created can be easily adapted without needing to
start from scratch.

It may have seemed like a lot of work to set up but once you learn Grasshopper it really does not take
any more time than modeling entirely in Rhino. My hope is that you have been encouraged to pursue
learning this fantastic plug-in that will, over time, save you a great deal of modeling time.

\~

Y A

-

Rhinoceros’ ¢ grasshopper

NURBS modeling for Windows

= Awesome
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