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How to Express Design
Intent in Rhino 3D

Part I. Assembly Design and Kinematic Simulation
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Introduction

RhinoceroSis a 3Dcomputer-aided design (CAD)application developedor Windows since 199By
Robert McNeel and Associates (Seattle, WA, U®A¥ popularly known asRhinc, and is used by

more than 150,000 professionals around the globe for its powerful freeform modelifgA y 2 Qa f A
fees start below $1,000, yetsifunctionalityis similar to thatfound in productdypicallycosting 20 to 50

times more It is lased onthe open 3DM file format, which isavailable to any software developer for
reading/writing in the framework ofhe openNURBS initiativeAs a resultRhinois bundled with120+
third-party plugins’. Its interface, features, and commandse familiar to CADusers and allowthem to

easily work out complex 3D design problenhing however, lacks ofone important capability: it
cannotspecify the behaviothat should occuwhenits 3D modelsare changed

CAD modea are more thanjust collectiors of geometric shaps they also contain design information
calleddesign intent Design intengovernsthe relationshifs between features in a parand between

partsin assembkes It can be likened to Aow-to specificationfor whenthe geometryis modifiedin the

future. Usually changes in one paot the modelrequire intelligent modification of other features and

LI NI ad 5Sairay AyiS ywhathapgedsit iNddiatjedeSai ithig BoldsicBanged®,] S d
AdWhat if this lengthisincreased®, and dWhat if this partis movedZ.

Rhino lacks design intent. To remedy thig, present a tootalled Rhino Assembly thaaptures design
intent for Rhino.Asa plugin application it runs directly inthe Rhino environmentlt allows Rhino users
to usegeometric constraintand driving dimension$or intelligent modification of 3D models consisting
of rigid parts.Once the plugn is installed, sers can easily assemble complex mechanismshaerttest
the kinematicg2o see moving mechanisms in actidime smplicity ofthe Rhino Assemblyser interface
hidesthe strong mathematial algorithmsused in this softwarewhich comdrom the field of geometric
constraint solving. The corresponding computatibtechnologyhas been undedevelopmentsince
2001 by LEDAS Ltd., a Russian scigntansive software development companyhe technologyis
mature enoughto be used in many CAD, CANkbihputer-aided manufacturing), and CAEomputer-
aided engineering) packages, most of theraw available on the marketommercially*®”8°%.

Since 1999 LEDASas specializedin creating parametric engines for CAD/CAM/CAE and other
applications. Recently LEDAS announceavitsline of enduser products undethe Driving Dimensions
trademark. Driving Dimensiongs a set ofplugin modulesthat provide advanced parameterization
capabilities topopular 2D and 3D modeling systemsuch asSketchUp and Rhindriving Dimensions

are based on Variational Direct Modeling technoldgwhich uses histosree editing model elements,
presenesdesign intentasexpressed by explicit and implicit driving dimensions (linear, angular, radial)
and geometric constraints. Simultaneous satisfaction of geometric and dimensional constraints is
achieved with LGS 2D/3D geometric constraint sel¢&t which LEDASakesavailable for licensing to

all CAD developers.

This paper presents the functionality Bhino Assembly, the first Driving Dimensions gtufpr Rhing
and describe the conceptual ideas behind iThe paperconcludes with aroutline of our ideasfor
future products for Rhino.



Design Intent in History -Free Environment

Experienced mechanical CADICAD)designes will find that RhindQ éser interfaceis similar tothat of
other mainstream systes Designers follow the usual procedudeaw 2D contows, extrude hemto
make 3D soligl blendedgesaddholes, and so on(Fig.1).
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Fig.1. Solid modeling in Rhino: (a) creatia2D contour, (b) extruding it to make a solid,
(c) blending its edgeand(d) addingholes

There is however,a strong difference between Rhino and oth&ICADsystems such asro/ENGINEER
and SolidWorks in how models are editedIin Rhing for example,it is not possibleto change the
diameter of hole by simply clicking onhem. Rhino cannotthange theradii of fillets. Andwhen the
initial 2D contouris edited the 3D soliddoes not changeThistype of behavior is unexpecteby typical
MCAD uses,who would becomerather disappointedn the software

The reason of this behavior is very simplhile most MCAD ystems are historpased,but Rhino is

not. It does not remember changes, knowollectivelyas design history whichis a common way to
express the design intent. History is likeeaipe when youwant to change something ithe model, you

first modify the recipe and thenthe CAD system automatically rebuilde model according to modified
recipe The recipe or historytree, is usually implemented on top aumb geometry, the so-called BRep
(boundaryrepresentation of a solid model.



The history-basedapproach is commothroughout nearly almodern MCAD systemsut there isan

alternative available that allows design intent to beexpresgd in historyfree environmens. The

approach consist®f applying geometric constraints, driving dimensions, engimgeequations, and
other declarative specificatioren top of BRep(For simplicity, wewill use the wordconstraintsfor all of

these)

Constraints have nothing common with design history. They can be added to the model at any time:
when you create e model and when you modify it. Moreover, you can add constraitd dumb
geometry obtained fromother sources:downloaded frompublic 3D model databases, imped from

other CAD systemtranslated fromlIGES/STEP filemd so on Theprimary problemwith history is that

it cannot be addedo existing moded; historyisonly created agou createa newY 2 RSt @ ¢tKel (1 Q&
history-based approackamot work in many situations

Constraints are simpler than histotyees becausahey have no orderAll constraintsare equal and all
are satisfied simultaneouslyhisis very different from rebuilding model usinga history tree. At any
time you can remove any existing constranwith no impact on other constraints, since all are
independentof each othe. Manipulation with unordered liston independent entities is simpler: you
easily sorandfilter constraints by their name, typ@andargument.

Sme constraints however, do have the same parametersas do features in history trees These
parameterizedconstraints are calleddriving dimensiong becausethey usually correspond to lengths,
radii, distancesand anglesof objectsin modek. Driving becausemodels can bealriven with using
parametes. Br example, when you edithe value of a driving distaace value,the model is
automatically changed to satisfyné new value Thisis different from the usual type of (driven)
dimensions, which just measuabjects, andare recomputed when you modifhe geometry. You can
link the parameters of driving dimeins andfree variableswith engineering equationsusing both
standard math functions and external procedures.

Summarizinggonstraints area powerful way to express your design intent in histénrge environmens.
You can add, removand modify them easily Naturally, yu can combine them witbther knowledge
based engineeringeatures In the remainder of thispaper, we considerthe LEDAS implementatiopf
constraintsthroughthe RhinoAssembly plugn.

" Some MCAD systerseem to usentelligent tools to restore historyreesfrom dumb geometry, but they work
properly only for typical models



Assembly Design in Rhino with Constraints and Driving Dimensions

Assembly design ia typical application where constraints are commoniged even in historybased
systems.The Rhino Assembly pluig is the first LEDAS Driving Dimensions applicatiorMizideel &
I & a 2 ORhinac&aistftware. It was chosen athe first one, becausthe corresponding functionality
is familiar to most MCAD users.

There are two welknown approachesn MCADto assembhg parts top-down and bottom-up. Inthe
top-down approachyou begin bydesigning an empty mechanisiindthen createthe geometry forits
parts, one byone. Youplae them according to your desigroncept By using this approach, you can
designsimpleassemblies in Rhino, such agiston engine(See Fig2.)
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Fig.2. A smple piston engine in Rhino

Butthe model contairs nodesign intent just asanyother model inRhind For exampleywhenyou move
the pistoninsidethe cylinder,Rhino givegyou the incorrectresult shown inFig.3a: only one partwas
moved The evident design intent however, wasto obtain the result illustrated byFig. 3b, where
translation ofthe piston implies the rotation ahe crankshaftconnected with the piston vithe rod and
a pin Howdoes oneget this workingcorrectlyin Rhino?
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Fig.3. Movement of the piston: (a) design intent is broken (default Rhino behavior),
(b) design intent is kept with using Rhino Assembly-piug

Imaginethat you havethe piston parts eithertaken froma standard parts catalogue or designpct
now. (e Fig. 4 Instead of the topdown approach,ri this case theébottom-up approach to assembly
design should bemployed you position each parin 3D spacewith respect to theothers. In Rhino,
however, his is ot very easyasit requiresmuchmanipulation by hand.
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Fig.4. How to assemble disjoint parts together?

How to keep the design interihtact when you move pag? How to simplifyyet speead-up the bottom-
up assemblyprocess? Rhino Assembly plimgcleaty answers these question¥ou can obtain a free 30
day evaluation copy froraur Web site at www.DrivingDimensions.com

Afterinstalling the plugn, you will find the followinghew toolbar inthe familiar Rhino environment:

CESlsloMiedmER

Fig.5. Rhino Assembly toolbar


http://www.drivingdimensions.com/

By usingthis toolbar, you can easily add geometric constraints betweeigid parts. They can be
appropriatelyplaced in paition, asshown byFig. 2 or left scattered asin Fig4.

Bottom -Up Design
[ S G Qa firsoV@tH the/parts scattered, and theassemble the pistorfsee Fig. 6a) To put thepin
inside the round hole of the pistogou need only three mouse clickgth Rhino Assembly pluig:

1) Clickthed! RR / 2y OS ),@\m DAEsendblytdolBe? v
2) Click thecylindrical sirface of thehole in the piston.
3) Click thecylindrical surface of thpin.

When you clickhe ¢Add Concentricity or similar icon, you are asked to select the argumentsttier
new constraint. Once youahoosethe arguments, the constraint isreated and resolvedimmediately
(simultaneously with other constraints already presenthie model). After creatingthe concentricity
constraint between theink Y R (i KS LIREindidnyeidtely&ehtesSplacementsimilar tothat
shown inFig. 6b,which can bethen arranged to the final one (Fig. 6@fter applyinga tangency
constraint' between one flank of thgin and outer cylindrical surface of the piston (threeore mouse
cicksa G NAy3 gAGK &l RR ¢l yaSyodeé¢ A02y

The next step is tgoin the piston with the connecting rodirst add concentricity between the smaller
round hole of the rod and cylindrical surfacetbé pin. You should user K A yp@nQzéom and rotate
commands tasimplifythe selection processThe result should look likeg. 6d.

Thework remainingis to shift the rod along thein to center it For this, applya coincidence constraint
between thecorresponding planar faces of the piston and the rod to make thenemath other (Fig.
6e). After a total of just twelvanouse clicks (plus some paoom androtate commands)the pistonis
assembled

LlStrictly speaking, the tangency constraint is not a correct choice here, because the endsiofwhiegtick out of
the piston; in the next section, we correct this problem using distance driving dimensions.
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Fig. 6. Assemblingjston: step by step

It is important torealizethat the Rhino Assemblplug-in is much more than just a tool for plag rigid

parts together easily When you nowmove and rotate the piston (with w K A yrégn§f@m commands)

you see both thepin and connectingrod follow the pistoncorrectlyd L (G Qa (A i Q Byoutyr K B &
created a model that encapsulates rjust geometry, but also design intent.

But the assembly isot yet finished for the piston needs to be placethside the cylinderBy row you
should know how to ddt. (If not, follow this stepapplythe concentricity constraint between the outer
surface of the piston and the ien surface of the cylindey Our Rhino Assembly pldg considersall
surfacesas infinite if after this operationthe piston is notplacedin the cylindercorrectly(as inFig. &),
move itto the desired positiorwith the mouse. Youwow know that when you move the piston, all
subparts pin, rod) are moved together

Now something more interestingccurs when you movehe piston the cylinderis alwaysconcentric to
it! Thisallows you to easily place the piston at the desired position along the cyli(SieeFig. 7b)
























