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1.1 fr4aERhino?

- 1.1.1 Rhino+GH+Plug-ins
- >RITEHER, FIANURBSHHESH K RITRE, RITEREFR LS
Rhino and Grasshopper are heavily used for freeform roofs, parametric

facades, repetitive components, versatile building shapes or complex

structures in architecture and engineering.

s
- I P I
\\

Rhinoceros’ Grasshopper Plug-ins
food 4 Rhino




1.1 fr4&Rhino?

1.1.2 EBIMAZ L4ExtE, ZHFIFCHER

BIM & Documentation

VisualARQ, FlexibleBIM® Plug-in

for Rhino and Grasshopbper

JA

FlexibleBIM® (Building Information
Modeling) features link geometry and
object data. They support import and
export from and to the IFC file format
to exchange Rhino models with other

AEC applications.



1.1 fr4aERhino?

1.1.3 F|AGrasshopperigitx<BtE R ERE(2D/3D)(NURBS HiHE . ¥

1%\ SEIF)

Design & Drafting

Rhino/ Grasshopper Ul

Rhinoceros in combination with Grasshopper is
an ideal addition for all 2D and 3D applications
in architecture and engineering in order to
generate complex associated geometries
such as NURBS surfaces, meshes and
solid models.



1.1 ff4a&Rhino?
1.1.4 THFEMARhinoEFEHIFELNEH, FHlanVray, MaxwellZF

Visualization & Animation \\ S Y

@vray

Many popular rendering and
animation plug-ins work in Rhino. A “'“
They help generating high-quality o
images of unparalleled realism and

animating objects.

Render, V-Ray Plug-in



1.1 fr4aERhino?

1.1.5 &#SHriEHE . BRTiEtEKaramba, FES#iEHELadybug
Tools , #IFE5|&Kangaroo (shapeop) , HEHHiGEHEMIllipede

Analysis & Simulations

ICD/ITKE Research Pavilion
Stuttgart 2014

Kangaroo Physics

—A

f

Koramba.  KANGAROO

8z D &

Rhino and Grasshopper have
a rich ecosystem of plug-ins
for structural analysis,
simulation, visualization
and fabrication of your
design.



1.1 fr4aERhino?

1.1.6 SBEFEH. SHEEFERFEHE. HEiEmidobj. dwg. step. stl
ZHSETIEINL. SER. 3DITEPHL. fireflyd@ft: KinectM, arduino¥E
%, KukaPRCHSERTHiHZIKUKA, HAL% L B & FhH e 1% & .
Fabrication & Construction

T E o BRI Rhino and Grasshopper can be tightly

integrated in any step of the

manufacturing process.

Robotic and Digital Fabrication, 3-D =/

Printing, and Rapid Prototyping

HAL, GH Add-On



1.2 Rhino#B < Mg

RhinoE AT 48:
http://v.youku.com/v_show/id_XNTIxMzQyNjk2.html
RhinoEM: http://www.rhino3d.com/
RhinoFF&&F&: http://developer.rhino3d.com/
RhinoEM T %;: http://www.rhino3d.com/download
RhinoESAZE=FHHFEA: http://www.food4rhino.com/
GrasshoppergAitiz: http://www.grasshopper3d.com/
RhinoFab: http://www.rhinofabstudio.com/
Rhino’—%ﬁéﬁ:

Tsplines(THE5E/EiEHE): http://www.tsplines.com/
Evolute(MiZfL{LidEEE): http://www.evolute.at/

Rhinovault (ZEM4&Thrust Network Analysisft{t) :
http://www.block.arch.ethz.ch/brg/tools/rhinovault

3 i

VrayS SEiE 4G https://www.chaosgroup.com/vray/rhino






1.4 Rhino7+1

- Rhino& O RY& I Al S ERAEIFE L -

- rhino& O 1.jpg

- FRFRERIE :
HEIEEO:

ARG 3 A LA Target L& 407k Ehedk iRk
Ctrl+Alt+RFrGa# AL Camerafii & A H 10K FhEsE Rk
Shift+Alt+FBRAra 8 AT T 5L Eess 5k
Shift+RFrAEAFHRL

Ctrl+ AR A B (RARRER) AAamR Sk

Alt+ ARG B A EBIZEIRE X

Command#s<: _ViewportProperties

35mm camera lens
Lens length: mm

Camera and target locations {x, y, z)

Target |2‘|I}5 ||2DD5 ||sss ‘p|aca__
Retation: Place camera an d target...

Wallpaper options

o H B 0 (Camera) B 1 >

Camera: |r5.ws ||-51.2 ||55.55 ‘p|ace__

| ‘ Browse..
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1.5 NURBS Curve

- 1.5.18)E R [EdegreeAINURBSITHI mmfhzk |
- Command: _Curve

Start of curve ( Degree=3 PersistentClose=No ):
Next point. Press Enter when done ( Degree=3 PersistentClose=No Close

. Sharp=No Undo): f '

- Steps "
Pick the start of the curve.
Pick the next points.
Press Enter to end the curve.

Note: The Curve command makes a curve of degree <number of points> -1 as long as the number of
control points is less than or equal to the degree setting.



Bezier Curve

The equation of a Bézier curve is similar to the equation for the center of mass of a set of point
masses. Consider the four masses mg, my, ma, and mg in Figure 2.3.a located at points Pg, Py, P2,

Ps.

l'l P, Pl P,

P, ° i P, P,

(a) Center of mass of four points. (b) Cubic Bézier Curve.

Figure 2.3: Bézier Curves in Terms of Center of Mass.

The equation for the center of mass is
mng -+ mlPl — m2P2 S m3P3
mo + my + mo + msg '

P =

Next, imagine that instead of being fixed, constant values, each mass varies as a function of a
parameter t. Specifically, let

mo(t) = (1—1)% mq(t) = 3t(1 —1t)%, mo(t) = 3t2(1 —t), ma(t) = t5 (2.1)

Now, for each value of ¢, the masses assume different weights and their center of mass changes
continuously. As t varies between 0 and 1, a curve is swept out by the moving center of mass.



Bezier Curve

Figure 2.3.b shows the Bézier curve that results when the point masses in Figure 2.3.a are taken as
control points. This curve is a cubic Bézier curve cubic because the mass equations are degree
three polynomials in ¢.

Notice that the mass equations in (2.1) sum identically to one:

1=t 4+3tQ -t) > +3°QA-t)+ 3 =[1-t)+tP =1 = 1,

and so we can write the equation of this Bézier curve as P(t) = mo(t)Po + mi(£)P1 + ma(t)Pa + ms(t)Ps.
The mass functions are plotted in the graph in Figure 2.4. Note that when t =0, mp = 1 and

Figure 2.4: Cubic Bézier blending functions.



Bezier Curve

my = mg = mg = 0. This explains why the curve passes through Pop. When t = 1, mg = 1 and
mo = m1 = mg = 0, and the curve passes through point Ps.
The variable masses m;(t) are usually called blending functions and, as noted before, the locations
P, are known as control points. The blending functions, in the case of Bézier curves, are known as
Bernstein polynomials. We will later look at other curves formed with different blending functions.
Bézier curves of any degree can be defined. Figure 2.5 shows sample curves of degree one through
four. A degree n Bézier curve has n+ 1 control points whose blending functions are denoted B[ (¢),

e
(e
Degree 1 Degree 2
Degree 3 Degree 4

Figure 2.5: Bézier curves of various degree.



Bezier Curve

where
n

Bl (t) = ( )(1—t)”—@'ti, i=0,1,...,n.

ny\ n!
i) il(n—i)

(":’) is spoken “n — choose — 1" and is called a binomial coefficient because it arises in the binomial

expansion
" n . .
b n — § Zb‘n—l-

=0

7

Recall that

In the degree three case, n = 3 and B3 = (1 —t)3, B} = 3t(1 —t)2, B3 = 3t?(1 —t) and B3 = t°.
B'(t) is also referred to as the ith Bernstein polynomial of degree n. The equation of a Bézier curve

is thus:
Pit) = Y (@)(1 _ P, (2.2)
i=0

]

B-Spline Curves. NURBS (Non-Uniform Rational B-Splines )



1.5 NURBS Curve

. 1.5.28)ETEldegree NURBSIH{E s %k -

Command: _InterpCrv

Start of curve ( Degree=3 Knots=Chord PersistentClose=No StartTangent ):

Next point ( Degree=3 Knots=Chord PersistentClose=No EndTangent Undo ):
Next point. Press Enter when done ( Degree=3 Knots=Chord PersistentClose=

No EndTangent Undo):

Next point. Press Enter when done ( Degree=3 Knots=Chord PersistentClose= +
No EndTangent Close Sharp=No Undo ):

- Steps

. Pick the start of the curve.
Pick the next points.
Press Enter to end the curve.



1.5 NURBS Curve

1.5. 35 & T ARE MBI TR A TR IE & 0 Ga
Command: _BlendCrv \‘\w\ﬂ

Select curve to blend ( Edges Point): ;
Select curve to blend ( Edges Point ): ; ' .

Select control point to adjust. Press SHIFT and select for symmetry.: Ll

Steps | 0
Select the curves.

Select a control point to adjust.

Press the Shift key and select for symmetry.

A preview of the curves displays that allows adjustment of the curve before it is made.




1.5 NURBS Curve

1.5. 4 N—PRE T

Command: _InsertKink
Select curve or surface for kink insertion:
Point on curve to add a kink:

Steps

Select the curve or surface.

Pick locations where you want to insert a kink.
Press Enter to end the command.

A curve is split into multiple joined curves.




1.5 NURBS Curve

1.5.5%mEmBIE A 0
Command: _Weight Weight: " i
Select control points for weight editing: oK Cancel Help

The weight of a control point determines how much the curve or surface is attracted to the control
point. The higher the value of the weight, the closer the curve or surface is to the control point.

Steps

Select the curve or surface.

Pick locations where you want to insert a kink.

Press Enter to end the command.

A curve is split into multiple joined curves.

Warning:If you are exporting to another application, it is best to leave all control point weights at 1.

Weight=1 (left), Weight=0.5 (center), Weight=10 (right).




1.5 NURBS Curve

- 1.5.645EI% o+

Command: _HBar

Select curve or surface to adjust:

Click and drag to edit curve. Press Enter when done ( FixedHandleLength=No ):
New location ( FixedHandleLength=No ):

- Steps

- Select a curve.
Click and drag the handlebar grips to move it around.
Click near the object to move the handlebar to the marker position.
Press Enter to end the command.

- Options
- FixedHandleLength
Prevents changing the shape of the curve by stretching the handles.



1.5 NURBS Curve

1.5.7#i\Knot »

Command: _InsertKnot
Select curve or surface for knot insertion:
Point on curve to add knot. Press Enter when done ( Automatic Midpoints=No Symmetrical=No ):

Steps
Select the object.
Pick a location for the knot.

Note: Inserting a knot in a surface also displays an isoparametric curve at the knot location if
isoparametric curves are being displayed.

The status bar distance pane displays the parameter value when inserting a knot to a curve. You can
also type a parameter value to add a new knot.

Options

Automatic

Adds a knot/knot line halfway between existing knots to
maintain as uniform a structure as possible.

Increases the knot density of a curve or surface to add more
control points while maintaining an even knot distribution
for better point pulling behavior. z

Y
i
X



1.5 NURBS Curve

1.5.8RIFAEEEMLZ

Command: _Rebuild

Select curves, extrusions or surfaces to rebuild:

Select curves, extrusions or surfaces to rebuild. Press Enter when done:
Maximum deviation = 1.05247e-12

To rebuild curves

Click Preview to see what the rebuilt curves will look like.
When you are satisfied with the results, click OK.

Notes

Turn on control points and curvature graph to see the details of the
curve structure.

A group of curves will be rebuilt with curves of a specified degree and
specified number of control points. The knot of the resulting curve more
evenly spaced. To rebuild a curve with uneven knot spacing but a more
accurate fit, use the FitCrv command.

Rebuild
Point count: (10)
Degree: (3)

Delete input
[ ] Create new object on

Maximum deviation:

Cancel

current layer

6.1552%9-14

Preview




1.6 NURBS Surface

1.6.1 81241 mehE ¥

Command: _Revolve

Select curves to revolve:

Select curves to revolve. Press Enter when done:

Start of revolve axis:

End of revolve axis (Press Enter to use CPlane z-axis direction):

Start angle <0> ( Deletelnput=No Deformable=No FullCircle
AskForStartAngle=Yes SplitAtTangents=No ):

Revolution angle <360> ( Deletelnput=No Deformable=No FullCircle
SplitAtTangents=No ):

Steps

Select curves.

Pick the start of the revolve axis.
Pick the end of the revolve axis.
Specify options.




1.6 NURBS Surface

1.6.2 81 2E ~ (REHGS—)
Command: _Loft

Select curves to loft ( Point ):

Select curves to loft ( Point ): '
Select curves to loft. Press Enter when done ( Point ):

Steps
Select the curves in the order in which the surface should pass through them.
Select open curves near the same ends. For closed curves, adjust the curve seams.

Loft Options >

Style

MNormal ~ TSH
Cloged loft :
Match start tangent
Match end tangent
(] 5plit at tangents : Frll
“‘"--_--""

Cross-section curve options ——————

Align Curves...

(®) Do not simplify
O Rebuild with control poits
(") Refit within milimeters

Cancel Preview Help




1.6 NURBS Surface

- 1.6.3(EHAFKA A B EmhE #

Command: _EdgeSrf
Select 2, 3, or 4 open curves:

- Steps
. Select the curves, and press Enter.

-  Notes

You can use surface edges as the curves for a new surface.
For a surface from closed planar curves, use the PlanarSrf command.



1.6 NURBS Surface

1.6.4fE M e Zmm -

Command: _NetworkSrf

Select curves in network ( NoAutoSort ):

Select curves in network. Press Enter when done ( NoAutoSort ):
Sorting curves...

Creating network surface... Press Esc to cancel

Steps

Select the curves, and press Enter.

Notes

Note: All curves in one direction have to cross all curves in the other direction
and cannot cross each other.

Edge curves

Sets the tolerance for the edge curves. The edges of the surface will be within
this value from the edge curves.

Interior curves

Sets the tolerance for the interior curves. The interior of the curve's surface
will be within this value.

If the curves themselves are farther apart from each other than the tolerance
values, the best guess is made at the surface.

Angle

If the edge curves are surface edges, and you want the surface matching the
adjacent surfaces with tangency or curvature continuity, this is the accuracy
used to match the surface normals.

=

Surface From Curve MNe... X

Tolerances

Edge curves: 0.001

Interor curves: | 0.01

o
Preview

Edge matching

A
Looze ]
Pasition )
Tangency (O]
Curvature ]

Cancel Help




1.6 NURBS Surface

1.6.5(EHMEEME—E R, &5MHE

Command: _Patch o '
Select curves, points, point clouds and meshes to
fit surface through:

Steps
Select point objects, curves, and edges to base the patch on.
Specify the options.

Notes

Sample point spacing

The nominal 3-D distance between points sampled from input curves.Minimum of 8 points per
curve.

Surface U spans

The u-direction span count for the automatically generated surface. Also used if the starting
surface is a 1x1 span plane.

Surface V spans

The v-direction span count for the automatically generated surface. Also

used if the starting surface is a 1x1 span plane.

Stiffness

Rhino builds the patch surface by first finding the best fit plane ( PlaneThroughPt) through the
selected and sampled points along curves. Then the surface deforms to match the points and sampled
points. The Stiffness setting tells how much you allow the best fit plane to deform. The bigger the
number, the "stiffer" and more rectangular and planar the resulting surface will be. You can test this
setting with small or even very big values (>1000). Use Preview to check the result.

Patch Surface Options

General
Sample point spacing:
Surface U spans: IE =
Surface \V spans: IE =
Stiffness:

Adjust tangency
Automatic trim

Starting surface

Select Starting Surface...

Cancel Preview




1.6 NURBS Surface

1.6.6fFHAsweep2€|EZHE ) (HREHBGSZ—)

Command: _Sweep?2

Select first rail ( ChainEdges ):

Select second rail:

Select cross section curves ( Point ):

Select cross section curves. Press Enter when done ( Point ):

Steps
Select two curves as the rails.
Select cross-section curves in the order in which the surface will pass

Sweep 2 Rail Options by

Cross-section curve options

() Do not simplify
through them. (® Rebuild with control points
Note: Select open curves near the same ends. For closed curves, adjust ORefit wihin 0,01
E ] Preserve first shape
the curve seams. -.E_- [ Preserve last shape
] Maintain height

e

Rail curve options

A B
Postion (@ ()
Tangency O O
Curvature () (@)

Closed sweep Add Slash
] Simple sweep

Cancel Preview Help

[




1.6 NURBS Surface

1.6.7:R#EME@Blend Surface @ (RR#H4Sz—)

Command: _BlendSrf
Select segment for first edge ( AutoChain=No ChainContinuity=Tangency
Direction=Both GapTolerance=0.001 AngleTolerance=1):

Steps

Select a surface edge.

Select adjacent edges or press Enter.

Select the edges to blend to and press Enter.
Select adjacent edges or press Enter.

Select and adjust control points or press Enter.

~ Shift AddShapes Planar sections

Position
Tangency
Curvature
G3

G4

oK

—_ | =
L= =

Add Shapes

] Planar sections
[]5ame height
] Preview

O0C@®OC0O -~
OO@®@COm™

Cancel Help



1.6 NURBS Surface

1.6.8.1 R IEE (B ERIZICH) Match Surface %

(RERBSZ—)

Command: _MatchSrf

Select untrimmed surface edge to change ( MultipleMatches ):

Select segment to match ( AutoChain=No ChainContinuity=Tangency
irection=Both GapTolerance=0.001 AngleTolerance=1):

Select next segment to match. Press Enter when done ( Undo Next All
AutoChain=No ChainContinuity=Tangency Direction=Both
GapTolerance=0.001 AngleTolerance=1):

Steps

Select an untrimmed surface edge.

Select a surface edge or curve to match.

Pick the two surfaces near same ends. This surface
can be either trimmed or untrimmed.

Choose options.
MultipleMatche.----—-—-----——---————————— >
Allows selection of more than one edge to match.

Match Surface

Continuity
(®) Position
(O Tangency
() Curvature
Preserve other end
(® None
() Position
() Tangency
() Curvature

[ Average sufaces
Match edges by closest points
[ Refine match

Distance: 0.001 units

Tangency: 1.0 degrees

Curvature: 0.05 percent

lsocurve direction adjustment
(@) Automatic
() Preserve isocurve direction
() Match target isocurve direction
() Make perpendicular to target edge

=




1.6 NURBS Surface

1.6.8.2 R IEE(HHERIZICHL) Match Surface %

Match Surface Options

Continuity.--———-—-—-—-——--——-—-————- >
Sets the continuity for the match.

Position

Location only.

Tangency

Position and direction.

Curvature

Position, direction, and radius of curvature.
Preserve other end----------- - - - - - - - oo o o o
Changes the surface structure to prevent modification

of the curvature at the edge opposite the match. |
None

No constraint.

Position

Location only.

Tangency

Position and curve direction.

Curvature

Position, direction, and radius of curvature.

Match Surface

Continuity
(®) Position
() Tangency
() Curvature

Preserve other end

(® None

() Position
() Tangency
(O Curvature

[ Average sufaces
Match edges by closest points
[ Refine match

Distance: 0.001 units

Tangency: 1.0 degrees

Curvature: 0.05 percent

Isocurve direction adjustment
(@) Automatic
() Preserve isocurve direction
() Match target isocurve direction
() Make perpendicular to target edge

=




1.6 NURBS Surface

1.6.8.3 RIZE (B ERIZICH) Match Surface %

Average surfaces———---—-————————————————— >
Both surfaces are modified to an intermediate
shape. If the target surface is also untrimmed,
the surfaces match by averaging the two.

- = m e m oo

Match edges by closest points———---————- >
Aligns the surface being changed to the target
edge in two ways:

Stretches or compresses the surface to match
the entire edge end to end, or pulls each point
object on the edge to the closest point object on
the other edge.

Match Surface

Continuity
(®) Position
(O Tangency
() Curvature
Preserve other end
(® None
() Position
(O Tangency
() Curvature

[ Average sufaces
Match edges by closest points

[ Refine match
Distance:
Tangency:
Curvature:

Isocurve direction adjustment

(@) Automatic

() Preserve isocurve direction
() Match target isocurve direction

0.001

1.0

0.05

units
degrees

percent

() Make perpendicular to target edge

Cancel




1.6 NURBS Surface

1.6.8.4'R iz H (fH BRI ILEC) Mat

Refine match---—-—--—-—--—————————- e

ch Sﬁlrl rface %

Determines if the match results should be tested
for accuracy and refined so the faces match within
tolerance. If necessary, Rhino adds knot lines to
the modified surface or surfaces until the surfaces
are within tolerance.

Distance __ units

Position matching in model units.

Tangency __ degrees

Tangency matching.

Curvature __ percent

Curvature matching, in percent of the radius of
curvature.

Specifies the way the parameterization of the matched

surfaces is determined.

AL T R e
If the target edge is not trimmed, it works like the Match

target isocurve direction option.

If the target edge is trimmed, it works like the Make

perpendicular to the target edge option.
Preserve isocurve direction

Does not change the existing isoparametric curves directions.

Match target isocurve direction

The isoparametric curves of the surface will be parallel to those of the target surface.

Make perpendicular to target edge

The isoparametric curves of the surface will be perpendicular to the target surface edge.

Match Surface

Continuity
(®) Position
() Tangency
() Curvature

Preserve other end
(® None
() Position
() Tangency
(O Curvature

[ Average sufaces

Match edges by closest points

[ Refine match
Distance:
Tangency:

Curvature:

0.001

1.0

0.05

Isocurve direction adjustment

(@) Automatic

() Preserve isocurve direction
() Match target isocurve direction
() Make perpendicular to target edge

units
degrees

percent

Cancel
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Notes

The edge of a surface being modified must be an untrimmed edge.

A closed edge cannot be matched to an open edge.

Only single complete edge curves can be matched. If you need to match to part of an edge, trim the
surface or split the edge (using the SplitEdge command).

MatchSrf is the most reliable when the surfaces are nearly matched already and require only a small
amount of movement to get an accurate match.

MatchSrf can be useful for matches that are more similar to geometry creation than to fine-tuning. It is
possible to move edges a long way and change their shape drastically, but it might take some

experimenting to get what you want.
You can sometimes change the results of MatchSrf by adding or removing knots manually before you
do the match using the InsertKnot and RemoveKnot commands.



1.6 NURBS Surface

. 1.6.9%5mE <+

Command: _Trim

Select cutting objects ( ExtendLines=No Apparentintersections=No ):
Select cutting objects. Press Enter when done ( ExtendLines=No
Apparentintersections=No ):

Select object to trim ( ExtendLines=No Apparentintersections=No ):
Splitting... Press Esc to cancel

- Steps
Select the cutting objects.
Select the parts of objects to trim away.

. Notes
If it is difficult to select the parts to trim off, use the Split command and then delete the unwanted parts.
Use the Untrim command to remove a trimming boundary from a surface.
When trimming a surface with a curve in a plan parallel view like the default Top, Front, and Right view,
the cutting curve is projected on the surface in the view direction.
When trimming a surface with a planar curve in an angled parallel or a perspective view like the default
Perspective view, the cutting curve is projected on the surface in a direction perpendicular to the curve
plane.
When trimming a surface with a 3-D curve in an angled parallel or a perspective view, the cutting curve
is pulled on the surface by closest points.
A trimmed surface has two parts: a surface that underlies everything that defines the geometric shape,
and trimming curves that either trim away the outside portion of the surface or cut holes in its interior.

Those trimming curves exist on the underlying surface. The underlying surface may be larger than the trim curves, but you won't see the
underlying surface because Rhino doesn't draw anything for the part of the surface that is outside the trim curves.

Only the underlying surface defines the actual geometry of the shape. The trim curves do not define a surface —- they only mark which
part of the surface is to be considered trimmed away.

If you have a trim curve that runs diagonally across a surface, the trim curve itself doesn't have any real relationship to the control points
structure of the surface. You can see this if you select such a trimmed surface and turn its control points on. You'll see the control points
for the whole underlying surface, which doesn't necessarily have any connection with the trim curves.
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Command: _InsertControlPoint

Select curve or surface for control point insertion:

Point on surface to add control points ( Direction=U Toggle Extend
Midpoint=No ):

Steps
Select a curve or surface.
Pick a location for the control point or control point row.

Note: Inserting control points affects the shape of the curve or surface. The InsertKnot command does
not change the curve or surface shape.

Press Enter to complete the command.



1.6 NURBS Surface
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Command: _Rebuild
Select curves, extrusions or surfaces to rebuild:
Select curves, extrusions or surfaces to rebuild. Press Enter when done:

Steps

Click Preview to see what the rebuilt surfaces will look like.

When you are satisfied with the results, click OK. Cbuid Surface v
Calculate
: . . . . Paint count
The calculation tests how far away the new surface is at knot line intersections ve 5 =
and half-way between knot lines. Conducts tests at knot line intersections and ve s E
halfway between knot lines. Pree
The display color indicates how far away the new surface is from the original. u@ 3 =
Points are green if the surface is within absolute tolerance, yellow if it is v |3 B
between tolerance and 10 times tolerance, and red if it is farther away than Options
th t [ Delete input
at. [Jcument layer
The lines are 10 times longer than the measured deviation in the direction of [ Retrim
the deviation Maximum deviation
Calculate | 0.311517
Cancel Preview
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Command: _CurvatureGraph
Select objects for curvature graph display:
Select objects for curvature graph display. Press Enter when done:

Steps

Select curves or surfaces.

A graph showing curvature appears on the selected curves, and the Curvature Curvature Graph
Graph dialog box appears. Display scale
Adjust the length, frequency, color, u- and v-direction display of the curvature PRI
indicators using the controls in the Curvature Graph dialog box. Ve
Even when other commands are started, the curvature graphs and the Curvature PRI
Graph dialog box persist until you turn them off. Curve hair

Surface hair

Add Objects

Remove Objects
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Command: Curvature
Select curve or surface for curvature measurement:
Select point on surface for curvature measurement ( MarkCurvature=No ): =
Surface curvature evaluation at parameter (63.3151, 24.0892):

3-D Point: (-46.6978, 2.82284, 3.01725)

3-D Normal: (0.0396095, -0.332032, 0.942436)

Maximum principal curvature: 0.0150292 (-0.312719, 0.891676, 0.327292)

Minimum principal curvature: -0.000658602 (0.949019, 0.307682, 0.068514)

Gaussian curvature: -9.89826e-06

Mean curvature: 0.00718529

Steps

Select a curve.

The curvature radius of the curve at the marker will display in the status bar, and a black
circle of that radius will display tangent to the curve at the marker. A white line tangent to
the curve will also display.

White points mark the maximum curvature points in a portion on the curve where the
curvature starts to decrease in both directions from the points.

Black points mark the minimum curvature points where the curvature circle jumps from
one side of the curve to the other side. The curvature at the black points is always 0.

Pick to mark the curvature with a circle, or press Esc to end the command.




1.6 NURBS Surface

Zebra Options
Stripe direction
. - (®) Horizontal
= 4L J v = () Vertical
1.6.14F 5% IMENLE /DI D4 Zebra & ==
Command: _Zebra Medium v
Select objects for zebra stripe analysis: e
Select objects for zebra stripe analysis. Press Enter when st
done: Adjust Mesh. ..
Creating meshes... Press Esc to cancel Add Objects
Remove Objects
Steps

Set the stripe direction, size, and color.

Set the stripe color to contrast with the base color of the object to see the zebra
stripes.

The first stage is to set the detail level for the analysis mesh. You can increase the
density of the mesh if the level of detail is not fine enough.
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Command: _CurvatureAnalysis
Select objects for curvature analysis:
Select objects for curvature analysis. Press Enter when done:
Surface Curvature Analysis Summary:
Gaussian curvature: -0.014298 to 0.0027492
Unsigned mean curvature: 7.4116e-05 to 0.14077
Unsigned maximum radius of curvature: 24.045 to +infinity
Unsigned minimum radius of curvature: 3.5923 to 157.32

Gaussian/Mean/Max radius
/Min radius

 curvature

Style

|Eaussian

Curvature range

P (0.0024633499

I 0.0024633439

I Auto Range

| Max Range

Show isocurve

| Adjust Mesh

| Add Objects

| Remaove Ohjects




1.6 NURBS Surface

1.6.16i@%)% &

Command: _EndBulge --——\\

Select curve or surface edge to adjust:
Select point to move. Press Enter when done
( Continuity1=Curvature Continuity2=Curvature ):

Steps

The EndBulge command lets you edit the shape of a curve without changing the tangent direction

and the curvature of the curve. This is especially useful with curves that conform to other geometry, -
as with the Blend command.

The curve's control points are constrained along a path that keeps the direction and curvature from
changing.

Turn on the CurvatureGraph when using EndBulge to watch the graph change while the curve is
being adjusted.




1.6 NURBS Surface
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- Command: _UnrollSrf (FEAFIBUnrollISrfiERERhino$5REEZRARXR)
- Calculating starting area... Press Esc to cancel

- Select curves on surface to unroll ( Explode=Yes Labels=No

. KeepProperties=No ):

- Calculating starting area... Press Esc to cancel

- Areais 1.2125 sq millimeters (0.05 % ) bigger after unrolling

- One surface unrolled.

- Steps
Select surfaces or polysurfaces.
Select curves on the surface.
This is useful if you are trying to develop a trimmed polysurface. In situations
in which the surface cannot be developed, remove the trim curves, develop the
surface and curves, and then re-trim the developed surface with the trim curves.




1.6 NURBS Surface
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Command: _Pull [
Select curves and points to pull (Loose=No Deletelnput=No OutputLayer=Current ):

Select curves and points to pull. Press Enter when done ( Loose=No Deletelnput=No OutputLayer=Current ):
Select surfaces and meshes that pull ( Loose=No Deletelnput=No OutputLayer=Current ):

Select surfaces and meshes that pull. Press Enter when done ( Loose=No Deletelnput=No OutputLayer=Current ):
Pulling.

.. Press Esc to cancel

Steps

Select curves.
Select the surface to pull the curves back to.

Notes

When exiting the command, the newly created curves will be always be selected without regard for pre-selection.
Use the Pull command to create complex trim curves, such as a curve that goes most of the way around a cylinder.
Use the Project command if you know what the trim curve looks like from a single viewport.

Use Pull command if you know where on the surface (in 3 D) the trim path should be. Use curve commands to draw the curve, drag the
control points or edit points to move the curve near the surface. Then, use the Pull command to pull the curve onto the surface. You can
also use the InterpCrvOnSrf command to create a curve on a surface.

When drawing the curves, use the fewest control points possible. This guarantees the smoothest possible trim curve.
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Command: _Project

Select curves and points to project (Loose=No Deletelnput=No OutputLayer=Current ): |
Select curves and points to project. Press Enter when done ( Loose=No Deletelnput=No OutputLayer=Current ):

Select surfaces, polysurfaces and meshes to project onto ( Loose=No Deletelnput=No OutputLayer=Current ):

Select surfaces, polysurfaces and meshes to project onto. Press Enter when done ( Loose=No Deletelnput=No —==ay V
OutputLayer=Current ):
Projecting... Press Esc to cancel

Steps

Select curves and points to project.
Select surfaces and polysurfaces.

Notes

You can select all the projection objects and target surfaces before starting the command.

The curves are projected vertical to the construction plane that is active when the surface selection
is completed.

If the projection misses the selected surfaces and polysurfaces, a curve will not be created. Make
sure the correct construction plane is active when you select the surfaces.

The Pull command will suck the curve back toward the surface by closest points. The Project command will not work in situations where
you want to pull a curve onto a cylinder when the curve goes most of the way around the cylinder. Use the Pull command in this case.

The Project command creates complex curves that can be simplified with the Rebuild command. You will need to be careful with the
Rebuild command and use enough points to keep the curve trimmable.

The Project command can be faster than Extrude followed by Trim or Split.

Smooth projection curves create smooth trim curves. Basic shapes like ellipses, circles, lines, and free-form curves work well for
projection curves.
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Command: _FlowAlongSrf

Select objects to flow along a surface:

Select objects to flow along a surface. Press Enter when done:

Base surface - select near a corner ( Copy=Yes Rigid=No Plane):

Target surface - select near matching corner ( Copy=Yes Rigid=No Plane ):
Flowing objects along a surface... Press Esc to cancel

- Steps
Select objects.
Select a base surface near a corner.
Select the target surface near a matching corner.
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1.7.2 =55 TR 4m%ECageEdit #]
Command: _CagekEdit
Select captive objects:
Select captive objects.
Press Enter when done:
Select control object (
BoundingBox Line
Rectangle Box
Deformation=Accurate ):
Region to edit <Global>
( Global Local Other):

[ 1

Rectangle Accurate Global Local



] 8 XX & E Polygon Mesh Detailed Options
- - I N | oy
Maximum angle:
Maximum aspect ratio:
Minimum edge length:
RS = ply A Maximum edge length: 10.0

] . 8 ] ] ?EN U RBSEE&?#% Im1:% (H’E '% % Z’ ) @; Maximum distance, edge to suface:

Command: _MeSh Mirimurm initial grid quads: D

Select surfaces, polysurfaces and extrusions to mesh: [ Refine mesh

Select surfaces, polysurfaces and extrusions to mesh. Eé?ﬂﬂid;:::: G T

Press Enter when done: Cancel Help Preview | | Simple Controls...

A mesh is a collection of vertices and polygons that define the shape of an polyhedral object. Meshes in
Rhino consist of triangles and quadrilaterals.

Rhino creates triangles and quadrilaterals meshes for export into various file formats. If a mesh is
generated from a solid, the mesh will be seamless/watertight.

Notes

The meshes created by the Mesh command are visible and editable, and separate from the NURBS
objects they were created from.

The meshes created by any shaded viewport display mode on NURBS surfaces and polysurfaces are
invisible. They can be updated from the NURBS object with the RefreshShade command, and can be
extracted with the ExtractRenderMesh command.

Seamless (watertight or closed) mesh

Rhino creates triangles and quadrilaterals meshes for export into various file formats. When surfaces
are joined together in Rhino, the meshes along the joined edge have coincident vertices. If a mesh is
generated from a solid, there will be no holes in the mesh. This is valuable for export to STL rapid
prototyping files.

Mesh vertex

The location where the edges of the mesh faces meet. The mesh vertex (plural vertices) contains x-, y-,
and z-coordinates and may contain a vector normal, a color value, and texture coordinates.
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Command: _MeshPatch

Select curves and points. ( AngleTolerance=15 StartingSurface ):
Select holes. ( AngleTolerance=15 StartingSurface ):

Creating mesh... Press Esc to cancel

Steps
Select curves and points.

Select closed interior curves to be used to create holes in the mesh, or press Enter to create a mesh
with no holes.

Closed curves used as the inner boundary are treated as holes.

Command-line options

AngleTolerance

Used to make polyline approximations of curves. If only polylines are selected, this setting has no effect
on the final output.

StartingSurface

Use a reference surface that is similar in shape to the mesh you are trying to create. The surface will
influence the mesh shape.
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- 1.8.3Extract mesh from NURBS control polygon
. {8ZINURBS surfaceri#zHl S Mg &

Command: _ExtractControlPolygon

Select curves or surfaces to extract control polygon ( OutputLayer=Current ):
Select curves or surfaces to extract control polygon. Press Enter when done

( OutputLayer=Current ):

Steps

Select curves or surfaces.

This creates polylines and/or meshes that have vertices at the original objects' control points.
Options

OutputLayer

Specifies the layer for the results of the command.
Current

Places the results on the current layer.

Input

Places the results on the same layer as the input curve.
TargetObject

Places the results on the same layer as the target surface.
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1.9.1TsTEEREENT AT (L)
tsConvert: i@, MigEEHRAtSEHE

Converts an untrimmed NURBS surface,
Rhino mesh, or .obj file to a T-spline.

Converting NURBS to T-splines:

Trimmed NURBS surfaces will lose the trimming data when converting to T-Splines. T-
Splines surfaces don’ t support trimming information.

Any untrimmed, degree 3 NURBS surface can be converted directly to a T-spline, since
T-spline surfaces in Rhino are all degree 3.

NURBS of degree 4 or higher can be converted to T-Splines, and will be rebuilt to degree
3 during conversion.

NURBS of degree 1 or 2 can also be converted to T-Splines. In the tsOptions, there is an
option to "Rebuild when increasing degree” when converting degree 1 or 2 NURBS to T-
Splines. If this option is checked, the surface will be rebuilt, which may change the
surface slightly. If this option is not checked, the surface will be degree elevated. This
will ensure that the surface shape does not change; however, there will be creased
control points in the model which will make it difficult to smoothly manipulate the T-
spline surface.




- 1.9.1TsTEEREENTA] T
. tsConvert: (5%

Converts an untrimmed NURBS surface,
Rhino mesh, or .obj file to a T-spline.

- Converting meshes to T-splines: )

Conversion of meshes to T-splines is easy. Each mesh control point becomes a T-spline
control point. The T-spline surface won’ t pass through the points, but will be a smooth
surface derived from the points. The more points there are on the mesh, the tighter the
T-Splines surface will be hugged to the control points.

Warning: .stl meshes
Do not attempt to directly convert .stl files to T-Splines. The resulting surface will be too

large and Rhino will crash. Instead, you could try reverse engineering the mesh by using
the tsAppend command with RetopoSnap on.

Warning: triangle meshes
Do not attempt to convert triangle meshes to T-Splines. The resulting surface will be too
large and Rhino will crash. It is okay to have a few triangle faces in a mesh that has

mostly four-sided faces, but if you have more than 20-50 triangle faces your computer
will likely run out of memory.
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1.92TsTE#REBMTH2: S
_tsSmoothToggle:

Toggles the T-Splines surface between
smooth mode and box mode. A
T-spline can be viewed as a smooth
surface or as a boxy mesh. On complex

models, manipulating in box mode can be much faster, while
smooth mode can be used to check the aesthetics and dimensions of
the model. To toggle between box mode and smooth mode, select
the object you would like to toggle, and press the tsSmoothToggle
icon. If you are in edit mode, you can also press the TAB key to
toggle all T-splines in the scene.

P Esmoothik7s, FiEfEtsmesh5tssurfacez g (THHe, HIRE T X
MsTEFZ L rhinod AR BT & 2 H (3 Z E/h )1 2 1%
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1.93TsTAEEREEMNTAI:T (AH#)
tsConvertToRhinosurf:

Converts any T-Splines surface to a
Rhino surface or mesh.

The conversion is precise, will not
deform the surface, and maintains

continuity. If there are no star points in your surface, the T-Splines
surface will convert to a single Rhino NURBS surface. If your model
contains star points (and is therefore not rectangular), it will be
converted to a polysurf.

A LAFEts g s i Arhino4g, i&EfCtsHImEmsE#Arhinohm (ZEfhm)
5_tsSmoothToggleB &1 A AT LIEE#Rhino M4 JIRhinofhH (ZERIE)
IR RIEERhinOMAR-> B () -> 8 -> B (A#) /5_Explode
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1.94TsTREEEREZNTES:
_tsLoft: |
Creates a T-spline surface that can contain varying amounts of detail.

tsLoft keeps control points out of areas where they are not necessary,
and can make for easier editing. The number of control points in the

T-spline lofted surface is determined by each curve.

Moderate T-spline loft (more points) Exact T-spline loft (most points)
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1.95TsTEE=HFEENTES:
tsFromLines :

tsFromLines provides a way to make complex surfaces with
predictable results. It can also be used to create custom
primitives that are closer to the desired final shape than the
default primitives. It can generate a closed or an open single
surface, rectangular or not, with holes and all kinds of different
topologies.

To use tsFromLines:

Select one or more networks of lines or polylines and hit enter to
create a preview mesh of faces. This preview is the best guess of
the command at what your desired layout is, and is determined
according to the MaxAutoFace option.

If the preview includes faces that you do not want to include in
your final model, select (click on) faces to remove them from the
preview mesh.

Click on edges to add faces to the preview mesh. A popup box of
possible faces will appear; just select the desired face. You can
control how many faces will display in the popup box using the
MaxManualFace option.

Edges which are not connected to any faces are highlighted in red.
Vertices which will result in a non-manifold mesh are also
highlighted in red. Non-manifold vertices are automatically
repaired, but may not give you the result you're expecting.
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