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Lesson 1
Explaining Routes

Upon successful completion of this lesson, you will:
m Understand the basics of routing.
m Understand the different types of routes.

m Understand the various routing components and their roles.
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Introduction

Recommended
Settings

Introduction

Explaining Routes

SolidWorks Routing is an advanced course, requiring a basic
knowledge of various SolidWorks operations, including top-down
design, general part design, use of configuration and design tables,
drawing creation, etc.

This manual assumes this level of SolidWorks skills. If you are new to
SolidWorks it is recommended that you refer to the SolidWorks
Essentials: Parts and Assemblies and SolidWorks Essentials: Drawings
training manuals. Please contact your reseller regarding these
SolidWorks training courses.

It is recommended that you begin with the following options settings:
Tools, Options...

System Options, Colors

Check Use specified colors when editing parts in assemblies
System Options, Display/Selection

Assembly transparency for in context edit set to Opaque
assembly.

System Options, File Locations

Under Design Library, add the location c: \solidworks 2005
training files\routing\training design
library\routing\electrical\harnessing, and use Move
Up to put it at the top of the list.

(NOTE: This 1s the default location for unpacking of the training files;
adjust path if necessary.)

System Options, Routing

Set Library folder to

B O ol 005 training, M les)
YOI N gENERE'T 1 g designililomery

(NOTE: This is the default location for unpacking of the training files;
adjust path if necessary.)

Under Component and route defaults, check
Automatically route on drop of clips

System Options, Large Assembly Mode
Under Display, uncheck Hide all planes, sketches, curves, ...

Check Preview when inserting new components
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Types of Routes  SolidWorks Routing enables the designer to create tube, pipe and
electrical (cable and wire) routes. Routes fall into several categories;

some examples are below:

m  Soldered copper, PVC, flexible tubing, electrical wiring enclosure,
welded piping, fabricated cable, and associated fittings.

8 Types of Routes
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File Naming in
Routing

Note

Routes

External
Components

File Naming in Routing

Explaining Routes

The default naming convention for routing components is intended to

be compatible with PDMWorks® and other PDM systems. As always,
users may name files according to their own preference or company
standard.

The default format for route sub-assemblies is:
RouteAssy#-<upper level assembly name>. sldasm
and for tube, pipe and cable parts within these route sub-assemblies:

Tube or Pipe (and configuration) or Cable-RouteAssy#-
<upper level assembly name>. s1dprt.

There may be references in this manual that do not conform to this new
convention.

A Piping route is used in this
description because it uses the most
specialized components.

The Route is a component of a
routing Sub-assembly, including a
3D Sketch, that describes the
centerline path of the piping, tubing or
cable / harness route from a starting
connection to an end connection. The
properties of the route includes
information to set the pipe, tube or
cable nominal size, schedule or gage,
and default elbow.

Routes are Sub-assemblies
that can be connected to
external components such as
tanks, cylinders; manifolds
or various electrical
components. The sub-
assembly component keeps
the route components
separate from the external
components and other
routes.




Lesson 1
Explaining Routes

Route
Components

10
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Using the route properties and sketch geometry, pipes and elbows are
added. Based on the elbow locations and geometry, the lengths of pipe
between them are determined and added as individual components. In
this example all the pipes are purple; elbow and flange fittings are
yellow and reducer fittings are red.

Anywhere the Fabricated Pipe changes direction is considered an
elbow and is generally represented in the sketch as an arc. The straight
lengths are represented as lines.

With rigid tubing, bends replace elbows.

Flexible tubing (hose) and cable typically use spline shapes; it is
unusual for there to be truly straight runs of these components.

Routes
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Explaining Routes

FeatureManager The FeatureManager for the Routing Sub-assembly lists the pipe and

Listing components used in the route. The component types used in this
example are: pipes, flanges, elbows, reducers and custom elbows. One
of each type is labelled graphically.

FeEEl roukedssy?

----- [A] Annotations

[]--@ Design Binder

[l-ate] Lighting

----- Q Front Plane

----- Q Top Plane

----- Q Right Plane

----- I.. Crigin

[]---% (- Socket Weld Flange <1 {Socket Flange 150-NP5Z2)
[]---% 90deq LR Inch Elbow <1 (90L LR Inch 2 Sch40)
[]---% 90deq LR Inch Elbow <2 (0L LR Inch 2 Sch40)
[]---% Zin Schedule40<1= {2 in, Schedule 40, 1) 15in
[]---% Zin Schedule40<2 = {2 in, Schedule 40, 7) 19in
[]---% 2in Schedule40<3 (2 in, Schedule 40) 24in

[]---% 90deq LR Inch Elbow <33 (0L LR Inch 2 Sch40)
[]---% 90deq LR Inch Elbow <4 (90L LR Inch 2 Sche)
[]---% 90deg LR Inch Elbow_Locall <1 (D=2in, A=30deqg, R=3in}
[]---% Zin Scheduled0 <4 (2 in, Schedule 40, 9) 12.31in
[]---% Zin Scheduled0 <5 (2 in, Schedule 40, 10) 26.2in
[]---% 2in Scheduled40<6= (2 in, Schedule 40, 2) 9.7in
- Reducer <13 (REDUCER 2 x 1)

[]---% Wwelding Meck Flange <1 = {Wheck Flange 150-MPS1)
[]---% 90deq LR Inch Elbow <63 (0L LR Inch 1 Sch40)
[]---% 1in Schedule40<1 = (1 in, Schedule 40) 3.17in
[]---% 1in Schedule40<2:= {1 in, Schedule 40, 1) 19,080
@@ Makes

H% Routel-=

&, o0deg LR Inch Elbow_Local1<1> (D=2in, A=30deg, R=3in)

88, 2in Schedule40<3> (2in, Schedule 40) 24in

i
% Reducer< 13> (REDUCER VV

%8, s0deg LR Inch Elbow<2> (S0L LR Inch 2 5ch40)
.

-@od@t Weld Flange<1> (Socket Flange 150-MP52)

Note The Route Components are attached to the route sketch directly and
do not require mates to each other. Only the flange type, which
connects to components outside the route, is mated.

Routes 11
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Individual Many of the common piping components, both parts and assemblies,
Components are supplied with the SolidWorks Design Library. You can create your
own custom components and libraries.

Tubes are parts that follow the
length of the route, to the end of
the sketch or to a fitting. The part
includes all bends whether they are
orthogonal or free form.

Pipes, or more specifically
Fabricated Pipes, are parts that
are placed between elbows and
fittings following the route. The
FeatureManager listing includes
the name, configuration and
length.

Rigid copper tubing would be
considered fabricated pipe.

Cables are parts that follow the
length of the route, to the end of
the sketch or to an electrical
connector. Unlike Tubes and
Pipes, there is no cable “seed”
part; the cable is generated within
the route, with specifications
extracted from a default or user
specified Microsoft Excel or XML
file.

Standard Elbows are part
components that are placed at
changes in direction along the
route. They are placed
automatically at 90 and 45 degree
bends. The FeatureManager listing
includes the name and
configuration.

12 Routes
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Routes

Lesson 1
Explaining Routes

Custom Elbows are used where
the change in direction is less than
90 degrees but not 45. The system
will prompt you to allow the
modification of a standard elbow
to match the angle. The
FeatureManager listing includes
name, configuration and sizing.

Fittings is a general classification
of part components that are not
added to the route automatically
like pipes and elbows. This

includes tees, reducers and crosses.

(S
“
QM

7

Nl

Flanges and Connectors are
special part fittings that generally
connect to both the route and
equipment outside the route.
Because of this, flanges and
connectors generally contain Mate
References for equipment
connections.

Assembly Fittings is a general
classification of assembly
components that are not added to
the route automatically like pipes
and elbows. These include valves,
switches and other multiple-part
route components.

Q
@
R
o)

e
[ 4
F

Clips are routing components for
electrical or flexible tubing routes
that help to locate the route as
desired. Clips can be pre-placed
and used as reference locations, or
dropped into the route “on the fly”
during route generation.

13
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Lesson 2
Review of Configurations

Upon successful completion of this lesson, you will:

m Understand how Routing and Design Library parts use
configurations.

m Understand the role of design tables.

15
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Review of Configurations

Review of Configurations, specifically

Configurations those created by Design Tables,
are an integral part of Routing.
They are used to create and store
library parts such as tubes, pipes
and elbows. For example, one
part can be used to represent
multiple tubes, each having
different diameters and wall
thicknesses.

How Routing Uses  Routing uses configurations to select matching tubes or pipes and

Configurations related components to size the route.
Tube/Pipe When a tube/pipe route is started 1 e s 0 s0T
Components with a fitting such as a Flange, fu zotensarc
the configuration that represents a [ zotem o
specific nominal diameter is
selected. The pipe that connects to i
. . . I8 3.0 Mom Sch40 ©
that fitting now has limited set of | T
. TEST PIPE (3.0 Nom Sche T) 8¢ 3.0nom seha 7|
configurations to choose from T&] Anmotations e saensen
based on that nominal diameter. B DssgnBinder s 5w
i . | »}_: Material <not specified= |3 3.5 Hom Sch40 T
The choices are limited to the type Sléj i [ 1onemzan
Ofplpe or the SChedule mn that []--lﬁl Solid Bodies(1) ::: :E :2: zz::sf
diameter _____ # Front {/3¢ 5.0 Nom Schdo
FY UWEWE YT B S Top i coromsaos
. . e AT Iw ighi i3 5.0 Hom 5l
The tube/pipe part is copied to the f o =

local folder and configurations are ~ -E& pesion Table

used to represent the required [{g ket

eld Chamfer
lengths % xeld Ehamfer ;

5 5 []--{ﬁ Groove 1

That tube/pipe part is used i) Groove 2
throughout the route. Added o WP 4

-] NPT 2
components must match the & pint
sizing that has been selected for e
the route. -~ N, A2

Note Electrical routes do not use configurations to determine route and

component size.

Fittings Fitting configurations are chosen by
matching the configuration of the tube/
pipe. If the fitting does not contain a
matching configuration, an error is
produced.

Unlike tubes and pipes, fitting parts are
not copied to the local folder. They remain referenced to the Design
Library.

Review of Configurations 17
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A Note About
File References

Find References

Where to Find It
Copy Files

File Management

PDMWorks®
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Referenced files do not have to be stored with the document that
references them. In most practical applications, the referenced
documents are stored in multiple locations on the computer or network.
SolidWorks provides several tools to determine the references that exist
and their location.

Find References provides the exact locations of referenced part and
assembly files. Find References will display the Search Results dialog
box which lists the component files used, including the full path names.
This is useful if you have several versions of the component files.

m From the File menu, select Find References.

The Copy Files button can be used to copy the files to another,
common, directory. Find references can be used as a “Pack and Go” by
copying the parent and all referenced files to a single location. This can
be useful when creating a ZIP file with a drawing, assembly and all the
parts.

As noted previously, pipe and tube parts are copied and saved in the
working directory with only the required configurations. Fitting parts
are not copied, so the assembly will reference the file in the Design
Library directory.

If the entire assembly is to be copied, moved, archived or zipped,
consider saving all the reference files (Design Library parts) with it.
Find References will accomplish this.

It is also a good idea to include a copy of the original pipe or tube file
from the Design Library with the assembly. In this way, should a new
pipe or tube route of the same type be added to the assembly after it has
been moved, the same seed part can be used.

The configured pipe or tube files that exist in the assembly do not have
all the required information to be used in a new route and hence cannot
be used this way. Find References will NOT copy this file, it must be
done manually.

SolidWorks Office Professional includes PDMWorks®, which provides
a powerful way to manage library parts and project files.

For more information, see¢ the File Management training manual.

A Note About File References
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How Libraries Use
Configurations

Design Tables

Design Tables

A
@
o

Lesson 2
Review of Configurations

Library Parts are supplied by SolidWorks through the Design Library.
These parts and assemblies, as required, use design tables as the engine
to create configurations. Design tables can set the values for
dimensions and suppress features by configuration name. The result of
the design table is a set of configurations shown in the Configuration
Manager.

A B | © I[DlEJFle [ H ] 1t [ 4 [k[L] m [N[O[P[Q[R]S[T =
1 |Design Table for: TEST PIPE
& E 0 633 ¢ & 888 Srr3ses
2 2 2 2 E 2 & 3 3&& B552233
a a E E 3 ® 9 9 Q09 00098900
g © 8 § g £ T g SHEE PpgEpEppy
1 2 | ] & & e} £z &} o o [CAR- 983 Fe888a8a8aea
| 3 |[SUSER_NOTES
| 4 |2.0 Nom Sch40 Standard Pipe 2.0, Sch40, Std | 2.375 2.067 2 0.094 0625 225031258 S 06969S S S S S S
| 5 |2.5 Nom Sch40 Standard Pipe 2.5, Sch40, Std | 2.875 2469 25 0.143 0625 272 031258 S 0932S S S S S S
| 6 |3.0 Nom Sch40 Standard Pipe 3.0, Sch40, Std 35 3.068 3 0156 0625 3344 031258 S 1016S S 8§ S S S
| 7 |3.5 Nom Sch40 Standard Pipe 3.5, Sch40, Std 4 3548 35 0166 0625 3834 031255 S 10718 S 8§ S S8 S
| 8 |4.0 Nom Sch40 Standard Pipe 4.0, Sch40, Std 45 4026 4 0177 0625 4334 03758 S 10948 S S S S S
1 9 |5.0 Nom Sch40 Standard Pipe 5.0, Sch40, Std | 5563 5.047 5 0198 0625 5395 03758 S 11878 S 8§ S S S
| 10 |SUSER_NOTES
4 11 /2.0 Nom Sch40 C  Chamfered Pipe 2.0, Sch40, Ch 2375 2.067 2 0.094 0625 225031258 S 06969S S U U S S
| 12|2.5 Nom Sch40 C  Chamfered Pipe 2.5, Sch40, Ch 2875 2469 25 0143 0625 272 031258 S 0932S S U U S S
1 13/3.0 Nom Sch40 C  Chamfered Pipe 3.0, Sch40, Ch 35 3.068 3 0156 0625 3344 031258 S 1016S S U U S S
3.5 Nom Sch40 C  Chamfered Pipe 3.5, Sch40, Ch 4 3548 35 0166 0625 3834 031255 S 10718 S U U S S
0Nom Sch40 C  Chamfered Pipe 4.0, Sch40, Ch 45 4026 4 0177 0625 4334 03758 S 10948 S U U S S
0Nom Sch40 C  Chamfered Pipe 5.0, Sch40, Ch 5.563| 5.047 5 0198 0625 5395 03758 S 11878 S U U S IS
| 17 |SUSER_NOTES
1 18|20 Nom Sch40 T Threaded Pipe 2.0, Sch40, Thr | 2.375 2.067 2 0.094 0625 225031258 S 06969U U S S S S
1 19/25Nom Sch40 T Threaded Pipe 2.5, Sch40, Thr | 2.875 2469 25 0.143 0625 272 031258 S 092U U S S S S
120 |3.0Nom Sch40 T Threaded Pipe 3.0, Sch40, Thr 35 3.068 3 0156 0625 3344 031258 S 106U U S S S S
121 |3.5Nom Sch40 T Threaded Pipe 3.5, Sch40, Thr 4 3548 35 0166 0625 3834 031255 S 107U U S S S8 S
1 22|40 Nom Sch40 T Threaded Pipe 4.0, Sch40, Thr 45 4026 4 0177 0625 4334 03758 S 1094U U S S S S
123|50Nom Sch40 T Threaded Pipe 5.0, Sch40, Thr | 5563 5.047 5 0198 0625 5395 03758 S 1187U U S S S S
| 24 |SUSER_NOTES
125 |2.0 Nom Sch40 G Grooved Pipe 2.0, Sch40, Grv | 2.375 2.067 2 0.094 0625 225 03125U U 06969S S S S U U
1 26 |2.5Nom Sch40 G Grooved Pipe 2.5, Sch40, Grv | 2.875 2469 25 0.143 0625 272 03125U U 0932S § S S U U
1 27 |3.0 Nom Sch40 G Grooved Pipe 3.0, Sch40, Grv 35 3.068 3 0156 0625 3344 03125U U 10168 S 8§ S U U
128 |3.5Nom Sch40 G Grooved Pipe 3.5, Sch40, Grv 4 3548 35 0166 0625 3834 03125U U 10718 S 8§ S U U
129 |4.0 Nom Sch40 G Grooved Pipe 4.0, Sch40, Grv 45 4026 4 0177 0625 4334 0375U U 10948 S S S U U
130 |5.0 Nom Sch40 G Grooved Pipe 5.0, Sch40, Grv | 5563 5.047 5 0198 0625 5395 0375U U 11878 S 8§ S U U
lic <> M\sheet1/ 19l 1

= % TEST PIPE Configuration(s) {30 Nom Sch40 T)
{138 2.0 nom Schan
{132 2.0 Nom Schal
{38 2.0 Nom Schall G
{138 2.0 Nom Schad T
{138 2.5 Nom Schan
{138 2.5 Nom Schal
{138 2.5 Nom Schall G
{138 2.5 Nom Schad T
{138 3.0 Nom Schad

{82 3.0 Nom Schan ©
{8 3.0 Nom Schén G
{8% 3.0 0om Schid T
{82 3.5 Nom Schen
{82 3.5 Nom Schan ©
{82 3.5 Nom Schen G
{82 3.5 Nom Schan T
{82 4.0 Mom Schan
1
1
1
1
1
1
1

8% 4.0 Nom Sché C
8% 4.0 Nom Sché G
8% 4.0 Mom Schén T
8% 5.0 Mom Sché

8% 5.0 Nom Sché C
8% 5.0 Nom Sché G
8% 5.0 Mom Schén T

Design tables are the most efficient method of creating and maintaining
configurations. Using an Excel spreadsheet, the configurations and the
variations between them are recorded and stored.

The Design Table contains columns for configurations, dimension
values, suppression of features, configuration specific properties and
notes. Using the Auto-create function allows the table to be generated
automatically from the input.

19
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The input options include the parameters dimensions, features and
properties. The output is a set of configurations that are added to the
ConfigurationManager of the part. As always, descriptive names
should be used for dimensions and features included in the design table.

If the design table settings allow it, changes can be bi-directional.

Dimension Values

A Dimension Name appended with $<feature name>asa
column header controls the value of that dimension by
configuration.

Feature Suppression

Prefixing a Feature Name with $STATEQ@ allows that feature to be
suppressed or unsuppressed by configuration. Suppress, S,
Unsuppress or U appear in the cells below the header. A blank
cell assumes unsuppress.

Configuration Specific Properties

Properties added to the part through File, Properties
Configuration Specific tab appear in the design table with the
prefix $PRP.

Notes
User defined notes can be added in rows or columns with
$SUSER NOTES as the row or column header.

Configuration Names
Configuration names added in the header row become
configurations that appear in the ConfigurationManager.

~=lolx|

surmary | Custom Confurain s |

DERE apply to: [2.0 Nom Schao - Edt Lt

Property Name Type Value / Evaluated value
Schin Schin

32067

Toxt
DESCRIPTION Text STL,PIPE, ASME 5A53,GR B,2.375 0D STL,PIPE, ASHE 5453,
Legscy_tio Toxt 5341013 341013
Text
Text

ER 100015353 100015359
Pipe 1dentifier 2.0, 5chi0 2.0, 5chi0

s oK Cancel Help
\ 4
D

A B [ C [ -
| 1 |Design Table for: Pipe
2 QOuterDiameter@PipeSketch| SSTATE@Sk-Vic2 | SPRP@SAP_No
| 16 6.0 Nom Sch40 662505 100019367
| 17 8.0 Nom Sch40 8.6250 S 100019370
| 18 [10.0 Nom Sch40 10.7500/ S 100019374
| 18 [12.0 Nom Sch40 127500 5 100018357
20 [14.0 Nom Sch40 14.0000 S 100019357F
3

IETN

= % PIPE-T Configuration(s) (2.0 Mom Schad)
|5 0.25 Nom Schap
|88 0.25 schematic
{84 0.3 MNom Schdd
{88 0,35 Schematic

{8 0.5 Hom Schan

Design Tables
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Lesson 3
Top Down Design

Upon successful completion of this lesson, you will:
m Understand the basics of top down assembly design.

m Understand the function and mode of commands for editing of parts
and sub-assemblies in context of the top level assembly.
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Top Down
Introduction

Parts and
Assemblies

Edit Part

Top Down Introduction

Lesson 3
Top Down Design

Top Down Assembly modeling involves the switching between the
editing of parts and assemblies.

Open assembly.
Open the assembly Equipment
Assembly.

When using routing, several types of components are used. Each can be
edited in turn to make effective use of top down design and complete
the routing assembly. The types of components are labelled below.

Note that the sub-
assembly in this

Top LeVel Assembly—> @ Equipment fAssembly
fil Annotations
[]--@ Design Binder

case is a specific (3] Liohting
o oo AR T L . . S Q Front Plane
IperamRonting SUG- | o - ey, g & Tow plre
assemb]y_ ..... % Right Plane
..... L, origin
----- Q Positioning
Part — g 5 (7 Tark Body<1>

]% External Connection<1=

]% Structural<1 = {Defaulk <As Machined =)
]’ZB ({F) routedssy 1-Equipment Assembly <1 =
]% band hanger<1=

]@@ Mates

Sub-assembly — g

Fm O O O e O O

While you are in an assembly, you can switch
between editing the assembly — adding mate
relations, inserting components, etc. — and
editing a specific part. Editing a part while in
the context of an assembly allows you to take
advantage of geometry and dimensions of
other components while creating matching or
related features. Using geometry outside the
part creates External References and In-context Features.

Four commands, Edit Part, Edit Assembly, Edit Sub-assembly and
Edit Route are used to switch back and forth between editing one
component in an assembly and editing the assembly itself. When you
are in edit part mode, you have access to all the commands and
functionality the part modeling portion of SolidWorks. Plus, you have
access to other geometry in the assembly.
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Introducing:

Edit Part,

Edit Assembly and
Edit Sub-assembly

Where to Find It

Note

Appearance of
Components While
Editing

Introducing
Change Assembly
Transparency

Where to Find It

Note

24
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Edit Part/Edit Assembly/Edit Sub-assembly is used to switch
between editing a part and an assembly. The right-mouse menu will
display the proper command.

Select the part or sub-assembly you wish to edit. Then:

m Click Edit, Part, or Edit, Assembly or Edit, Sub-assembly.
m  Or, from the right-mouse menu, select Edit Part, Edit Assembly or
Edit Sub-assembly.

m  Or, from the Assembly toolbar, click the tool.

The colors are set through Tools, Options, System Options, Colors
as Assembly, Edit Part and Assembly, Non-Edit Parts. In order to
see these colors, the option Use specified colors when editing parts
in assemblies must be enabled. Otherwise, the edited part’s color will
not change. This option is unchecked by default.

When you edit a part in the context of the assembly, if the option above
is turned on, the component you selected turns opaque pink (or any
user-specified color). The appearance of the other components depends
on the assembly transparency settings you choose.

The transparency of components that are not being edited can be set to
one of three conditions:

m Opaque assembly. All components
become opaque gray, except for the
component you are editing, which
becomes opaque pink (recommended,
particularly for complex designs.)

m Maintain assembly transparency. All
components maintain whatever their
current transparency is, except for the
one you are editing, which becomes
opaque pink.

m Force assembly transparency. All
components become transparent except
the one you are editing, which becomes
opaque pink.

m From the menu click Tools, Options, System Options, Display/
Selection, Assembly transparency for in context edit....

m Or, from the Assembly toolbar, click the tool.

Use the slider to adjust the transparency level for Force assembly
transparency. When you move the slider to the right, the components
become more transparent.

Top Down Introduction
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Editing Options

Edit Assembly

Edit Part

Editing Options

Lesson 3
Top Down Design

Each editing option is useful in its own way in the assembly context.
By editing parts in context, you can take advantage of any entity in the
assembly for sketching, offsetting, converting and dimensioning.

Edit Assembly is the default
state of an assembly when it is
created or opened.

Also, when Edit Part or Edit
Sub-assembly is “turned off”
the top level assembly returns
to this state.

Use Edit Assembly to:

m  Add or delete components
from the top level
assembly.

m  Add or delete mates from
the top level assembly.

Edit Part is used to access a
specific part and edit it while
remaining in the top level
assembly.

Use Edit Part to:

m Add or edit individual
sketches of a part within
the assembly.

m Add or edit features of a
part within the assembly.

@ Equipment Assembly

fil Annotations

[]--@ Design Binder

[]-Jsk] Lighting

----- Q Front Plane

----- Q Top Plane

----- Q Right Plane

..... L, origin

----- Q Positioning

-y (F) Tark Body <1

]% External Connection<1=

]% Structural<1 = {Defaulk <As Machined =)
]% ({F) routedssy 1-Equipment Assembly <1 =
]% band hanger<1=

]@@ Mates

@ Equipment Assembly

fil Annotations

[]--@ Design Binder

[]-Jsk] Lighting

----- Q Front Plane

----- Q Top Plane

----- \<>‘ Right Plane

..... L, origin

----- Q Positioning

]% External Connection<1=

]% Structural<1 = {Defaulk <As Machined =)
]% ({F) routedssy 1-Equipment Assembly <1 =
]% band hanger<1=

]@@ Mates
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Edit Sub-assembly

Edit Route

Assembly Feature

26

Edit Sub-assembly is used to
access a sub-assembly and edit
it while remaining in the top

level assembly. In routing it is
often used to make changes to

the route sub-assembly %8 .
Use Edit Sub-assembly to:

m Add or delete components
within the sub-assembly.

m Add or delete mates within
the sub-assembly.

Edit Route is used to edit the
3D Sketch that defines the tube
or pipe route. This
automatically switches to Edit
Sub-assembly mode using the
route sub-assembly.

Use Edit Route to:

m Create and edit the 3D
Sketch used as the route.

m Add inline components
such as reducers and tees.

An Assembly Feature is used
to add a cut feature or hole to
the top level assembly. The
feature uses a Feature Scope
to determine which
components are affected by the
cut.

Use Assembly Feature to:

m Add a cut feature that exists
only in the top level
assembly.

SolidWorks 2005 Training Manual

@ Equipment Assembly

fil Annotations

[]--@ Design Binder

[]-Jsk] Lighting

----- Q Front Plane

----- Q Top Plane

----- Q Right Plane

..... L, origin

----- Q Positioning

-y (F) Tark Body <1

]% External Connection<1=
]% Structural<1 = {Defaulk <As Machined =)
]% band hanger<1=

]@@ Mates

fm IO e O e O O

0

@ Equipment Assembly
fil Annotations
[]--@ Design Binder
[]-Jsk] Lighting

----- Q Front Plane

----- Q Top Plane

----- Q Right Plane

..... L, origin

----- Q Positioning
-y (F) Tark Body <1

[]---% External Connection<1=

[]---% Structural<1 = {Defaulk <As Machined =)
[]---% band hanger<1=

£

]@@ Mates

@ Equipment Assembly

fil Annotations

[]--@ Design Binder

[]-Jsk] Lighting

----- Q Front Plane

----- Q Top Plane

----- Q Right Plane

..... L, origin

----- Q Positioning

-y (F) Tark Body <1

[]---% External Connection<1=

[]---% Structural<1 = {Defaulk <As Machined =)
[]---@ ({F) routedssy 1-Equipment Assembly <1 =
[]---% band hanger<1=

[]--@@ Mates

[]-- Cut-Extrudel

Editing Options
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Lesson 4
Design Library Introduction

Upon successful completion of this lesson, you will:

Understand how Design Library parts are used in Routing.
Understand the function of Routing Points in Design Library parts.

Understand the Configuration Specific Properties required for
Routing components.
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Design Library
Parts
Introduction

Routing Points
Note

Connection Points

Design Library Introduction

Design Library Parts are standard components of various types that can
be stored on the Part Design Library for insertion into an assembly
quickly and easily. SolidWorks supplies some, but users may also make
their own.

The Design Library parts supplied with the SolidWorks software are
configured with established standard sizes. They include some standard
fasteners and mechanical components, but in this case we will work
with standard pipe, tube and electrical components.

There are both geometric and non-geometric (property) requirements in
building design library parts.

There are specific geometric requirements for Design Library parts
including the Route Point and Connection Point features.

Route Points (RPoint) and Connection Points (CPoint) are
collectively referred to as Routing Points.

Connection Points are
required in fittings and
electrical connectors such as
elbows, tees, crosses and crimp
terminals. They are used to
determine where the routing
ends and the direction that it
enters the fitting or connector.

They are also used to specify
the nominal diameter of the
route and the type of route:
Electrical, Tubing or
Fabricated Piping.

Design Library Parts Introduction 29
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Tip

Route Points

Tip

Libraries
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Double-clicking a CPoint
displays the nominal diameter
assigned to the CPoint.

In an Electrical route, the
nominal diameter is defined as
a maximum cable size for that
component.

Route Points are required in
fittings such as elbows, tees,
crosses and route clips. They
are used to place the fitting on
an endpoint on the 3D Sketch
route line, or in the case of
clips, to help define the path of
of a flexible route.

Route line components (tube, fabricated pipe, or electrical cable) do not
have routing points in them.

SolidWorks provides Design Library parts and assemblies that include
common tube, wiring and pipe sizes and associated fittings.

For more vendor-supplied routing components, visit
3DContentCentral®™, www.3dcontentcentral.com.

Libraries
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Lesson 4

Design Library Introduction

C:\Program Files\SolidWorks2005\data\design

Tubing library\routing\tubing
Tubes tube-ss
Flanges slipon tube

flange-ss

Tube Fittings solidworks solidworks
(Connectors) -lokmale -lokmale
pipe weld G OBMEIES'CEO ¥
CORMECE O,
Tube Fittings solidworks solidworks tee-ss
(Tees) -loktubing -lokmale
branch tee

i

branch tee

Libraries
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Threaded C:\Program Files\SolidWorks2005\data\design
Piping library\routing\piping\threaded fittings (npt)
Pipes threaded
steel pipe
Elbows threaded threaded
elbow--
45deg
Tees, Laterals threaded threaded threaded
and Crosses tee lateral cross
Couplings and threaded threaded threaded
Unions coupling half- union
: coupling
Reducers and threaded
Cap reducer cap

L

Libraries
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Lesson 4

Design Library Introduction

.. C:\Program Files\SolidWorks2005\data\design
Piping . . . .
library\routing\piping
Pipes Pipe
45° Elbows 75 ° T 4 5 SiiEl
Metric
90° Elbows 90° LR Ineh 8 Qe LR 90° SRInch | 90° 3R Inch
A Meie 1ahife .
Tees Reducing Straight
Outlet Tee Tee Inch
Fnleila =
Flanges SocketWeld | S1lipOnWeld Welding
Flange Flange Neck Flange

Libraries
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C:\Program Files\SolidWorks2005\data\design

Pipi . . . .
'ping library\routing\piping
Crosses Straight Reducing Straight
Cross Inch Outlet Cross
Cross Inch Metric
Reducers Reducer Eccentric
Reducer
b C:\Program Files\SolidWorks2005\data\design
Assemblies A . -
library\routing\assembly fittings
assembly assembly
T 1T E sl f i Eit dsnle]
without acp
Valves 2incontrol

valve

Libraries
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Lesson 4

Design Library Introduction

. C:\Program Files\SolidWorks2005\data\design
Electrical . . .
library\routing\electrical
Ring Crimp ring term | ring term
Terminals awg-14- 18-22 awg-
16 _awg-x 8
DIN socket- oL LG = (Femmal= plug-
Connectors 6pinmindin m i n kel Spindin
USB Plugs plug-usbl plug-usb?2
DB
Connectors
Clips slichco e h C O cable
ke c == 0 === NG e — 0 1 constraint
elig -dualclip
(no visible
geometry)
Other plug-sma

Libraries
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“Pipe” Parts

Note

Design Table
Parameters

Configuration Name

Configuration
Specific Properties

Dimensions

Note
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The classification of “Pipe” parts includes tubes as well as true
fabricated pipes and elbows.

Unless otherwise specified, these properties apply to tubing and piping
only, not to electrical components.

All Design Library pipe parts require design tables to store the required
information:

m SPRP@Pipe Identifier

B InnerDiameter@PipeSketchor @FilterSketch
B OuterDiameter@PipeSketchor @FilterSketch
B NominalDiameter@FilterSketch

Certain other components may use these parameters to size themselves
accordingly when dropped into an assembly. These include pipe elbows
and pipe and electrical hangers/clips such as pc1ip2 (Nominal, Inner
and Outer Diameters).

Electrical wire and cable use only the
OuterDiameter@PipeSketch parameter. Data for wire and cable
parts are stored in a . XML file; There is no Design Library part.

The Configuration Name is used in the Route Properties dialog as
the Base Configuration.

The Pipe Identifier property is required for the component to be
recognized as a tube or pipe. The property is entered as a
Configuration Specific Property through the File, Properties dialog
as SPRP@Pipe Identifier. The value of this property is used to
name all instances of the tube or pipe in the route.

Other properties can also be added as descriptions or additions to a
BOM table. Properties such as Description, Weightperfoot,
Wall Thickness and Swbompartno are common additions.

The InnerDiameter, OuterDiameter dimensions are taken
from the PipeSketch sketch of the Ext rude or Sweep feature.
The NominalDiameter is taken from the FilterSketch sketch.

Additional dimensions can be added for use in equations or
descriptions.

The length of each tube or pipe segment is extracted for use in the
BOM table.

“Pipe” Parts
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Lesson 5
Design Library Review

Upon successful completion of this lesson, you will:

Understand the function of the Design Library: Features, Parts and
Assemblies.

Be able to organize Design Library components.

Understand the options available for Routing.

37



Lesson 5 SolidWorks 2005 Training Manual
Design Library Review

Pmesur:
PEDRO LUIS RUIZ

38



SolidWorks 2005 Training Manual

Design Library
Task Pane

Introducing: Design
Library

Where to Find It

Essentials of
Using the Design
Library Task Pane

Directory
Structure

Design Library Task Pane

Lesson 5
Design Library Review

The Design Library pane is used to access and store commonly used
library features, sheet metal forming tools and parts. Design Library
parts can be added to an assembly by simply dragging and dropping
them into that assembly. Mate Relations, SmartMates and Route Points

are used to position the part.

The Design Library Task Pane tab gl is a

menu set devoted to the storage and easy
retrieval of library features, forming tools, 5 annotations
assemblies, and piece parts. It is designed to
resembly Windows Explorer in apprearance

and function.

Navigation through the directory structure is by

smgle (select and view)and double (open) [;3 Tokex
click.

o
Reload refreshes the window with smently  decrl
changes that have been made to the folder since . .
it was opened. Y

Design Library (1)
@ OB - a
EI--@ design library @
assemblies =

features

forming tools

parts

routing

1 assembly Fittings
i electrical

-5 piping

4 tubing

-
-
E

piping tubing

m  On the Task Pane, select the Design Library s .

Taking full advantage of the Design Library pane requires an
understanding of the file structure it uses. Although some library
features and parts are supplied with the SolidWorks software, the real
power of the Design Library is in creating and using your own folders

and libraries.

These files can be located on
your hard drive using Windows
Explorer by browsing to the
Solidworks install folder
and opening the data\
design library folder.
This folder contains five main
folders for the Design Library
pane: assemblies,
features, forming
tools, parts, and
routing.

Note: The view in the Design
Library pane is virtually
identical to that in Windows
Explorer.

EI--@ design library
-~ annotations
=8

) assemblies <¢—— Library Assemblies
=+ mold bases
e 7 sample mold action .

) features «¢————— Library Features

7 inch
7 Fluid power ports

7 hole patterns
7 keyways
7 o-ting grooves
7 retaining ring grooves
7 slots
/ mekric
----- - Shestmetal

4 forming tools <—— Forming Tools

----- 7 embosses
----- 7 extruded flanges
----- 7 lances

& parts <¢————— Library Parts

----- 7 hardware

7 sheetmetal

uting -¢—————— Routing Components
7 assembly fittings

7 electrical

+ 7 piping

---_.-‘ tubing
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Library Parts

Library Assemblies

Adding to the
Folders

Sub-folders and
Panes

Icons
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Parts shipped with the Design Library are found : :
in the subdirectories located under the folder ha;;: L n;‘:s H
parts. Each folder creates a corresponding
folder in the Design Library pane. All of these T B

must be * . s1ldprt files. knobs

sheetmetal

Assemblies shipped with the Design Library are :
found in the subdirectories located under the H
folder assemblies. These must be

* . sldasm files.

mold bases

You can add any library feature, part or assembly to these folders,
either using the Design Library panes or Windows Explorer, and they
will appear in the Design Library lower pane. They will appear as icons
showing their preview pictures.

You can drag and drop files onto the Design Library pane from the
open file or from Windows Explorer. Press the Delete key to remove
them from the Design Library.

Each sub-folder, such as threaded

e e D @ @
fittings (npt), holds the appropriate e
type of files (* . s1dprt in this case). The @p  cowping  oross
folder name appears in the Design Library @ P o
upper pane' The fOlderS and ﬁles threaded threaded threaded
themselves appear as icons in the lower elbon=iS.r, ebow30... haltcouplng
pane (similar to the left-right relationship in . o

WlndOWS EXplorer) ! threaded  threaded  threaded

lateral reducer steel pipe

You can also add your own sub-folders in 2 @
any of the directories. These will appear as
folders in the Design Library pane.

threaded tee  threaded
union

The graphics of the icon are taken automatically from the

last saved image of the library feature or part. They can be .
shaded or wireframe images, but you should zoom in on threaded
them for the best results. lateral

The name of the icon comes from the name of the library feature, part
or assembly as it appears within the folder. It can be changed by
clicking on it.

Design Library Task Pane
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Design Library Review

Organizing Your You can control where the SolidWorks software looks for your libraries
Libraries by setting a search path in Tools, Options, System Options, File
Locations, Design Library.
x
Syskem Cptions |
W Show Folders Far:
Drag‘;s;y style IDesign Library j
- Area HakehyFill Eolders:
- Colors C:\Program Files)Solidworksidatatdesign library .« Add...
. Sketch =l ‘—I
... Relations/Snaps Delete
- DisplayfSelection
- Performance [Move Up
- Assemblies h
- Large Assembly Mode | _'I—I etz Lin |

- External References
- Default Templates

- FeatureManager

- 5pin Box Increments
- Wigw Rotation

- Backups

- Rouking

- Daka COptions

- File Explorer

- Collaboration

Reset All |

OF I Cancel | Help |

Note See “Before You Begin...” at the beginning of Lesson 7, regarding
adding the Training Design Library location.

Folders In the Folders list you can set search paths for many files that
SolidWorks references. A partial list is given below. For a complete
list, refer to the online help.

m Library parts, assemblies, features, and forming tools .

m Color swatches, material databases and textures.

m  Document templates, referenced documents, sheet formats.

m Blocks, BOM templates, hole callout format files, and dimension
favorites.

m Macros, journal files and macro feature files.

Several paths can be set for each category. If you have more than one
path, the system searches them in the order they are listed.

Design Library Task Pane 41
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Design Library Review

Routing Options Options that are specific to Routing can be found in the Tools,
Options, System Options, Routing.

m Library folder path - Similar to the Library folder
DGSIgn lerary locatlon 11’1 F i Ie I C:\Program Files!Solidworksidataldesign lib

—Component and route defaulks

Locations, this is the default routing ¥ Create custom itings
component location. It may be the ¥ Create pipes on apen e seqments

. . . IV Automatically create sketch fillsts

same as a Design Library location, or ¥ utomaticall route on crap of cips

can be a dlfferent folder. ThlS locatlon [V Enable minimurn bend radius check for cables
will appear in the Route Properties

dialog and may be edited there as well.  -connection and route points

Text size

.—J_

o 0.5 1

™ Enable mirimurn bend radius check for wires

Slack Percentage: I 1]

Note It is important to set this path to the Training Design Library before
beginning the case studies in Lessons 7 and 8.

m Create custom fittings - Automatically creates custom
configurations of the default elbow fitting when needed.

m Create pipes on open line segments - Generates a pipe for 3D
sketch segments that are connected to a fitting at only one end.

m Automatically create sketch fillets - Automatically add fillets at
intersections as you sketch.

m Automatically route on drop of clips - Will auto-route a flexible
tube or cable through a properly configured route clip when it is
dropped from the Design Library.

m Enable minimum bend radius check - For electrical cables only.
Reports an error if the bend radius of an arc or spline in the route is
less than the minimum specified for the cable in the cable library.

m Enable minimum bend radius check for wires - For electrical
cables / wires / harnesses only. Reports an error if the bend radius of
an arc or spline in the route is less than the minimum specified for
the individual wire or cable core in the cable library. If there are
many wires in the assembly, this option might result in slower
performance.

m Connection and route points text size - Scales text for
connection and route points to a fraction of the document's Note
font.

m Slack Percentage - For electrical routes only. Calculated cable
lengths are increased by the stated percentage to compensate for
sag in flexible routes caused by gravity.
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Lesson 6
3D Sketching Review

Upon successful completion of this lesson, you will be able to:

Create a 3D Sketch.
Use the orthogonal method to sketch using standard planes.

Use the selected plane method to sketch using user defined planes
and planar faces.

Use the spline tool to create a freeform route line.
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3D Sketching

Space Handles

Lesson 6
3D Sketching Review

A 3D Sketch is a sketch that allows you to create geometry in any
plane or planar face. In routing, it is used to define the path followed by

the tube, pipe or cable.

Orientation changes
during sketching are
provided by the Space
Handles, a set of red

axes that show the current

directions as you sketch.
The Tab key is used to
toggle from the default
Front axes to those of
the Right and Top
planes.

NGy AR SR

The Space Handles are a set of axes that can be changed on the fly
while sketching. When the Line tool is selected, a set of axes appear
with the line as it is sketched. These axes are parallel to those of the
Front reference plane and allow sketching along those axes or within
the plane. Two other planes can be accessed through the Tab key.

Local Horizontal Local Vertical Axis Local Plane
Axis
Front 5.066
(Initial plane) | 5.061
%
4,098
SRy —
Right 45
(Tab once) e M
4,042
%
Top
(Tab twice)
3.55% foe
= ) 4,248
z 2R N

Note

3D Sketching

Regardless of the plane used, the axis labels refer to the axes of the
Front plane (X, Y and Z).
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3D Sketching Review

1 Open part. 1
Open the part 3D *
Sketch Example. The
part contains two visible
sketches that will be used
as connection points.

X

L~
Orthogonal 3D Using the standard three planes for sketching allows you to sketch
Sketching along the X, Y and Z axes of the Front plane. You can also sketch on

any plane formed by a pair of the axes.

Where to Find It m Click from the Sketch toolbar.
m Click Insert, 3D Sketch.

2 New 3D Sketch.
Click 3D Sketch to open a new 3D Sketch.

3 Along X Axis.
Clicking the Line tool and start a new line at the
upper point and drag the other end of the line.
Position along the axis until the X label appears
indicating that the line is on the X axis. Extend the
line as shown.

4 Using the Space Handles. A

7.054

Begin the next line at the open endpoint and = 5
drag the line. Press the Tab key to orient the
Space Handles to the orientation shown. Drag |*

the line along the Y axis. Locate the end of the
line roughly as shown.

5 AlongY Axis. A
Using the same < -

A

set of axes, o
sketch a line \/ *
along the Y axis |«

followed by the 6838 || *
7 aXiS. *

46
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Tip

3D Sketching

Coincident.

Add a Coincident
relation between the open
endpoint and the left
most point in the sketch.

Dimension.

Add a dimension
between the vertical line
and endpoint as shown.
Set the value to 13.75”.

Fillets.
Add fillets of radius 1” to
the corner endpoints.

PN

PN N K

PN

*

*

Lesson 6
3D Sketching Review

*\/LL s

\/ L

13.750

R1.000

R1.000
R1.000 —

3D Sketches offer a few more relations than a standard sketch. They are
ParallelYZ, ParallelZX and AlongZ and refer to the planes and axes of

the sketch.
Exit the sketch.
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Sketching on
Selected Planes

Note
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3D Sketching can use planes other than the standard Top, Front and
Right. An alternative plane or planar face can be selected by Control-
clicking it while sketching. This process activates a set of Space
Handles with the X and Y axes parallel to the selected plane. Two other
sets of axes (rotations of the first) are also available through the Tab
key.

Performing this process during Routing (Edit Route) requires only a
selection without the Control key.

Show Plane.
Right-click the reference plane Angle 25 and select Show. Click

Select to turn off highlighting of the plane.

Along X axis.

Create a new 3D Sketch. [
Sketch a line starting on

the middle point and

running along the X axis
as shown.

Nox

Switch Plane Reference. X Front Plane
Control-select the plane Angle 25 from the Flyout :\g ;?gphf':;ene
FeatureManager design tree. —b» origin
left_conn
right_conn
—\<>\ offset_20
—\<>\ offset1s
_:.\-‘ plane_ink

&7 () 3Dskekchl
&7 () aDsketchz

3D Sketching
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Lesson 6

3D Sketching Review

4 Along Plane.
Sketch along the X axis
of the Angle 25 plane
as shown.

5 Return to Standard Planes.
Control-click the Front plane to return to the standard
plane selections.

6 Along Z.
Use the Tab key to switch
to the plane orientation
shown. Sketch along the
7 axis.

Continue along the Y and
Z axes to complete the
lines.

Add a Coincident
relation to tie the
endpoint to the sketch
point.

3D Sketching

=%
—:<>\ Top Plane
—Q Right Plane
— Qrigin
left_conn

s right_conn
—\<>\ offset_20
—Q offset1s
_\.\-‘ plane_ink
_Q Angle_25

&7 () 3Dskekchl
&7 () aDsketchz
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7 Dimensions.
Add the dimensions 5”
and 8” as shown. Also
add radius 1” fillets.

Close the sketch.

SolidWorks 2005 Training Manual

Spline The 3D Sketch can be used to represent a “flexible” path between
connection points. This method uses Spline to form smooth 3D curve
between lines. The lines remain to help shape the spline.

Note This type of sketch can not be used with piping.

1 Starting Line.
Create a new 3D
Sketch. Sketch a line
starting at the lower
left sketch point along

the X axis.

2 Ending Line.
Create a second line
starting at the center
sketch point along the Z

axis.

Spline Spline is used to form a shape that is more free-form than orthogonal
segments. The spline can be set to be tangent to straight segments.

Where to Find It m Click ~

from the Sketch toolbar.

m Click Tools, Sketch Entities, Spline.
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Note

Note

3D Sketching

3 Spline.

3D Sketching Review

Click Spline, then click one of
the straight segment endpoints.
Drag the shape toward the
other endpoint.

You can use either click-click
or click-drag method.

You can add intermediate spline points, by clicking the left mouse
button, to help form the desired shape.

End the Spline.

Click on the endpoint of the
other line segment to finish the
spline. Right-click and choose
End spline.

Add Tangent relations
between the spline curve and
each of the straight segments.

The spline can also be shaped
by dragging the endpoints, or
adding intermediate spline
points after creation.

When using a spline in routing, the tangent relations are added
automatically.
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Lesson 7
Tubing Routes

Upon successful completion of this lesson, you will be able to:
m Route flexible tubing using the spline tool.

m Route rigid tubing using 3D orthogonal sketching.

m Using Auto Route for both rigid and flexible tubing.
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Tubing Routes

Before You
Begin...

File Locations

Routing

Note

Note

Tubing Routes

Tubing Routes

Tubing Routes use tube parts shaped by 3D Sketches to form sub-
assemblies that contain tubes and fittings. The tube can be shaped
orthogonally (rigid tube) or flexibly (hose or malleable tube).

Supplied with the training files for this and other case studies in this
manual are simplified versions of the Part and Assembly Design
Library directories. The purpose of this is to avoid conflict between
your Design Library, installed with the SolidWorks software, and the
Design Library-based parts that exist already in these training
assemblies.

Before starting these lessons, you should open the Tools, Options
dialog, and on the File Locations tab, browse to and add these training
paths to the Desi