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Top-Down Design-A Method for

Pro/ENGINEER Users Table of Cot

P:

by Jason Clark, OceanWorks International

A lot of people assume that top-down design (TDIXpb cumbersome and
time-consuming to use. But these same people spéotdf time tweaking
models and blame the computer for faults. At thet @a design cycle, though,
you can bet that systems built with top-down deswjhhave required less time
and end up being more robust.

The following tips build upon the information presed in my previous Proffile
article, “Reverse Engineering.” For those of yowvdidn't read that story, I've
included a summary of Pro/ENGINEER's TDD toolseaddition to guidelines
for planning and implementing a top-down approach.

Parametric Autonomy

Pro/ENGINEER is a parametric modeler at its colee price you pay for this
power, however, is that it creates parent/childtrehships. With the toolset
Pro/ENIGINEER provides, we can easily weave ouesinto a mess of
circular references that overload our hardwareebkag our own patience.

Parametric autonomy—perhaps the Holy Grail of topsd design—s a methor
to gain parametrics across far-reaching models fxa@imgle interface while at
the same time minimizing parent/child relationshidshough it requires a little
upfront planning, and sometimes duplicate workreating geometry and
relations, parametric autonomy offers some imporavantages:

huge reductions in time spent tweaking data inrs¢wveodels

rapid alteration of models and design intent fromiaimum of input
points

documentation of design intent, and

more efficient use of computer hardware.

Overview of Top-Down Design Tools
Here’s a quick summary of the TDD tools that ProEENEER currently offers.

External Reference Contr«. Available through the Utilities menu, this tool is
really handy for protecting your models from intieg references from
unauthorized locations. Referencing from skeletsrmest because the skeleton
models are the foundation of your design and ang¢ralbed against change. Y1
can also choose settings that allow only publighesmmetry to be selected, and
color or hide forbidden references.
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Most favorable settings for External Reference @ont

If you're using “mirror” to create parts or assemb] you must change your
scope setting frorekeleton_modeb all.

Global Reference Vieweilhe global reference viewer (GRV), the granddaddy
of the top-down design tools, tells you where yexternalreferences reside. If
you've made copy geometry features, the GRV wilyte1 see them.
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Info: Parent/Child. Similar to the global reference viewer, this tebbws you
any parent/child relationships. You can access R#ent/Child using either the
right-click option on a feature or thefo top-menu.
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Skeleton Model. Skeleton models provide the foundation for ouapsetric
autonomy paradigm. The function of the skeleton ehdglto:

containkeyassembly constraints

act as a conduit for “sketching” a design by addjegmetry to
complement a layout

serve as the hub of data sharing

allow assembled components to interact with theqassembly,
insulating it from failure of component placement.

Layouts. Layouts generate the key input data for skeletorglels, assemblies,
and relations. Using a static 2D sketch along wahameter tables, we can
communicate design intent and produce a histoeyddésign’s evolution. A
layout immediately reveals what the important dat@are and what the design’s
key dimensional constraints are. You typically lageuts from large assembli
down to a medium-size subassembly. Occasionaligtface layouts are used to
control bolt circle information or connection infoation that may not be
suitable to document on a subassembly layout. (Mboait layouts later.)

Data Sharin¢. Pro/ENGINEER’s copy geometry toolset is ultimgtis
Achilles heel. Sloppy use of copy geometry yielulsutar references and a
terrible mess of parent/child relationships thaidoice a model that’s slow to
regenerate. As a result, it's better to use pubtisieometry, which lets you
“gather” references that can then be availablei$ar outside the host model.
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Using published geometry forces you to manage antt@ your copy geomet
references. Think about a team environment. laanteeader is managing the
assembly, it is his or her responsibility to cohthe references and the general
constraints of the assembly. By using publishedwgtoy, a team leader can
therefore decide which references are valid andigfuthem for use, thus
minimizing the problem of bad references. (Redal External Reference
Control option of “published geometry only.”)

Important! If you make copy geometry “independent,” miat use copy
geometry. This rule is paramount. Once you make ggmmetry independent,
the management and tracing of errors becomes esflydime-consuming.

Packaging Componen. Packaging is a great way to rough in component
placement as you sort out your design. A good tigcienis to rough in your
component placement (using packaged componentslifynyour skeleton,
sketch in datum geometry (without referencing thgonents), and then
redefine your packaged components to referencskigleton.

Relations. Relations are the way to link the data input valitem your layouts
to your skeleton, part and assembly features. Usigig operations and
condition statements, you can create geometrycdraadapt under certain
conditions.

ModelCHECK. While configuring ModelCHECK is outside the scayfehis
article, 1 do want to mention that this tool godsrag way toward helping to
develop and maintain consistency in your modelrmgtion. ModelCHECK
will warn you about copy geometry references, ewkreferences, layer
configurations and parameters. If you can set suad configuration of
models, parameters, and such, ModelCHECK helpswaiatain the
consistency as well as future enhancements you twantorporate (e.g., new
parameters or renaming parameters).

Planning and Conceptualization

During the planning and conceptualization phaserough in our assembly and
create our skeletons and layouts. Unfortunately,ihthe stage that overwhel
most users new to TDD and the one skeptics compéies too long. Once you
have a procedure everyone follows and then pragstiemvever, | don't find that
using TDD upfront adds much time to the finishedige. In fact, planning is
the most important step because we want to form—dacdment—our design
intent. While all CAD systems lack good tools foistdocumentation process,
Pro/ENGINEER makes up for this deficiency somewidyaintegrating layouts
and skeletons.

Home Coordinate Systel Your “home” coordinate system is the one that’s
common to all of the assemblies and subassembligsur drawing tree. For
example, if you were designing a car, you'd hawseawlies for body, engine,
and interior. These are major assemblies thaterétabne another, so they wo
share a common coordinate system.
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Layouts Layouts let you sketch out your 2D representatigmefer to use
imported AutoCAD data or IGES data, but in a pigoln can do some
rudimentary sketching in Pro/ENGINEER. In geneyal) should have one
layout for every major assembly and possibly anotime for each level below.
Remember, the idea is to capture layout data shepiecific to the assembly
you’re working on.

Tips for Developing Layouts

Place all interface datums in the layout using mopaming conventions.
Be aware that the yellow side of the datum getateckby the direction in
which you pick your points when placing draft dagjso practice and g
used to it. The datum direction is only importdntau plan to use layouts
for automaticplacement. Identify your home coordinate system if
applicable.

Keep a table showing parameters pertaining onlgheodesign and not to
the layout itsel{e.g., naming/part numbers for layout tracking). T
facilitate this, | use a naming convention to filkait layout-related
parameters, typically prefixed by “LY_". Be sureit@lude a comment
column to describe the parameters’ usage. You naay to create a
standard table that you can retrieve, thus creatisiggndard look.

FOCUSI!I cannot overemphasize the importance of keepig layouts
focused. This is particularly vital because you danlare multiple layou
to assemblies and parts. For example, don’t purpeters for bolt circles
on a layout that is for placing subsystems forttpelevel assembly. To
keep your layouts simple, you may have to make rti@e one.

Avoid declaring layouts to each oth&therwise, you can end up with a
mess of parameters declared to parts that areeqoired.

Use meaningful names for your key datuiige terms you use for your
base datums will be the same as those for yous,psetletons, and
sometimes assemblies.

And remember: the layout is an excellent placedoesdesign notes and
document your design intent.

Start Parts and LayeringBefore creating any geometry, it's best to plan out
what information will be required from the parts—pityally in the form of
parameters. If you already have start parts or k@i@g you're probably all set
but you might read through this section to be sotgve covered your bases.

Start parts are great simply because you can dafiagering rule, default
parameters, default relations, and so forth. Qungatour defaults in your start
parts also eliminates the need to do this withiggmfo options, which never
really worked well. When you create a start péig,a good idea to use a base
start part with features common to all parts. lkaestart part for skeletons,
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piping parts, sheetmetal parts, and machined parts.
Tips for Using Start Parts

Default layer items are best served by associanigy items to be placed
automatically on layers. You can set your layempprties either during creation
by using the “new layer” button or by right-clickinhe layer and selecting
Layer Properties. When you name your layers, irekdligit in the prefix so
you can organize the layers in sequence.

The “isolate” function in the layer box is ideal foutting your assembly datums
on a layer. Isolating a layer in effect tells PA@ENEER to ignore the status of

any items in the layer. This means that even ifitdras are on other blanked
layers, Pro/ENGINEER will still show them.

Setting the Layer Property
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Sample Layer Scheme

Modifying Layer Propertie
Recommended Configuration Options

Below | have listed the recommended options foryamunfig.pro and/or
config.sup files. Use the config.sup to prevent usgependent config.pro
settings. (You will need to consult the PTC docutagon because some
config.pro options do not work properly when plaaethe config.sup.)

RECOMMENDED CONFIGURATION OPTIONS

OPTION SETTING
allow ref scope chan yes
default ext ref sco) skeleton mod

default object scope sett |skeleton mod:
lenable component interfar |yes
[force new file options dial [yes
maintain_limit_tol_nominal |yes

[modelcheck enabl yes
[multiple _skeletons_allowt  |yes
[new parameter yes
[new relation t yes
open_simplified rep by defalyes
sketcher intent manag yes
scope invalid re [prohibit

Default Datums The default 3 planes and coordinate system ustelyires an

axis. Create any default datums you feel are nacg$sr most part
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Parameters and Relation Default parameters are used for consistency and
compatibility with any formats youk defined. You can add parameters use
describing the part, bill of material informaticand weight calculations.
Pro/ENGINEER 2001 introduced a new parameter uderface as a hidden
option, which you can use by setting the configorabptionnew_parameter_ui
toyes

Adding relations to your start parts is also gqhiédy. For example, you can
create relations to store the mass of a part atua wr automatically add a
prefix to your part number. In Pro/ENGINEER 200&uycan use the new
relation user interface by setting the configurat@tionnew_relation_uto yes
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Settings to store last known value for weight arehter of gravity.

Skeletons Skeletons form the geometry prescribed by theuay®ince they are
very lightweight and very fast to regenerate, bramend having a skeleton for
each assembly. If I'm working on an assembly timdy das a few components,
I'll sometimes use assembly datums rather thareke&in. But if your assembly
has three or more components, skeletons are a bbtiee.

Multiple skeletons in an assembly are highly useidihen dealing with
subassembilies that affect each other, | add tHetskefrom one assembly to t
other as aecondaryskeleton. Remember that the first skeleton isqalac
automatically, so you want that skeleton to bewvestio your subassembly. W
you add other skeletons, you can then place them.

Tips for Using Skeletons
Name your interface datumisfind that using a prefix like “SK_"
followed by the datum name used in the layout alopick identification
during query select.
Use a layer scheme, typically defined by your giarts.Don’t be afraid

to add more layers to group key datums. (By udiegsblatelayer option
you will see only the datums required for assembly.
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Component InterfaceComponent interfaces allow you to predefine your
assembly datums in each part so that, at the tiraesembly, there is no
question about which datums to use. This optigrarsicularly useful when it's
time to pass designs off to others. Componentfaates are a hidden option in
Pro/ENGINEER 2001, which you must turn on usingabefiguration option
enable_component_interfacasd selectinges

Copy Geometryldeally, you should limit the use of copy geomets much as
possible. The nasty thing about copy geometryagptirent/child relationships
that it can create. Imagine working in a large adsg consisting of a few
hundred parts. If you make a copy geometry to aipa subassembly,
Pro/ENGINEER stores the reference required to regde the copy geometry
the part. To redefine the copy geometry, Pro/ENGREwill now have to
retrieve that assembly with those few hundred pattssession. The retrieval
scenario applies in the Pro/INTRALINK environmestwell, compounding the
problem because Pro/INTRALINK will manage any chesitp the large
assembly across any versions saved.

| suggest using copy geometry for visual referemecdyg. Since we drive our ke
dimensional attributes from a layout, there is miai need for copy geometry.
In fact, minimizing copy geometry helps to fulfdirametric autonomy.

Feature/Datum Naming ConventionsAs mentioned in the discussion of
layouts, datum naming is key to documenting yowigleintent. Naming
features can be just as important as naming dataonsexample, rather than
having “hole 123" show up in the model tree, namirtg “piston_bore” is
much more helpful. I’'m not suggesting you hame yéng, but simply that
you name and document your design intent.

Implementing the Plan

Another place that users get overwhelmed in toprddesign is at the “where-
to-begin” dilemma. | find it best to start with thpperievel assembly and cre.
its skeleton model and develop some geometry wangms. At the same time
also create a temporary drawing of the skelet@xpmrt as a .dxf. | then import
the .dxf as groundwork to insert dimensions (patansgin layout once the
skeleton is well roughed in, or to sketch a 2D gewynreference in another
CAD program. Note: Wildfire 2.0 has great AutoCAOpport (from release 12
to 2000), offerng a host of options for importinguy AutoCAD drawings
cleanly.

1. Create the Skeleton Model
Sketching with curves is excellent because it gtesi
easy references to use to define datum planesxasd a

robust geometric references for copy geometry, wliu can then use to
create part features (althoughttonglycaution against using copy
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geometry for part features), and
a great way to control your datum and surface featin your skeletons.

When using a skeleton to “sketch” your idea, yoll &so be trying to get a
reasonable start on usable dimension values. Tinedgbur design, you'll find
that you do a little bit of skeleton work and tHayout work. You don’t
necessarily do one before the other, and quite dffte process is a parallel
effort.

2. Associate Values from the Skeleton to the Layout

Once you have a working skeleton, it's a good timpopulate a layout that
contains parameters required to drive the key arktse skeleton. Declare the
layout to your skeleton and start associating yalues to your skeleton and
parts.

Another complaint | hear about TDD is that it'sdtoestrictive” and “I cart’edit
dimensions on the fly, since | have to set valnasy layout.”To disprove thes
claims, let's assume you've created datums andesyiand perhaps even some
surfaces in your skeleton. You've also made kewmpaters in your layout with
no particular value since you don’t really know whiaequired.

At this time, declare your layout (Declare optiarthe part menu). To link the
values in your layout to your skeleton, you havergate relations. Donhdo this
quite yet since you have different values in twacgk. You should therefore set
the parameter values from your skeleton into yayolit parameters. Now you
may create your relations and regenerate your @axtourse, nothing will
happen since the values are identical.

Making edits to many values using the layout catebléus. At the same time,
layout does not allow you to use the dynamic dragtionality to “eyeball”
geometry changes. So what you do is simply “comroatitthe relations in the
relation editor to let Pro/ENGINEER temporarily ase these relations are not
required. To comment out a relation, put’d (slash-asterisk combination
without quotes) on the leftmost side of the relatidow start modifying your
feature. When you find the dimensions you like,@yredit your layout with th
values, uncomment the relations, and regenerate.

Creating copy geometry is a step in the processhehgou use it to drive
geometry (not preferred) or as general visual faeklygeometry (preferred). At
this point, we have a working skeleton and laydi can now start creating
some published geometry to contain the workingresfees other designers (or
yourself) are allowed to use for referencing ydeelston datums.

3. Populate Your Assembly

We’'re in the homestretch now. By this time, youpué a lot of effort into
creating skeletons and assembly structure by waylodssemblies and
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subassembly skeletons. You can now integrate pause designing—whether
they already exist or are being modeled for thst fime—into your TDD
assembly structure.

For existing parts, take the opportunity to updeer models to utilize the
layouts you’ve created. Since TDD can be implengkittd existing designs
(see my previous article, “Reverse Engineering8y gan slowly update your
legacy models to take advantage of a TDD practice.

For parts you are now creating, you should assethbleart with its default
datums so that they are the first features of tbdehand less likely to change.
If you cannot use the default datums, be sure tkerngaur assembly datums in
the part as early as possible. As you design yattr keep in mind which
features are going to be driven by the layout.

This is when you get the payoff from parametricoaomy. While copy
geometry may be faster, you pay in the end for misugethe references and for
risking bad references. You will find you model the same “t@at more than
once, but once you link those features with theldyany updates require only
that the layout be in session.

4. Flex the Power

By this time, you've created an assembly, skelefonthe assemblies, and
layouts to drive the skeletons and assembly compenBlow you are most
likely ready to start tweaking for a final desigfou should start to experiment
by modifying values from your skeleton models aagbluts to test your modsl’
robustness.

Summary of Benefits

Since advocating against copy geometry for prodadtiesign is likely to evoke
a lot of complaints, | want to explain my reasonamgl the benefits of my
parametric autonomy approach.

1. Minimal parent/child relationshipghe reason Pro/ENGINEER users
(including experts) get into a lot of trouble isdbgh the parent/child mess we
can create. Whether designers are rushing or sidgiit know better, users
often have to deal with something not regenerdtgpause it cannot find its
reference.

The solution? Minimize the dependencies. Rathar thaate a copy geometry
an assembly, create a layout to drive the geom¥tiy.only have to deal with
two dependencies—the layout and the part it isadtedlto. If you declare the
layout to more parts, those declarations still haweffect on the first part
unless you change the layout. In contrast, if yastakenly create a copy
geometry while in an assembly with 1,000 parts, yeed that 1,000 part
assembly in session to update any copy geor
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2. Rapid changes with skeletoffsdone well, you can create a simplified
representation rule at the highest level of yogseawly and include only
skeletons of everything below it. With layouts atichight geometry
modification, you can make large shifts in your mlogith minimal
regeneration time. After saving your assembly amdraodified skeleton
models, you can then start regenerating the sulmédies to implement the
change. In this way, you reduce the amount of hardwesources at any given
time to ensure safe regeneration.

3. The “shown” dimension debaté/hen it comes to drawing documentation,
the shown versus created dimension debate ist@hict Because you're using
dimensional values from a layout, you can in fédtshow your dimensions. If
you had used copy geometry features, you would tageeate your dimensio

from those features.

4. Robust feature creatiolf.you are just conceptualizing or in a proof-of-
concept panic, copy geometry features can be \@fulfor a onesff design. It
you design is for a “producedtem that others will work on or that will existrf
a long period of time, however, parametric autonasrgy better investment.
Your model will be stronger and adapt more reattilghange.

Jason Clark is a senior designer and PTC applitaadministrator at
OceanWorks International. He also chairs the VanenBTC/USER group. He
can be reached by emailjclark@oceanworks...
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