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DESIGNING IN SOLIDWORKS

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

1. INTRODUCTION

This document serves to describe in detail the usage of a series of SolidWorks customised
tools created by Mike Perreur-Lloyd and Calum Torrie. The document is written to be used in
conjunction with a sister document', which gives an initial outline of the customised tools and
instruction on the downloading and integration of these from a central location to the users
desktop.

2. BACKGROUND INFORMATION

The document details how information can be attached 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 make time for 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. The tutorial is
concluded by an example of how a file can be uploaded to the Caltech PDMWorks vault.

' D030382 “An Introduction to the LIGO PDMWorks Vault and a Top-Level Summary of the Drawing & Data
templates, Macros, Bill of Materials and Customised Toolbox created for SolidWorks”.
2 E030350 “Mechanical Drawing Guidelines; D Coyne; available on the LIGO DCC”.
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3. PART PROPERTIES FOR THE BOM

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

The above table shows the LIGO Bill of FIGURE 1

Materials column headers
The functions used in creating an accurate Bill of Materials are outlined below. Further
instruction on how to use these is contained in the appended Tutorial (Appendix 1).

3.1. Item Number Column

3.1.1. 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.

3.1.2. 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).

3.2. 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. Again this can be done in the Custom Properties:

Page 2



Advanced LIGO LIGO-T030143-03-D

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

3.3.  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.

34. 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’.

3.5. 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

3.6. 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
‘Summary Properties’ beside the heading ‘title’:

e.g. D020123: Enter this number next to Title on the ‘Summary Properties of

the part. -

Title: IDD2|:|1 231

[ IS I

3.7. 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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4. CREATING A BILL OF MATERIALS, DRAWING TREE OR MATERIALS LIST

To create a Bill of Materials (BOM), 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]

EaE -

fl fl FIGURE 2

283
METUPPER MASS
AHD AT [KIT FIC g

" promear oo

A e g [
i i i :

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

This will then prompt you to open up a BOM.xlIs file from a list of files in SolidWorks.

3 D030384.xls, refer to D030382 for information on locating and downloading this file.
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Once the LIGOBOM 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

Anchor point FIGURE 3

[ 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.

4.1. 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
spreadsheet 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 be left unchecked

4.2. 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 parts only
£+ Show top level subazzemblies and parts only

" Show azzemblies and parts in an indented list

And on the ‘Contents’ area of the ‘Bill of Materials Properties’ uncheck ‘Display labels at top’

Page 5



Advanced LIGO LIGO-T030143-03-D

4.3. Creating a Indented Drawing Tree

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

% Show assemblies and parts in an indented list

4.4. 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 parts only
£+ Show top level subazzemblies and parts only

£~ Show aszemblies and parts in an indented list

And, to reiterate, ‘Display labels at top’ under the ‘Contents’ Tab should also be checked.
4.5. Completing the Engineering Drawing

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, ;_EEW‘?EOHNLSL LNH!A!EPHE%%& ST MASSACHIRETTS INSTITIMEQ 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 wre wn | mowaion, e[ *rrers

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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5. 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 Information el |

Summary Custom | Configuration Specificl

M ame: I aterial b odify |
Description -
M umber
Revision
b aterial I
Weight ;I Edit List |

Type: I Teut j Masz Properties |

Yalye: IEDE‘I-TE-AI

Froperties: Mame | Yalue | Tupe -
b4 aterial BOET-TE-4] Test
Dirawn CIT Test
Drate draw 28 .JaM 2004 Test
Designed CIT with MPL and...  Test
System ADVAMCED LIGOD Text 1.
Sub-system 5SS Text
Mext aszembly ETh COMT TEST... Test
Revizion uli] Test
Firizh [ Test
Required Text =
1 | 3

FIGURE 5

Ok Cancel Help |

5.1. 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.

5.2.  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.

In the case of Alternative, Reference and As Required parts these should be entered as follows
(see figure 6):
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Summary Information

e.g.  Name: Alternative

Type: Text Surrnary  Custom | Configuration Speu:ifiu:l
Value: ALT
[ arne; Albernative
Name: Reference E:i-l:rl‘?tkEd by ﬂ
Type: Text Drate completed
Value: REF Departmant
Drestination
) Dizpozition ;I
Name: As Required
Type: Text Type: | Tt R
Value: A/R
Walle: |-‘:"-|-T| FIGURE 6

5.3. 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 6. Smart Data and CAD Templates).

Mame I Walue | Type -
Drravn Text
Date drawn Test
Deszigned Tewt
Suyztern ADVAMCED L., Text
Sub-zystem SUS Test o
Mext azzembly Text
Description Tewt
Revizion Text
b aternial Tent
Firizh i FrS Test
Required Tewt
Alternative Text
Reference Tent
Az required Text
Spare Test
< | B

FIGURE 7
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6. ‘SMART’ DATA AND CAD 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.

6.1. ‘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 i 21 x|

Templates | Tutorial |

g 8 & @

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.

* See document D030382 for information as to locating the latest version of these files
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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 Speu:ifiu:l
M ame; b aterial b odify |
Drescription 3
PartMo | Delete I
Murmber
Hevisinn
ﬂf‘;,‘;’ﬁ' r Edtlit |
Type: ITE:-:t j b azz Properties |
Walue: I
Froperties: M ame | walue | Type =
b atenal Tenst
Diratan Text
Date drawn Text
Designed Test
System aDAMCED LIGO Text |
Sub-system sus Tenst
M ext azzembly Test
Revizion Text
Finizh Text
Required Tenst i
1| | 3
FIGURE 9
k. 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.

6.2. ‘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 are links to the Assembly, Drawing Name, Material, Finish, Drawn by, etc
(detailed in section 5. 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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7. CUSTOMISED MACRO FOR SYNCHRONISING PART AND DRAWING PROPERTIES

A more recent development of the customised tools has been the addition of a macro which
copies all properties entered into the SolidWorks Part or assembly across to its associated
drawing file.

There are two great benefits of being able to do this:
7.1. It saves time having to type up the same data into both part (or assembly) and the
associated drawing files custom properties.
7.2.  The properties act as Windows Metadata, which is then searchable through
Windows Explorer (and, in future, Internet Explorer).

A consequence of this is that all of these properties are transferred across when we create a pdf
of the drawing, therefore enhancing the quality of the documentation submitted to the DCC

An example scenario of how this will help us could be as follows:

Sometime in the future a member of the installation team needs to know the specifications of a
cantilever blade but they do not know what the part number of the blade is. They do know that
however that it is a part from the Mode Cleaner Upper Mass and that Mike Plissi probably
designed the blade. Therefore, in this example, without trawling through numerous pdf
drawings, we could search the list for all files with ‘MVP’ or ‘MC Upper Mass’ in the
properties.

The macro, called “GOE PropSynch.swp”, is contained as an attachment to this documents
sister paper’ and will be available on the PDMWorks vault. An example of this macro being
used is in the appended tutorial.

5D030382

Page 11



Advanced LIGO LIGO-T030143-03-D

8. SETTING OTHER PART PROPERTIES

When designing suspensions it is important that we can predict accurate mass and moments of
inertia 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 accessed 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 GRID
(see Figure 8), or ¢) Tools>Options>Document Properties 1con

= %f?lu

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

Document Properties - Material Properties

8.1. Examples of Material Densities System Options  Document Properties |

Alu 0.0027 grams/mm’ Difi':r:gensims Diensity: i

Stainless Steel 0.0078 grams/mm3 Motes {0.0078 gram/mm"3

Titanium 0.0045 grams/mm3 iallcn:ns -gmttsshétch -
ili 3 - Brrows atterr:

Fused Silica 0.002202 grams/mrgl - vetus hps T - %

PEEK 0.00132 grams/mm L iy = /

Glass (BK7) 0.0025 grams/mm3 Eriiﬁnap |_1.DDDDDE| %

- Colors Anale:

Alu 0.09754 Ib/in’ T e g Z

Stainless Steel 0.28179 1b/in’ lljrlnageDQ';TIiiv [ [

Titanium 0.16257 Ib/in’ “RAIREEE

’ FIGURE 11
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9. CUSTOMISED TOOLBOX.

The customised toolbox® was created following problems found with the SolidWorks Toolbox
when passing assemblies between various engineer’s computer terminals. Following its
creation, the customised toolbox has since been expanded to include a full range of nuts, bolts
and washers.

Once located, the toolbox should be downloaded in its entirety (preferably, or as required) to a
local drive for usage in all Advanced LIGO assemblies. For more information on downloading
this Toolbox, refer to document D030382

9.1. Background to Development of the Toolbox

The reason for undertaking the exercise of creating this new toolbox as opposed to continuing
to work with the SolidWorks Toolbox is because assemblies that use the SW version 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 been found to be
problematic 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!

9.2.  Using the Customised Toolbox

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 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. To introduce a new
Stainless steel bolt, for example, into an assembly the SolidWorks user would ‘Open’ the file
SST SocketHeadCapScrew.sldprt, select the appropriate configuration, then drag and drop it
in to the assembly. Once in the assembly the user then ‘Mates’ the bolt to the interfacing parts.

® D030383, Refer to document D030382 for information as to the location of the latest version of this.
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The customised toolbox has the luxury that, once a bolt is inserted in to an assembly, it is very
easy to change its configuration. For example, if a hole size increases or decreases, a change is
simply a right click away. Figure 12 shows how a bolt can be changed:

_ il

i~ General propertie:
Companent Mame: | T_Socketheadcapscrew  Instance d: {3 Ful Mame: IAg—EST_SnckElhEad
todel Document Path: I\\5ilius\users\ctmriE\Engmsch\mD_lemp\atEs\Ag-SST_Sﬂck Browse.. |
i~ Configuration specific properti
g ' Wisihili
Facn Pregmeting....
Face Curvalure
b
e I Hide Modsl _Coer. |
Edi Definkion
Parert{Chid. .. Suppression state
T ’7(" Suppressed * Resolved |
Hide compunents
Setto Lichweiht: Solve & G
m ’Vr-‘ Rigid | Flesiblz FI URE 12
Diednte: Referenced configuiation
SmartMatrs " Use component's "in-use” or last saved configuration
xmc::“"" ' Use named configuration SHCS #4-40 % 0.25 j
£t et SHCS #4-40 X 0.25 -
Open ag-sst_sockethendcapscrew.skiprt Change propeties i l_ e 23
Open Deawing a4
Rsdud
11 o ps— 0K I Cancel | Help I

10. SETTING UP A WORKSTATION WITH LIGO CUSTOMISED TOOLS

All Customised Tools in this document can be found on the DCC however the latest versions
of all tools are available on the Caltech PDMWorks vault. Please refer to the top-level
document D030382 that describes where all customised tools are located and instructs as to
how and where these should be downloaded.
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11. THE PDMWORKS VAULT

It is the intention of the suspensions team that, from the publication of this document onwards,
all part, assembly and engineering drawing documents in SolidWorks, pdf and universal CAD
format (SAT) are all stored on the CalTech PDMWorks vault. This replaces Sirius as the
storage location for future controls and noise prototypes, and finalised suspension designs. It
has become apparent through testing at CalTech, MIT and Glasgow that this Data
Management tool provides the solution to the problem of designing suspension assemblies and
their associated surrounding architecture, safely and securely across a number of locations and
countries.

The following sections highlight some points on PDMWorks usage and general convention for
naming design files specific to the Advanced LIGO project. For full instruction as to how to
use PDMWorks please refer to the help files.

11.1. Rules for Creation and Naming of Files for the Vault

10.1.1. Part files should be named like this:
D040xyz "Suspension’*Sub-System’ ‘Description’.sldprt;
e.g. D040036 ETM_TEST MASS.SLDPRT.

10.1.2. Assembly files should be named like this:
D040abc "Suspension’ Assembly “Sub-System’.sldasm;
e.g. D040038 ETM_Assembly Test Mass.SLDASM.

10.1.3. Drawings should be named as per their associated part or assembly (sldprt):
e.g. D040038 ETM_Assembly Test Mass.SLDDRW;
or D040036_ETM_TEST MASS.SLDDRW.

10.1.4. Drawings should, once completed, be converted into .pdf format with and
embedded .SAT file. This can either be done using BlueBeam’ or using Adobe
Acrobat (full version), which allows SATs to be embedded in pdf files.

10.1.5. For assemblies it is also encouraged that an isometric rendering in jpeg format
is also checked into the vault. These will be very useful when preparing
presentation material or writing report and papers.

11.2. Management of the Vault

The management of the vault at the Administrator level will be undertaken by Mike Pedraza of
Caltech. The vault will be backed up every day so that should something go wrong we can
check back to the previous days file structure.

Other than this PDMWorks vault manages itself as it automatically identifies old or new files
being uploaded, or indeed the same unchanged files being uploaded and issues revision
numbers when necessary. Files can be ‘owned’ by any member of the vault — where this is the
case, specific files can be downloaded but only as read only. If however the file is resaved
locally by that new owner and uploaded, it will be checked in with a new revision number.

" Bluebeam PDF - www.bluebeam.com have created an icon based pdf creation tool which simplified the process
of creating pdfs and embedded SAT files. Now also available from SolidWorks (www.SolidWorks.com)
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11.3.

11.4.

Checking files in to the Vault

11.3.1. Files should be checked in with the appropriate naming convention (see 10.1.)

11.3.2. The correct ‘Project’ should be selected for the file being checked in. The
‘Project’ is the directory or folder under which the file will be listed.

11.3.3. Non-CAD files such as pdf’s, jpeg’s, word documents, and excel spreadsheets
can be referenced to other files on the vault should their information be linked
somehow.

Other features of the Vault

11.4.1. SolidWorks files and their revisions. In the custom properties of the Smart Data
templates there is a reference to a file’s ‘Revision’. All Smart CAD templates
are set up to automatically use the PDMWorks revision information, however
should you wish to over-ride this function — your specified revision number can
be manual entered into the custom properties of the file.

11.4.2. Revisions occur every time an item is are checked out, edited and checked back
in to the PDMWorks vault.

11.4.3. To re-iterate, all of the customised tools described in this document will be
available in the Caltech PDMWorks vault. Please refer to the document
D030382 for advisory notes on locating and downloading the files.
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12. 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, but a balance must be made on how time consuming this
over and above the future benefits of doing this.

The improvements in the document are comprehensive but hopefully, once set-up, are
straightforward and well integrated. It is important to note that they have currently 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.

Authors:

Michael Perreur-Lloyd:

Institute for Gravitational Research, University of Glasgow, mplloyd@physics.gla.ac.uk
Calum Torrie:

LIGO Project, California Institute for Technology, ctorrie@ligo.caltech.edu
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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 08 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.

NOTE: Some of these tutorials screenshots were taken prior to the most recent document revision
please refer to the main document (which has been fully updated) should you notice anything
unusual. (e.g. the custom properties shown in the tutorial - pages 6 to 8 - have small letters)

To begin, open a new LIGO Part:
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T HRED030yyyy_DesigninginSWTutorial_Assembly_TestMass - Sheetl =13l T‘
Vr D030y _DesigninginsWTutorial_& = .
Dot 50. Open the custom properties
& = BB T 21x|° : : again
~ I3 Sunmay Custom | ; (File>Properties>Custom
| - st | Properties). You will notice
Drescription . .
0| Park A | that all properties from the
Fievision 1
i Hac] - part/a.ssembl.y are now
= ) : contained within the drawing
= Ype: ent -
B N (as shown left)
s g
o Propetties: [ ame [Value [ Type N - . .
2 riekes Cwim Tea 52. The Drawing is now
& file name / loca... / ctomiedengm...  Text .
- dam WLIGE Tet | complete. Save as:
- late drawn et
e/ Sesgned  MPL(GR)  Ted ‘Assembly Test Mass.slddrw’
W system ADVANCED L. Text — —
| —! sub-spstem sus ) Teut
Termion " AvenbyTed Tox _ILI .
; , 53. The drawing should look
1 : 1 like that attached at the end of
the appendix.
LI_ QK | Cancel | Help | - A=)
L) A[r ] sheett KA I'I_‘I
e[

3¢ SolidWorks 2003
File View Tools Help

iﬁstart”J m a @ = NEN] @ m @ -Dp “ @Physics @ctnrr\e-‘.. I@sulidw"_ 3 Tutoris! | Designin...l bMicrnsﬂf...I |<ﬁ§m®§u@§$ 5:50 AM
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[ [Editing Drawing viewz

== %]

D@ a[&E] = - 0E%| % ?

EeHIE QB @SEHRDEE|EaEX|0ER 00

SUBMITTING THE
FILES TO THE
PDMWORKS VAULT

My Computer [C21186)
@ Open in Solidworks
-2 3% Flopay (&)
(1= Local Disk ]

‘Q Compact Disc (D]

r~ Selected Local Document Information

Document: I

File bype: I

todified: I

Path: I

Firad it a0l |

Preview I

There are a few ways in
which you can check-in
documents to the vault.

Here is one of them:

~ Selected vault document information

Document: I

Preview I

With all SolidWorks files

File bype: I

Modified: |

Project: I

Owrner: |

Revision: I

|

Config: I

]

Froperties IHistorw’Noles' Hefelemcesl Where Used' Config

closed

54. Login to the
PDMWorks vault as

! prompted at SolidWorks

Property | Value |

Startup or otherwise.

55. Go to
File>=PDMWorks Open...

The PDMWorks screen

|Se\ect 4 docurnent

Reeady

iﬁstart”J m F-] @ = NEN] @ m @ 4@ “ QSUIidWUrks 2003 @Designing_in_Sn\iderks‘Hl 3y Tutorial

(left) will appear.

TTTTTT
| [ s aDDae azam
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=le x|

[DF W ER=- = |8

wedd B(RE

AN

SileeBagx|0E2 00

RA PDMwiorks 2004

56. Open the local folders

| to the file you wish to add

=17 Tutorial

=1} @ D030xxkx_DesighinginS'w Tutorial_assembly_Te
AN DDEDXXKM_DeslgmnglnSWTutnnal_AssEmh\_y_Te_l

o @ D030ywey_DesighinginS's Tutorial_Assembly_Te

=

i~ Selected Local Document Information

Preview | Yiew

to the vault.

- % D 030xxsx_DesigninginS'a/Tutorial_Testhass 5L @Bt I
=1} % D030xxks_DesighinginS'WwTutarial_TestMassE ar File type: |
— % D030xxxx_DesigninginS'/Tutorial_TestMassExh Modified I

Y lﬁ| D030wwpy D esighinging'w Tutorial_Assembly T esttagzs, SLDDRW \" I

Ll

— % D030wwpy_DesigninginS'w/Tutorial_Testhass 5L

> % D030y DesigninginS's Tutorial_TestMassE ar
= % D030wwey_DesighinginS'w Tutonial_TestMassExh
... 8 SereenShotl.iog

Find i waut

57. Drag and Drop the file
to the appropriate folder
on the vault (e.g.

w4 ‘Example Project fro

-

T030143’, shown left)

r~ Selected vault document infarmation

| »

Document |

E@ zolid works
- @ custom toolbox

(i Example Praject for T030143
[ QUAD ETM

[@ SEI KM

=2 My Vault (131 215 115,155 / mpllayd)

@ E030268-06_overalBOM_LIGOMC_13May2003 1ls <PRE-OT>

Preview | Wiew |

File tppe; I

Madified: |

Project: I

Owirier. |

Revision: I

|

Config: I

=

. poMWorks

Froperties I H\slnrnyntesl F\eferencesl Wwhere Usedl Ennhgulatlnnsl

Property | WValue

‘Select a document

Ready

il start |J m & @ = NN @ m @ 4@ “stulidw‘)rks 20... @Designing_in_Su...l 3 Tutorial

[LEErT

| &g microsot photo .| | AT B 231 am

S¥ SolidWorks 2003 - DD30yyyy_DesigninginSWTutorial_Assembly_TestMass - Sheetl

File Edit Wiew Insert Tools ‘Window Help

=181

= =
FA PDMwWorks 2004

0o

=
£

e | @ s e @l o (@ D O ot | s sl 2 m s a

58. The following

window will open. Check

A % D030yyyy [
) DOy [
\‘g ScreenShat

& WY SereenShot

4

I=2 My¥ault [131.215.115.155 / mpliay
é @ solid works

@ E030258-06_overalBOM_L
]@ custom toolbox

@ Example Project for TO3014
QUAD ETH

K@ onnp@u|ife vHeaE >[5

Properties; IIlgn

j - Value:l

*Eﬁll@ll@&l@ﬂﬁﬁ\"m%xuI%|8@ | 3
B R — - - that all of the appropriate
— e e —— A e :
g t‘% D030 L — Current document information - documents a're belng
- :% Eggg::::{ 7 Wumber: [ Document; [D030ys_DesgringnswTutar copled across and check
EE ;‘@ Dgggww:[ Drescription: | File: type: |So|iderks Drawing Document {2 that the ‘PI‘Oj eCt’ is
E K: Egggww—E Revisian; | Dwrer: | @ t
B o® - Madiied: | Projzct: [ Example Projest for T030 7| correct.
B
3

r~ Select references to check in

7 | Document

[E

o

C030ypy_DesigninginS'wTutoral_Assembly_Testtass SLOASM
D030y DesigninginS'wTutorial_TestMass SLDPRT
D030pywy_DesigninginS'wTutarial_TestMazsEar SLDPRT
D U3Uyyyy_DesigninginS\v\riTuloriaI_TestM assExtraMaze SLDPRT

<

Checked references: [ Retaih ownership ™ Delete local copy

[V Apply note

| Murber | =
_>l_I

r—&dditional infarmation for curent document

Select revison: [0 =] T Deltelocd copy [ completed, it is checked
v ereen :”” ¥ Retan annaiti in to the vault and deleted
' locally.
[creckin | _ concel | _oupuTofie. e | PDMWorks advises of

59. Select ‘Check-in’

e | ie

once you are happy with
all settings

It is advisable that once a

| sub-assembly is

latest revisions should the

A | |EZ AT empikPL_J anFeb044Tutorial D030w_DesigninginS' Tutorial_&ssembly_TestMass. SLDDRW

user try to download a

.ﬂ'l |4|>|\ Sheetl

[l

document that they

il start |

[der Gormed |
e e S 26 O E S e ||[Isodwork.. Bycan_tenpl... | diviaosotp... | @]pesining .. |

already have locally.

T T W

!
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S¥ SolidWorks 2003 - DD30yyyy_DesigninginSWTutorial_Assembly_TestMass - Sheetl - |ﬂ |5|

File Edit Wiew Insert Tools ‘Window Help

[ Sal e el @ v @l st @@ Ore ot | i a2 sl o om i sa e e |t

&, #0557 _Sucketheadcapserew SLOPRT <PRE-D3> Canfig: |[None selected] = . .
% DO30pyey_DesigninginSwTutorial_TestMazs SLDPRT <00 You Wlll also nOtlce that

S DO30pypy_DesigninginSw/Tutorial_TestMassEar, SLDPRAT it |HiStUW"‘N°tESI HEFE'E"E“l Where USEdI Configural The ﬁles that haVe been

| O = 2l
S

D E s AR R s e e e B Rlen & = 3 s

| 2l EEEIEEEEEEEE R ¥ 60. Select “Yes’ to the
—

D 030uuxw_D esigninging's'Tutorial_Aszembly_T estMass_SLDASh’ﬂ  Selected Local Document Information————————————————
A RG] } :
7 - B2 DO30wxxs_D esigningin'w/ Tutarial_Assembl_TestMass. SLODRY Preview |V|e messages that appear on
\‘% D 030xxxx_DesigninginSw Tutorial_TestMass. SLDPRT ) — - h kin h men

u‘% D030k DesigninginS'wTutorial TestMassE ar SLDPRT Document: |DU3Dwyy,Deslgmmg\n5WTutonaLA --_ (s C eC g t e dOCll e tS
HE - % D 030wxs_Designingind s/ Tutanal_T estM assE strabass SLOPRT File type: |So\id\N’Drks Drawing Document o 1n.

Q i @ D030wpypy_DesigninginSs/'Tutorial_tissembly_Testtdass. SLDASK Modified: |2j5,"2004 35012 AN 1

58 DO30wwwy DesigninginS's Tutorial_Assembly_TestMasze. SLDDRY 1 @

E E % DO30pywy_DesigninginSWw Tutarial_TestMass SLOPRT Path: IC.\TEmp\MPL_JanFebUd\Tutuna\ . .

& = ) D030y DesigninginS'w/ Tulorial_TestMassEar SLOPRT o — ! 61. You will now notice
g El % DO30wpwy_DesigninginS/ Tutorial_TestM assEtrabass SLOPRT th t 11 f-l h b

= E - B SersenShotl] ipg —_— ata 11€S have been

o &Y ScreenShati a g > 1| [~ Selected vault document information .
us ‘ | ;r' _ o __ peien v transferred across in a
Document: |DU3Dyyyy_Des|gmmg\n5WTutonaI_A . .

=l P g 1 el Fil ype: [Saldfarks Bssenbly Docimert hierarchical order below
[t} =] sofid wirks

= ) EN30258-06_overalBOM_LIGOMC_13May2003 1ls <PRE-0T> Modfied: [2/5/2004 35010 AM the PI'OJ ect folder (see

D'% + @ custom toolbox Project: IExaranE Project for TO30143

» =] @ Example F'm|acl for T30 43 . . Dvrer: [iplloyd Screenshot left).

D-N ! @ DU3Uyyyy_DEs|gmng|nS\N’Tu Lorial Assemb\y TestMass 501 ety IDD [Latest) j

G

]
)

8 DO30wy_Designingins' Tutorial_T estMassE sratass. SLI Property [ Value |
@ Su;_lmADEI)EETM ﬁﬁfni?i”" checked in show a grey
(G sEIKM Rleidon O e symbol rather than a blue
e el symbol next to the file
<| ] —— name (top left corner)

A | |‘I 31.215.115.155:\z0lid warks\E xample Project for TO307 4340030y DesigninginSw T utonal_sssembly_TestMass SLDASM |

a|
. H I Iﬂﬂ\_sheen [l >

| [under Defined || [Editing Drawing Yiewl

Hstert ||| (A @ D 2 0) D A F S e ||[Fsondwork.. Bycan_templ.. | drvicoscitp... | Epesigning.i... [FessAQIEE ssoam
il
File View Tools Help

”D@nlgml.ﬁ_ﬁ‘_lnm\?ffln@ |

'
FREHIEQERSDR|ee|(DasEx|0 mRen ~¥| CHECKING IN A PDF

£ Tutorial o] ~Selected L\:lcalD\:lcumenlIhfurrrlalmnﬁw|Vie DOCUMENT AND

] % D030xR=x_DresianinginSW T utonial_Assembly_Testh ass 5LDAS

- B D30xi_DesigninginS'w/ T utorial_assembly_TesiMass.5LODI_| Doctmen: [DO3mm Desaral W T ot REFERENCING TO

o % D030%sx_DesigninginSwTutorial Testtazs SLDPRT

;\% D030xx=:_DesigninginSwTutonial_TesttazsEar SLDPRT File type: IAdubeAchbatDocument AN ASSOCIATED
) D030 DESIgHIHgII’]SWTulD[Ial TesttdassEstrabass. SLOPF WModified: |2j5,.12004 10:03:48 A SOLIDWORKS FILE

Path: IC.\T empiMPL_JanFeb044Tutorial

@ DO30py Des  ©pen Document LDse
Eg D020wmy Des Bresiev Window, LDDI =
Find i wault B
€ - S This also shows another
% D030y _Des —_—
S, 0030wy Des in This LOPFXA | [ Selected waulk document information———————————————————| : :
K Checkin From Disk., ; — Prvin [ v method for checking in a
=2 Woya (3] HE 11F 1EF datefReload From Yault — aeUmENt:
QM Vadlt 131215115155 7 . |
vl UpdatefReload All From ault, File type: | document.
EI @ solid works e )
- 38) E030258-06_overdl » Modfied: |
- @ custom toolbox Sarphlliusaved) Project: I
- & ) Example Project for  Refresh Local Yiew o | 62. Create and save a PDF
H +-98 D030 o PDMWorks Options. .. LDASH - : .
@ UEDaETM S Revision: | [ _.| ofthe SolidWorks
sample Canfig: I j Hi

[@ SEIKM dI‘anl’lg ﬁle .

Propertiss |Hislury.r‘NUlEs| Heferen:esl where Usedl Configural

Propertp | Walue |

63. Right click the
appropriate file and select
‘Check in this

« m Document...’ (see left)

|EZ AT empikPL_JanFeb044 TutonalDO30w_DesigninglnSw T utonal_Assembly_Testh ass.pdf

REEY IEErrr
Hstert ||| (A @ D 2 0) D A F 5 e ||[Esondworks z0.. By Tuteria | dgmicrosoft phota ... | EIDesioring in_sol...| [{- 8 AT 24  1o:10am
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File View Tools Help
JJD@I‘IIE;.I’,\IM_N_I vl @ |
=
FRHdIEQEROOD|Es | BaEX | IER O ' Shaw previews
B0 Tutorial ]| - Selected Local Document Information
B TIE RO . orrvorkcs - Check inpocument. S R
- AN D030wxx_DiesigninginShy X X
s % D030_DiesianinginSh r Current document infarmation
l‘% D030xm=x_LresigninginSy [5 Number: I Document: |DD3Dyyw,DesigmnglmSWTutD
- G DO3Drces Desigringin Description: | File type: |Adobe Acrobat Document
™ '@ D030y DesigninglnS X
-] @ D030ypyy_Diesigningin', Revisian: I Owner: I
- D030pppy_CresigninginS'y Modified: I Project: |QUAD ETM j EPDMWUH(S
s% D030wpyy_Designinginy 5 ties: Iﬁ Value: QUAD ETM
8% DO30wwy_DesigninginS's 1opemEs: Jiao + el SEIKM
& S D030y Desiaringing, ol otk
14 L | e | custam toalbax (=] |View I
I=2 My Vaul [131.215.115 155 # mplloyd) 7| Dacument | Mumber [ Desaription | Revisian | Dwne_ﬁ%ﬂg
EI @ solid works
: @ E030268-06_overalBOM_LIG
[+ @ custom toolbox
= (&1 Example Project for TO30143
(a DO30pwyy_DesigninginSw
[ QUAD ETH Refersnces.  Add Remove |
ol T Pomworks
SEIKM r Additional information for current document

4

Select revision: IUU [~ Delete local copy

=

Mew revision: |UU ¥ Retain ownership

Enter note: |

Check In I

Cancel | Output To File, ..

Configurations |

64. Select the correct
‘Project’ as shown top-
left.

E

Ready

il start |J

|EZ AT empikPL_JanFeb044 TutonalDO30w_DesigninglnSw T utonal_Assembly_Testh ass.pdf

5w 5olidWorks 2003

File Wiew Tools

Help

20 E0 T AME e |J|@l5ulidworks 20... 3y Tutorial icrosoft Photo ... | @]Designing_in_sal...| [4

65. Next, click the box
References: ‘Add’

The following screen will

o=

il o=ara |

vl @ |

FA PDMWorks 2004

appear (see screenshot

4

B

e N % D030%s=%_Designire
-] % Di030:m_Lresigning

-] @ D030ypyy_Designing
- D030y Designir
-] % D030y Desianing
-] % D030ypyy_Designing

[1030:xmm_LresigninginS'y
] % D030xmm_Designin

™ '@ DO30wpwy_Designirn

& S, D030y Desianin

4

I=2 Mytault [131.215.115.155 / mpl
EI @ solid works

: @ E030258-06_overallBON
- @ custom toolbox

= @ Example Project for TO3C

(a DO30pyyy_Designing
OUAD ETM
sample

- Select a new referenc

P

ol et el

@ PDMWorks - Reference Selector

FeHdREQERSIRBesPadX|0EROD “| bottom left)
B0 Tutorial ]| - Selected Local Document Information
] % IR IR ik PDMOrkS  CHECK IR DOEUmERE x| iew |View

66. Locate the top-level

file that is associated with

E_ by aul (121.215.115.155 / mplloyd)
@ solid warks

-2 EN30258-06_overalBOM_LIGOMC_13May2003.41s <PRE-O1>
-

custom toolbox
E=ample Praject for TO30143
,_Designingin

your pdf and select OK.

T PoMworks

figurations |

Cancel |

Check In | Cancel | DutnutToF\Ie..l

E

Ready

il start |J

|EZ AT empikPL_JanFeb044 TutonalDO30w_DesigninglnSw T utonal_Assembly_Testh ass.pdf

& 020 B E G e ||[Isondworks z0.. By Tuterisl

[LEErT

| inErDSUFt Phota | Des\gning_in_SDI...l |Q$m®@ﬂ@g§ 10:19 aM
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File View Tools Help

“D@nlgml.ﬁ_ﬁ‘_lnm\?ffln@ |

wRHddEQEEaDB|e & BEEX(IER G0 7 Show previews
= Tutorial a || ~Selected Local Document Information
-} @ D 030xxxw_D esigningins W T utarial_sszembly_Testh Preview |View I
_— DO30xxxs_DesigninginS'wTulorial_sssembly_Testh_ |
o % D030xxxx_D esigninginswTutarial_TestMass SLDPI
;‘% DO30xwxs_D esigninginGw'Tutorial_Testh assEar. 5L File type: |AdabeAcmbatDocument
_— % D 030w _D ecigninginw/Tutorial_Testh assExtrald WModified: |2j5,.12004 10:03 48 AM
-] '@ DO30yyyy D esigninglnSWWTutorial_Assembly T esth
e @ DO30pywy_DesigninginSw T utarial_sszembly_Testh
-] D030y _Designingin'w Tutorial_sssembly_Testh =
Find ir vault PDMWork:
o B % D030wywy_Designingins W Tutarial_TestMaszs SLDPI ﬂ s
e % DO30pywy_Designingins'w T utarial_TestMassEar 5L
o B 0030w DesiuninuinSWTuloriaIITestMassExlra_?vi;I - Selected vault document information
»

Docurnent: |

Document: |D 030pyyy DesigninglnSTutorial &

Path: IC.\T empiMPL_JanFeb044Tutorial

4

Preview | Wiew |

I=2 My Vault [131.215.115 155 / mplloyd)

& @ solid works itz I
58 E130258-06_overalBOM_LIGOMC_1 3May2003 s <PRE-01> Modifed: |
- @ custom toolbox Project: I
& @ Dwner: |
E-m DO30pyyy_DesigninginSwT utarial_Assembly_TestMass SLOASM < .
1 D030pppy_DesigninginS '/ Tutorial_Assembly_Testhd ase SLODI ety I j =
IEyﬂDUBDy_\,Iy_l,I_DEsigninglnS\a\f"TutoriaI_Assembly_TestMass.pdf<UD> Config: I j ﬂmwms
& Ag-S55T_Socketheadcapscrew. SLDPRT <PRE-03» .
S, DO30ywy_DesigninginS'w/Tutorial_TestMass. SLDPRT <00> Pronetis: | History/Notes | Rieferences | Where Used | Corfigurations |
D030vewy_DesigninginSwTutorial_TesttassEar SLDPRT <00 Propery | alue |
@ D030y _DesigninginS'wTutorial_T esthassE strabass. SLOPF
[ QUAD ETM
sample
61 SELEM

4

|‘I 31.215.115.155:s0lid work s\E xample Project for TO30743

Ready

il start |J

67. The documents are now fully checked in. The process of T
@1 checking in a PDF can be repeated for jpegs, Word documents g% wziam
Excel spreadsheets, etc.

END.

See over for the completed engineering drawing of
Assembly Test Mass.
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