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DESIGNING IN SOLIDWORKS

Customised Tools for Design and Documentation of
LIGO Parts, Assemblies and Drawings

1. INTRODUCTION

This document outlines how to attach information to SolidWorks parts, assemblies and
drawings to aid the production of consistent engineering drawings, bill of materials, drawing
trees and materials lists.

The Bill of Materials [BOM] and Drawing Tree are essential documents required by LIGO
that follow all designed parts from manufacture through to assembly. The LIGO Mechanical
Drawing Guidelines document' indicates that it is also useful, when sending a drawing pack
for manufacture, if the major assemblies have an overall BOM (a, so called, materials list). In
past LIGO projects it was necessary to create all of these as separate documents in programs
such as Word or Excel, however by implementing the SolidWorks ‘Bill of Materials’ function
it is possible to produce the documents automatically.

To help the automation of these, a LIGO Bill of Materials® has been designed that is tailored to
ensure that the information detailed in the Mechanical drawing guidelines is correctly
tabulated. Alongside this, ‘Smart® CAD templates, ‘Smart’ Data templates, and the
Customised Toolbox have been developed to automate the creation of parts, assemblies and
engineering drawings.

By establishing an array of customised tools it becomes easier to standardise the information
shown in every part, assembly, and engineering drawing, thus improving the quality of the
documentation. And by automating the production of the supplementary documents through
entering information during the design stage, we will make time to focus on other areas of the
project.

Following the description and explanation of the LIGO Customised Tools, a step-by-step
tutorial provides an example of the procedures used to produce a part, an assembly and a
mechanical drawing with a the BOM, Materials List or Indented Drawing tree.

' E030350-00-D Mechanical Drawing Guidelines, http://www.ligo.caltech.edu/docs/E/E030350-00.pdf, D Coyne
2 D030384-07_LIGOBOM.xls, http://www.ligo.caltech.edu/docs/D/D030384-07_LIGOBOM .xls, M Perreur-
Lloyd and C Torrie
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2. PART PROPERTIES FOR THE BOM

ITEM NO | REQ. |SPARE| TOT. |PART NUMBER |DESCRIPTION MATERIAL

2.1. Item Number Column
2.1.1. Default Properties

SolidWorks has a number of default settings to each of the columns in the BOM. In the case of
the Item number it will automatically choose an item number depending on the order that parts
are entered into an assembly. These are the same numbers shown when balloon numbers are
added to a drawing. In some situations, however, we need to call up parts without showing
them in an assembly drawing therefore the we have designed the LIGO BOM with several
new functions that will over-write the default information with a more customised form.

2.1.2. Hidden Parts and Assemblies

In an assembly it is often necessary to have additional parts or sub-systems that are not
eventually used in the final system, for example (in terms of a suspension prototype): a wire
jig; an extra mass; an angled blade clamp. In the bill of materials for an assembly it is
necessary to differentiate between these components depending upon their usage in the
assembly. In this situation these should be referred to as one of the following:

ALT: ‘Alternative’, e.g. an angled blade clamp. This component would only be used
in a suspension assembly should a blade be deflecting above or beyond the
optimum height.

REF: ‘Reference’, e.g. a wire jig. This sub-assembly was used in the in the
construction of the suspension assembly, however is not part of the assembled
suspension and hence need not be displayed on the assembly drawing
document.

A/R:  ‘AsRequired’, e.g. an extra mass. This part is only required should the optic of
a suspension assembly, once fully suspended, be hanging too high. In this
situation an ‘extra mass’ or a number of ‘extra masses’ are added, as required.

All of the above component types are entered into the custom properties of a drawing.
SolidWorks custom properties are explained in section 4, ‘Setting Custom Properties in
SolidWorks’ and further relayed in the appended tutorial (see Appendix 1).

2.2. Required Column
SolidWorks automatically calculates the quantity of each part from the number of parts
entered an assembly. However, when we need to specify that more than one assembly is to be

built we need to be able to multiply the automatic defaults by however many assemblies we
are having manufactured.
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Again this can be done in the Custom Properties:

REQ: ‘Required’, the total number of parts required to build an assembly or a
number of assemblies (not including spares).

2.3. Spare Column

Again SolidWorks has a default setting, that is: the number of Spares is equal to the number of
parts (i.e. 10 parts made, 10 spares made). As it is likely that this will not be the requirement
for all parts it is possible to override this setting using the function:

SPARE: If ‘spare’ is entered in the custom properties along with the desired value,
this will override the default.

2.4. Total Column

The ‘total’ column is far more self-explanatory and is purely a sum of the ‘required’ and
‘spare’, detailed above. No custom properties are set for Total.

2.5. Material Column

Material is a column that has no default value as it has been created specifically for use in the
LIGO BOM. It is important to enter a material custom property for all parts as the BOM will
be the sole place that this information will be contained (individual engineering drawing of
parts do not show material). The number of character spaces in the Material column is limited
so below are some examples of typical material acronyms.

300 SSTL: 300 Series Stainless Steel

6061-T6-Al: 6061-T6 Aluminium (US specification)
6082-T6-Al: 6082-T6 Aluminium (UK specification)
PEEK [NAT]: PEEK natural or virgin grade

2.6. Part Number Column

The LIGO BOM is set up such that the seven-digit part number associated with the LIGO
Document Control Centre (DCC), e.g. D020123, will automatically be picked up from the
Custom Properties:
e.g. D020123: Enter ‘number’ into the custom properties, followed by the part
or assembly’s DCC number.

2.7. Description Column
Again the LIGO BOM has been set-up to automatically pick up Part description from the
Custom Properties:

e.g.  Angled Blade Clamp: Enter ‘description’ into the custom properties followed
by the part name for this to link in to the BOM automatically.
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3. CREATING A BILL OF MATERIALS, DRAWING TREE OR MATERIALS LIST

To create a Bill of Materials, Drawing Tree or Materials List by using the LIGOBOM, it is
simply a matter of selecting the appropriate settings in the SolidWorks Bill of Materials
function. All of these functions are available when a drawing (.slddrw) of an assembly is open.
For example:

] 1] 1] 1] 1] 1] 1] 1]

FIGURE 1

i i A s
By selecting any of the assembly views on the drawing sheet and then, from the Main Heading
Toolbar, Insert>Bill of Materials (You will notice that this is only highlighted when your

assembly view is highlighted) you will open up the. Bill of Materials function

="

i

This will then prompt you to open

up a BOMxIs file from a list of .
files in Solidworks. At this point jt = Leokin |3 snish o - B E
1s required that the file: Instant Website Templates @bomtemp—material
D030384-07 LIGOBOM .xls Manuals @bomtemp-stacksize
is located - Sheetmetal Bend Tables @homtemp-vendar
' kukorial @homtemp-weight
barmtemp FIGURE 2
barmkemp-all
File: hiame: Open I
Files of type: |E:-:c:e| Files [*.#ls) | Cancel |
[~ Open as read-orly
A
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Once the D030384-07 LIGOBOM.xlIs is located, the following window shall open up on your
screen:

Bill of Materials Properties a El

Canfiguratian | Enntentsl I:::untr-:ull

[ Use summary information title as part nurmber

[ Use the document's note fant when creating the table

' Show partz orly

" Show top level subazzemblies and parts only
" Show assemblies and parts in an indenked list FIGURE 3

Anchor point
[ Use table anchor paint;

Anchor paint coincident to: [ Top Left j

[ Add new items by extending top border of table

2k, I Cancel | Apply | Help

And it is by using this interface that the selections can be made to tabulate a BOM, Drawing
Tree or Materials List.

3.1. General Notes

e It is advisable for all tables that the first two boxes are left unchecked, i.e. Do not ‘Use
Summary Information title as part number’ and Do not ‘Use the document’s note font
when creating the table’. The LIGO BOM is set-up such that the font size in the excel
table will create a table with a width equal to the note box on the bottom right corner of
a drawing sheet.

e The ‘use table anchor point box’ and the ‘Add new items by extending top border of
table’ should also left unchecked

3.2.  Creating a Bill of Materials

To create a bill of materials, the box that should be checked on the ‘Configuration’ area of the
‘Bill of Materials Properties’ is:

" Show partz only
% Show top level subassemblies and parts only

" Show assemblies and parts in an indented list

And on the ‘Contents’ area of the ‘Bill of Materials Properties’ uncheck ‘Display labels at top’
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3.3. Creating a Indented Drawing Tree

To create an Indented Drawing Tree, the important boxes that should be checked are:
" Show partz only
i~ Show top level subassemblies and parts only

{* Show assemblies and partz in an indented list

3.4. Creating a Materials List

Creating a materials list is now very similar to creating a LIGO bill of material (Section 3.1)
with exception ‘display labels at top’ should be checked. Where a Bill of Materials is used on
every assembly and sub-assembly, a Materials List is used only on Major assemblies and
generally created prior to a drawing package being sent out to tender.

To create an Indented Drawing Tree, the following box should be checked:

™ Show partz anly
*' Show top level subassemblies and parts anly

i~ Show azeemblies and partz in an indented list

And, to reiterate, ‘Display labels at top’ under the ‘Contents’ Tab should also be checked.
3.5. Finishing off

Once the correct boxes are checked and OK pressed, a BOM table will appear on the Drawing
sheet. It is likely, however, that none or very little information is shown at first. The reason for
this is that the added functions - the equations from Excel - have not yet been solved. You can
update these functions by double clicking the table (which triggers Excel to open and
calculations to be done) and then by clicking back on the drawing sheet again, this will close.

The Table can then 3 1 1 | 2 |oozzio BRIDGE SPACER FOR MAGNET 06 1-T6-A
b d . t 2 1 1 2 | DDZ0 466 MICKEL PLAT ED MAGHET Md:Fe:Bo
€ move nto 1 1 1 2 |DoZoiar FLAG (FOR MAGNET DOz0466) GOG1-Ta-A
pOSlthl’l, above the TEM NO| REC. |§ PARETOT.| PART NUMBER | DESCRIPTION M AT ERLAL
FARTS LIET
Drawin sheets I
g . HIGTES (LKL BS GTH ERV/B E SR ECIRIED) i —_ Licol CALIFOE HLA IMSTITUTE OF TECHHOLOGY
PART LIST tltle bOX, ;.EEWSIEOHNLSL LNH!A!EPHE%%& ST MASSACH IRETTS INSTITUTEQ FTECHNOLOGY
: : : : SSTEM, ADWANCED LIGD
by simply draggin sy
Yy ply 128 g s DL EARE T e = IS 12 H3 A RE IH IHCHES SUEB-SYSTEM 5|15
the table to this S O b LA S oS LY
. : R M o W R o
location (as shown in R SRR soumans e TLRLCE I o
Figure 4) ' e i
A 0020532 0
FIGURE 4 e, | e, @ s

All information in the Bill of Materials, Drawing Tree or Materials List can be either kept in
the SolidWorks drawing sheets or copied to an Excel Spreadsheet for inclusion in another
document. It is important to note that, to keep the information up-to-date, it is advisable that
the tables remain in SolidWorks until a point where all drawings are finalised i.e. just prior to
Manufacture.
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4. SETTING CUSTOM PROPERTIES IN SOLIDWORKS

SolidWorks custom properties are very useful as they encourage us to embed important
information into the part, assembly and drawing files and more importantly this information
can be then be linked to other SolidWorks tools such as the Bill of Materials function and the

Drawing Sheet.

The Custom and Summary Properties window can be opened by going File>Properties.

Summary Info

Summary  Custom | Configuration Specificl

2]

Mame: description Add |
Checked by -
Client Delete |
Date completed
Department
Destination
Dizposition LI
Type: | Test 7| Mass Praperties |
Walue: IME Lower Blade
Properties: Marne | Walue | Type
rmatenial MaRAGING 5. Test
nrmber Doz202m Test
Tevizion 03 Test
drawn CIT Test
date drawn b ayl2 Text
required 16 Text
spare 4 Text
description MC Lower Bla...  Test
1] | 2]
K Cancel Help |

4.1. Summary Properties

The first window in File>Properties will show the Summary Properties. This area is like any
Microsoft file where you can store useful information about the file and when it was created,
etc. Although it is not a necessity to store information here it will is a good exercise to
practice. By clicking the top ‘Custom’ Tab we can now begin editing the custom properties.

4.2. Custom Properties

This is the key area in which you can enter the important information that links to the Bill of
Materials and Drawing sheet. As shown in Figure 5 (Right) above the information described
earlier about Required, Spare, Material, etc can be entered here.
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In the case of Alternative, Reference and As Required parts these should be entered as follows

(see figure 6):
Summary Information

e.2.  Name: Alternative — =
g Summary I:USt'I'I'ﬁ|I:l:unflgu.u-shl:u:nn Spe-:lflcl

Type: Text
Value: ALT Marme: alternative
Checked by ﬂ
Name: Reference Ellet,nt e
. ate complete
Type. Text D epartment
Value: REF D estination
Digpozitian ;I
Name: As Required Tope: [Ton ]
Type: Text
Value: A/R Valuer  [ALTI

FIGURE 6

4.3. Additional Custom Properties

A number of additional properties that link to the latest Drawing Template can also be added
in the Custom Properties further automating our process of design to manufacture of a design
in SolidWorks (see figure 7 below). With the development of Smart Data Templates, it is not
necessary to add all of these properties (See section 5. Smart CAD and Data Templates).

I arne | Y alue | Type -
file name / loca... Asiniusdengme...  Test
drawin Text
date drawn Text
designed Teut
apgtem ADVAMCED L. Test —
sub-syztem SUS Text
rest azsembly Text
description Teut
nurnber Tt
rEVIZIan Text
rnaternial Tt
finizh A2 Text
reguired Test
alternative Text
reference Tt
az required Text
gpare Test
-
J | B FIGURE 7
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5. SMART CAD AND DATA TEMPLATES.

A series of ‘smart’ CAD and Data templates have been created that will also help automate the
design of parts and assemblies. These smart templates make the job of adding custom
properties and making full use of them becomes even easier.

5.1. Smart Data Templates

A data template is the background file that is opened when a ‘New’ file is created in
SolidWorks.

i.e When you go to File>New or click E the icon. The following screen will then
appear:

Mew SolidWorks Document 21 x|

Templates | Tutorial |

OECENGING

LIGO_Part Part Agzzembly  LIGO_Asze...

o o
L 5 L

Drawing  LIGO_Drawing

Presigm;

[ Create RapidDraft Crawing 0K I e | Help |

FIGURE 8

These are the Data Templates

Notice above that the new ‘Smart’ Templates, named LIGO Part, LIGO Assembly and
LIGO_ Drawing, are already downloaded here and can be edited as new files.

What makes them ‘Smart’?

A ‘smart’ template is a template that has LIGO-personalised custom properties already
embedded and, from the moment you start a SolidWorks drawing, it will prompt you for the
information used in the LIGO BOM and LIGO CAD templates.
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If you open one of the above ‘Smart’ Templates as a new file and go to the Custom Properties.
You will notice that the following information is already programmed into the file:

Summary  Custom | Configuration Specificl
[ anne; | Edd |
Checked by il
Client Delets |
D ate completed
D epartment
Destination
Dizpozition ;I
Type: ITE:-:t j kazz Properties
Walle: I
Properties: M arne | value | Type -
file name / loca... Asiiusdengme...  Test
drawn Text
date drawn Teut
dezigned Text
gystem avaMCED L., Tent —_
sub-spztem 5115 Text
niest agzembly Test
deszcription Text
number Teut
revizion Text i
4| | E
FIGURE 9
] 4 I Cancel Help |

All of this information is linked to the BOM and Drawing Templates. And if filled in
completely will save much time in creating the engineering drawings for the parts and
assemblies.

5.2.  Smart CAD Templates

Smart CAD templates are LIGO-personalised borders for engineering drawings intrinsically
linked to the above properties. And by using these no text editing need be done to an
engineering drawing once the part or assembly has been inserted. Programmed into the LIGO
drawing sheets (D030382) are links to the Assembly, Drawing Name, Material, Finish, Drawn
by, etc (detailed in section 4. Setting Custom Properties) now entered in to the Customised
Properties. This means that all drawing information is no longer edited by using ‘edit sheet
format’ function on a sheet but by adding information to the Custom Properties of a file.
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6. SETTING OTHER PART PROPERTIES

When designing suspensions it is important that we can predict accurate mass and moments of
each of the masses so that the actual manufactured suspension can fit the necessary noise
requirements. For solidworks to calculate an accurate mass we need to input the density into
each part. The area in which this information can be entered can be
a number of ways: a) by right clicking the part name in the
FeatureManager Design Tree and selecting Properties, b) by
clicking the GRID icon on the ‘SKETCH’ toolbar (see Figure 8), or
¢) Tools>Options>Document Properties

GRID
icon

= %f?lu

This will then bring up the Document Properties window under
which the following values of density can be entered under the FIGURE 10
‘Material Properties’ heading (see figure 11).

Document Properties - Material Properties

Alu 0.0027 gramS/M3 i Diocument Properties I
Stainless Steel 0.0078 grams/mm’ — i
Titanium 0.0045 grams/mm’ D?Ei'iir:insmns Density:
PEEK 0.00132 grams/mm’ e {0.0075 gram/mm"3
Balloons — Crozshatch
Alu 0.09754 1b/in® ~ Arrows Patiem 7
. .3 - Virtual Sharps ||5|j [Steel j
?E?;?liii; Steel 8%2;;3 12233 G;;I?Sl'lnl'laﬂtations Display S %
' £l [1.000000 /
- Colors Angle: /
- Material Properties
- Image Quality IEldeg é
- Plane Display
FIGURE 11
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7. CUSTOMISED TOOLBOX.

The customised toolbox (http:/www.ligo.caltech.edu/docs/D/D030383-03) was created
following problems found with the SolidWorks Toolbox when passing assemblies between the
engineers in the US and the UK. Following it’s creation, the customised toolbox has since
been expanded to include a full range of nuts, bolts and washers incorporated in LIGO
Suspension design further automating the design process.

The Customised toolbox consists of a full set of Imperial and Metric nuts, bolts, washers and
associated tools (wrenches, interlocking masses, etc) in both Stainless Steel and Silver plated
Stainless Steel currently used by suspensions team. The reason for undertaking the exercise of
creating this new toolbox as opposed to continuing to work with the SolidWorks version is
because assemblies that use the SW toolbox always refer to the location of the toolbox on the
workstation that is being used. This works well if assemblies and designs are never moved
from that one machine, however with the suspension team being based between GEO in the
UK and LIGO in the US, it has already to be found to have problems when transferring and
sharing files.

When SolidWorks cannot find the existing location of it’s toolbox on, say, the C:/ drive of a
workstation, it will automatically prompt the user to locate the whereabouts of this file. Upon
opening the file it will then revert back to what it calls ‘the last saved configuration’ of the bolt
(for example) and that, despite the fact you specify a #4-40 bolt, could be a #/2-20 bolt!

To ensure these problems do not occur again, the customised toolbox has been designed so
that when a bolt is added to an assembly it is added as an actual part. By so doing, once that
part has been introduced to the assembly as a certain size it will not change, unless the user
physically changes it. The Customised toolbox also has the luxury that the bolts are very easy
to change once inserted in to an assembly such that, if a hole size increased or decreased a
change is simply a right click away. Figure 12 shows how a bolt can be changed:

il

Component Properties ﬂﬂ

— General properti

Component Name: IT_SDCKEWEEHCEDSCIEW Instance |d: |3 Full Mame: |2g-55T_Sockethead

Model Document Path: I\\5Ir\US\uSers\l:torlIe\engmech\EAD_templates\Ag-S 5T_Sock Browse... |

 Configuration specific properti
Wisibilit

I Hide Madel _Cobr. |
Suppression stal
’V(" Suppressed ' Resolved ‘
Solve a
’7(-‘ Higid € Flevible ‘
Referenced configuration
1 Use component's "in-use” or last saved configuration
Hirve Commporreni: A
Pl % Use named configuration SHOS #4-40 % 0.25 j
-

Ed Part
Open ag-sst_socketheadcapsorew.skiprt

SHCS #4-40 X 0.25
5
Open Deawing

Change properties in: CHIre fa.d
Rsdud

=

TR [ ok | concel | Hep |
= - FIGURE 12

14

The Customised toolbox can be found on the DCC.
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8. SETTING UP A WORKSTATION WITH LIGO CUSTOMISED TOOLS

All aforementioned tools and customised SolidWorks functions have been allocated LIGO
DCC numbers and can be found in this Database. All of the tools should be download to the
appropriate location at the same time and should ideally be used at all times during the design
of parts for the Advanced LIGO project. All of these tools have been saved to the DCC as .zip
to make downloading of the files very straightforward.

PDF Documents have been created alongside the tools zip files giving instruction of where the
tools should be downloaded to and details of what tools are included in the zip files. The DCC
numbers are as follows:

D030382-03 Customised Smart CAD and DATA Templates for SolidWorks.zip
D030382-03 Customised Smart CAD and DATA Templates for SolidWorks.pdf
D030383-03 Customised Toolbox for SolidWorks.zip

D030383-03 Customised Toolbox for SolidWorks.pdf

D030384-07 LIGOBOM .xls

In the case of the Bill of Materials, D030384-07 LIGOBOM.xls, it is advisable for ease of use
that this should be downloaded to:
//Program Files/Solidworks/lang/english/
as this is where all of the other SolidWorks Bill of Materials templates are stored.
Note: Older revisions of the Customised tools are also located on the DCC and may be found

during a DCC search. Where this is the case, locate and download the latest revisions of these.
The latest revisions at time of press are those seen above.
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9. CONCLUSIONS

This document overviews how to enter the particular information that is required to use the
LIGO BOM to its full potential and how to enter all the information that the Suspension team
has found useful to incorporate so far. It is possible to further tailor the BOM or Custom
Properties to suit many more needs however a balance must be made on how time consuming
this is above the future benefits of doing this.

The improvements in the document are comprehensive but hopefully, once setup, are straight
forward and well integrated. It is important to note that they have been set up to match the
requirements of the suspensions team. Other design teams within the LIGO collaboration may
find that these improvements need to be expanded or further customised to match their exact
needs. The authors would be interested to hear of any new suggestions or further
customisation of the above tools.
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DESIGNING IN SOLIDWORKS

Customised Tools for Design and Documentation of
LIGO Parts, Assemblies and Drawings

APPENDIX 1

Tutorial Example

This tutorial demonstrates the functions used in creating a typical test mass assembly with the
required information to produce an automatic Bill of Materials. This tutorial is designed to
integrate with D030384 07 LIGOBOM.xls and the LIGO Customised Tools described earlier in
this document. Please ensure that all necessary updates have been completed as this tutorial is
designed to make full use of the new functionality.

To begin, open a new LIGO Part:

3¢ SolidWorks us =
SW solidWorks 2001PI = .S

File Wiew Tools Help

D ER[o- = |0 EYZ (R

New SolidWorks Document

Templates | Tutarial |

Part Azzemnbly LIGO_Aszze...

Freview:

Drawing  LIGO_Drawing

ok I Cancel

Ready [TOErE
iastart”J & 3 ey |J 4 JPhysics and Al 3 Drawings Far ... | 4 |Dictionary.co... ”Snliqurks o [WMicrosoft word |Q@g@u<ﬂé@° 10:36 &AM
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SutSolidWorks 2001Plus - [Sketchl of Partl]
File Edit Wiew Insert Tools Toolbox Window Help
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To indicate that a drawing has been
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drawing’s custom properties.

48. Go to File>Properties>Custom
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Should you require to add further notes
e.g manufacture notes to the drawing this
can still be done by right clicking the
drawing and pressing ‘edit sheet format’

49. Drawing Complete. Save Drawing
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50. The completed drawing should look
like that overleaf.
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