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GDML: Geometry Description Markup Language.

* A specialized XML-based language designed for describing the geometries of detectors for
physics experiments.

* Integrated into Geant4 since release 9.2

* Need to set GEANT4 USE GDML = 1 when compiling




Abbreviated GDML file structure

<?xml version="1.0" encoding="UTF-8"7?>
<gdml xsi:noNamespaceSchemaLocation="schema/gdml.xsd">
<define>

<position name="TrackerinWorldpos" unit="mm" x="0" y="0" z="100"/>
</define>
<materials>

<element name="Nitrogen" formula="N" 2Z="7.">
<atom value="14.01"/>
</element>
<material formula=" " name="Air" >
<D value="1.290" unit="mg/cm3"/>
<fraction n="0.7" ref="Nitrogen" />
<fraction n="0.3" ref="Oxygen" />
</material>
</materials>
<solids>

<box lunit="mm" name="Tracker" x="50" y="50" z="50"/>
</solids>
<structure>

<volume name="World" >
<materialref ref="Ajir" />
<solidref ref="world" />
<physvol>
<volumeref ref="Tracker" />
<positionref ref="TrackerinWorldpos"/>
<rotationref ref="TrackerinWorldrot"/>
</physvol>
</wvolume>
</structure>
<setup name="Default" version="1.0" >
<world ref="World" />
</setup>
</gdml>




FreeCAD - an Open Source CAD Application
freecad.org
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FreeCAD features, continued

GDML Workbench

GDML Workbench adds import/export of gdml files



FreeCAD features, continued
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™ Functionality of FreeCAD accessed through Workbenches:
Workbench: a set of tools + GUI grouped for a certain task.

-
mm

Base Workbenches: installed with FreeCAD and
maintained by them

External Workbenches: Developed by the community and
maintained outside FreeCAD

GDML: An external Workbench

Examples




External Workbenches Installed Via Tools—=Addon

Addon Manager

Manager

File Edit View Macro GDML Windows Help

Show Addons containing: | Workbenches ~ | Status: | Any

Edit parameters ...
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® -

FEM_FrontISTR Workbench w10 tags: soiver rem

Save picture... A FreeCAD addon that enables a parallel nonliner FEM solver FrontISTR.

Maintainer: FrontISTR-Commons <freecad_support@frontistr.org=

FEM bYGE M ¥1.2.0 Tags: spreadsheet, solver, FEM, FEA

Parametric Finite Element Analysis{FEM)

Scene inspector...

Combo View Dependency graph...

Project utility...
Model Task: ) b

Maintainer: Serdar T. Ince <serince@outlook.com:=
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Labels & Attributes Frame and beams workbench w7 tgs: beam, frame
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Application
Maintainer: looooo <sppedflyer@gmail.com=

FrEECAD-PCB v6.2023.0 Tags: eagle, electronics, pcb, kicad

Printed Circuit Board (PCB) Workbench for FreeCAD
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GDML workbench o0

An external workbench for creating GDML models for Geant4 and Root

Maintainer: Keith Sloan <keith@sloan-home.co.uk>
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Installed version: 2.0.0
Installed on: 9/9/23
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In this presentation we concentrate on going from FreeCAD to gdml/Geant4.

GDML
Workbench
export

FreeCAD gdml file Geant4 application
read

But one can also go from a Geant4 geometry to FreeCAD (see example GO01):

GDML
Workbench
open or import

Geant4 application gdml file FreeCAD
write



Creating a gdml file from scratch

1. Launch FreeCAD

2. Select GDML Workbench

FreeCAD 0.20.2

File Edit View Tools Macro Windows Help
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version 0.20 build 2
Fasteners
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GDML
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F

Application Recent files

2
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Gear
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Image

Inspection
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» Manipulator e
Mesh Design
<none>

OpenSCAD DE_3.step ACORDE_3.gdmil ACORDE_SUPPOR ACORDE_SUPPOR
AT4b T.gdmil T.step

Fart Design 504b 35Kh

Part

H@EoTeO

Path

# Points Tip: Adjust the number of recent files to be shown here in menu Edit -> Preferences -> General -> Size of recent file list
@ Pyramids-and-Polyhedrons

@ Raytracing

&F Reverse Engineering

Examples

£ Robot

9 sketcher

BE Spreadshest
o Start

% Surface

Ee TechDraw

Property Value

etail.FCStd PartDesignExample Schenkel.stp EngineBlock.FCStd FemCalculixCantile RobotExample.FCS FemCalculixCantile FemCalculixCantile

/‘ﬁ Test Framewaork .FCStd 5TEKD BB8KD ver3D.FCStd td verdD_newSolver.F ver2D.FCStd
-~ 39Kb 148Kb 194Kb CStd 116Kb
W Web 158Kb

You can configure a custom folder to display here in menu Edit -> Preferences -> Start -> Show additional folder



Creating a gdml file from scratch, continued

3. Create New document

O 4 FreeCAD 0.20.2 v O X

File Edit View Tools Macro GDML Windows

0 [ = : %5 GDML
@&

Combo View

Model ( DOCUMENTS ACTIVITY version 020 build 2~ £F

Descripti
M Elements Recent files
- B Materia

B air

M Geant4
~ 1 Glass

M G4_Pyre ss : 1.000

- P

™M G4_CESIUM_IODIDE : 1.000 Create new... bordersurf-test- tessellation.FCStd extrudeTester. FCSt extrudeAllShapes.F
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i Y

Tip: Adjust the number of recent files to be shown here in menu Edit -> Preferences -> General -> Size of recent file list

Examples

RINDEXLAR i@}

SCINTLAR

ABSLENGTHLAR

B

~ B sur

ooooororoobooD

RAYLEIGHLAR
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138Kb

Preferences -> Start -> Show additional folder

FemcCalculixCantile
ver2D.FCStd
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File Edit View Tools Macro GDML Windows Help
O B @ X Db B9 C & P
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Combo View

Model Tasks

Labels & Attributes Description
Application
~ @ Unnamed
»- B9 Constants
B variables
P Quantities
™ Isotopes
™ Elements
>~ M Materials
»- B Opticals
% worldvoL
#® GDMLBox_WorldBox

Property

View Data
Reportview Combo View R start page * F: unnamed:1*

Ppselected: Unnamed.worldVOL.GDMLBox_WorldBox.Edge12 (47.083157 mm, 50.000000 mm, 50.000000 mm) 0 cAap v 326.32 mmx 182.21 mm
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File Edit View Tools Macro GDML Windows Help
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Combo View

Model Tasks

Labels & Attributes Description
Application
~ @ Unnamed
»- B9 Constants
B variables
P Quantities
™ Isotopes
™ Elements
>~ M Materials
»- B Opticals
worldvoL

o | Pra-populated with an empty World Box

Property

View Data

Reportview Combo View R start page * F: unnamed:1*

0 cAD ~ 326.32 mmx 182.21 mm

" eselected: Unnamed.worldVOL.GDMLBox_WorldBox.Edge12 (47.083157 mm, 50.000000 mm, 50.000000 mm)
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File Edit View Tools Macro GDML Windows Help

D R B(x D ®|5ve v| @ e m
O @ €98 D IPEO DB X 2HMRECE GWBEHEHEEP - il d R & & s i - B

Combo View
Model Tasks

e e | Add GDML solid(s)

Application

»- B9 Constants
B variables
P Quantities
™ Isotopes
™ Elements

>~ B Materials

»- B Opticals

~ @ worldvOL
A

eoueeo | Pra-populated with an empty World Box

Property

View Data

Reportview Combo View Fe Start page = R unnamed:1* x

Preselected: Unnamed.worldVOL.GDMLBox_WorldBox.Edge12 (47.083157 mm, 50.000000 mm, 50.000000 mm) 0 cAap v 326.32 mmx 182.21 mm
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File Edit Wiew Tools Macre GDML Windows Help
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Combo View

Model Tasks

Labels & Attributes Description
Application
@ Unnamed
™ Constants
™ variables
™ Quantities
™ Isotopes
™ Elements
™ Materials
™ oOpticals
% worldvoL
2
& GDMLBox_WorldBox
LV_Sphere
/

GDMLSphere

Property Value
Base
»- Placement [{0.00 0.00 1.00); 0.00 =; (0.00 mm 0.00 mm 0.00 ...
Label GDMLSphere

aunit rad
deltaphi 2.02
deltatheta 2.02

lunit mm

material G4_A-150_TISSUE
rmax 20.00

rmin 10.00

startphi 0.00

starttheta | 0.00

View Data

Report view Combo View R start page F: unnamed: 1+

Preselected: Unnamed.worldVOL.LY_Sphere. GDMLSphere.Face1 (3.670696 mm, 0.686103 mm, 19.606621 mm) () caD  ~ 310.19 mmx 173.21 mm
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Combo View

Model Tasks

Labels & Attributes Description
Application
~ |@ Unnamed
M Constants
M Variables
P Quantities
P Isotopes
M Elements
>~ B Materials
- 1 Opticals
» worldvoL
5 )
& GDMLBox_WorldBox
LV_Sphere
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GDMLSphere

Property Value

Base

»- Placement | [(0.00 0.00 1.00); 0.00 ©; (0.00 mm 0.00 mm 0.00 ...
Label GDMLSphere

GDMLSphere
aunit rad
deltaphi 2.02
deltatheta 2.02

lunit mm

material | G4_A-150_TISSUE DefaUIt properties Can be edlted

rmax 20.00
rmin 10.00
startphi 0.00
starttheta | 0.00

View Data

Reportview Combo View R start page R unnamed: 1+

Pregelected: Unnamed.worldVOL.LY_Sphere.GDMLSphere.Face1 (2.670696 mm, 0.686103 mm, 19.606621 mm) 0 caD v~ 310,19 mmx 173.21 mm
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Combo View

Model Tasks

Labels & Attributes Description
Application
~ |@ Unnamed
»- M Constants
B9 WVariables
P Quantities
P Isotopes
B Elements
»- ™ Materials
»- M Opticals
~ @ worldvoL

; This tree element in the

& GDMLBox_WorldBox

document exports to:

> A

a) a <solid
b) a <volume
propery vl C) a <physvol

Base

»- Placement | [(0.00 0.00 1.00); 0.00 ©; (0.00 mm 0.00 mm 0.00 ...
Label GDMLSphere

GDMLSphere
aunit rad
deltaphi 2.02
deltatheta 2.02

lunit mm

material G4_A-150_TISSUE
rmax 20.00

rmin 10.00

Default properties can be edited

startphi 0.00
starttheta | 0.00

View Data

Reportview Combo View R start page s unnamed:1* x

Prelected: Unnamed.worldVOL.LV_Sphere. GDMLSphere.Face1 (2.670696 mm, 0.686103 mm, 19.606621 mm) 0 cap v~ 31019 mmx 173.21 mm
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File Edit View Tools Macro GDML Windows Help

(2 = h B » C & &? %5 GDML om  »

Combo View

Model Tasks e
sy ¥
Labels & Attributes Description m'F

™ wvariables
B Quantities
M Isotopes
B Elements
- P Materials
- 1 Geant4
B G4lsotopes
>~ B G4Elements
» P G4Materials
> B wIsT
>~ 1 Element
>~ B3 HEP
> B Space
»- B BioChemical
»- B Opticals
» worldvoL
-}
¥ GDMLBox_WorldBox

Property Value
Base
>~ Placement [(0.00 0.00 1.00); 0.00 °; (0.00 mm 0.00 mm 0.00 ...
Label GDMLSphere
aunit rad
deltaphi 2.02
deltatheta

lunit

material (

rmax :G4_A-1 50_TISSUE

rrmin G4_ACETONE

startphi G4_ACETYLENE

starttheta § =4 ADENINE
G4_ADIPOSE_TISSUE_ICRP
G4_AIR
G4_ALANINE
G4_ALUMINUM_OXIDE
G4_AMBER
G4_AMMONIA

1) From drop list in ‘material’ property

View Data

REpEN view Combo View ﬁ- Start page F} Unnamed : 1*
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File Edit View Tools Macro GDML Windows Help
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Combo View

Model Tas ——

A
Labels & Attributes G4_SODIUM_CARBOMATE ' F
P Variables G4_SODIUM_IODIDE m'
A G4_SODIUM_MONOXIDE . . . y -
S e 2) Using ‘set material’ icon.
- G4_SODIUM_IODIDE
P Elements G4_SODIUM_MOMNOXIDE
- M Materials
i Allows incremental search
>~ B G4Elements

~ M1 G4Materials
>~ B NIST

Allows adding material
property to non-GDML
BioChemical SO I i d S .

< @ worldvoL
b )
¥ GDMLBox_WorldBox

Element

HEP

»- M Opticals

Property Value

Base

7~ Placement | [(0.00 0.00 1.00); 0.00 =; (0.00 mm 0.00 mm 0.00...
Label GDMLSphere

aunit rad

deltaphi 2.02

deltatheta 2.02

lunit mm

material G4_A-150_TISSUE
rmax 20.00

rrmin 10.00

startphi 0.00

starttheta | 0.00

View Data

Reportview Combo View ﬁ- Start page F} Unnamed : 1% X

EI CAD » 31009 mm x 173.27 mn

B(E B & i grpn Konsole ® GoogleChrome & JPL_Workshop.. s, *[Addon-mana.. [ LibreOfficeCalc [B] GDML_Workbe.. (& exportGDML.p... 4 FreeCAD Q‘Iﬂi A ,glz Googl... fgiking QA m@@ B co @ co ¥ & ‘ Cano®e R E 5 A 11??955'?1
+

+ +
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File Edit View Tools Macro

DRE S X
D9 @ €98 A - DO IIPH S 2MEE-
& X

Combo View

Model

Tasks

GDML Windows Help

b ® |5 v C v o K % GDML w oE »

B

Labels & Attributes

ents

P— -
- P Materials
v B Geant4
M Galsctopes

»- 1 G4Elements

~- M G4Materials

- 1 NIST

> B G4_A-150_TISSUE

> B G4_ACETONE

> B G4_ACETYLENE

> B G4_ADENINE

> P71 G4_ADIPOSE_TISSUE_ICRP
> B G4 AR

> B G4_ALANINE

> P G4_ALUMINUNM_OXIDE

> B G4_AMBER

> B G4_AMMONIA

> B G4_ANILINE

> B G4_ANTHRACENE

»- P31 G4_B-100_BOME

> B G4_BAKELITE

> P G4_BARIUM_FLUORIDE

> P G4_BARIUM_SULFATE

> B G4_BENZEME

> P9 G4_BERYLLIUM_OXIDE

> B G4 BGO

>~ B G4_BLOOD_ICRP

> P71 G4_BONE_COMPACT_ICRU
> P71 G4_BONE_CORTICAL_ICRP
>~ B G4_BOROMN_CARBIDE

View

Reportview Combo View

Value

Data

Preselected: Unnamed.worldVOL.GDMLBox_WorldBox.Edge12 (35.622536 mm, 50.000000 mm, 50.000000 mm)

FreeCAD 0.20.2

Materials

WHWEHHEP -V X FIPOCINASSIONE B ©CO@ BoH WA Y- R{@E

* When a new document is created, a file supplied with the GDML
Workbench (Geant4Materials.xml) is loaded. This file contains the
Geant4 and NIST list of materials. The materials are displayed as a
group with subgroups in the FreeCAD document.

e At present new materials cannot be defined from within the GDML
Workbench

 New materials can be added directly to the supplied
Geant4Materials.xml file, or read by opening or importing a user
supplied gdml file.

* Opening a gdml file creates a new document; importing it adds Its
contents to the currently open document

ﬁ- Start page = ﬁ Unname d:1* X

0 cap  ~ 310,19 mm x 173.21 mm
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O[3 @ X O & 9 v ¢ v [t *? %% GDML o H »
D20 @ €98 Q- PO FFH & 9B GBEHHEP- v 90 X000 NMARSEME-FH|lO® O d v 0% % A % - [ ¢

Combo View

Model Tasks

Labels & Attributes Description
Application

" Can add booleans (Cuts, Intersections, Unions)

>~ B Constants

of inserted solids: select two solids then select
SR the operation using the icons above.

B Elements
- 1 Materials
»- P Geantd
»- M Opticals
- & worldvoL
?- = Orig
 GDMLBox_WorldBox
~ @& Bool_Cut
¥ =
v- &) Cut
§ GDMLBox_Box
& GDMLTube

Property Value

View Data

Reportview Combo View R start page * R booleans:1 x

2 2 0 caD v~ 310,19 mmx 173.21 mm




Export the document to gdmil:
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O [ = | X4 C %5 GDML " | >

0 o | POTOIHIIH S oEMER-
o Y b BF W 2 DX I ® O ANMAE S G M.

Combo View

Model Tasks

Labels & Attributes Description
Application
-~ |@ booleans
»- B9 Constants

M Wariables

B Quantities

M 1sotopes

™ Elements

- P Materials

[ B 1) Select the worldVOL

#® GDMLBox_WaorldBox

>~ | @ extrudeAllShapes

>~ |@ extrudeTester

Property Value

Display Optio...

Display M... Group

Show In T... true
Visibility true

On Top W... Disabled

Selection ... Shape

View Data

Reportview Combo View ﬁ- Start page F} booleans: 1 ﬁ- extrudeAllShapes: 1% ﬁ extrudeTester: 1

2 3 Preselected: Unnamed.worldVOL.Bool_Cut.Cut.Face3 (-23.047634 mm, -10.149405 mm, 25.000000 mm) 0 cAaD 323.04 mm x 173.21 mm
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FIE8 Edit  View Tools Macre GDML  Windows Help

New Ctrl+N ¢ - ) o B

Open... Ctrl+0

Close Ctri+w -VQV® E@g g@@\ @-B@V
CIRIPOCINANE & @M i A I I I S

1 Save Ctrl+S
7 Save As.. Ctrl+Shift+S
| Save a Copy...

Save All -
ription

Revert

o e | 2) File — Export...

Project information...

Print... Ctrl+P
! Print preview...

| Export PDF...
Recent files
=1 Exit Cerl+Q -

® GDMLBox_WorldBox

Bool_Cut

>~ @ extrudeAllShapes

>~ |@ extrudeTester

Property Value
Display M... | Group
Show In T... |true
Visibility true
selection |
On Top W... Disabled

Selection ... Shape

View Data

ﬁ- extrudeAllShapes : 1% ﬁ extrudeTester : 1

(z\riew Combo View ﬁ Start page F} booleans : 1

EXport an object in the active document 0 cap  ~ 323.04 mmx 173.21 mm



* Export file oA X

Places =
. O | 88 5 [
t Home

£ Root P rhomeshindifgeant/KeithSloan/PL_Warkshop/
™ Music

] Desktop
[ Documents /> mymaterials.gdml 887 B 11/9/23 2:29 PM
£ Downloads /> extrudeAllShapes-worldvOL.gdml 8.7KiB 11/9/23 4:35 PM

Mame Size Date

Ed Pictures

H videos

™ FreeCadDrawings

Devices

root

£ 2TB

{2 100.0 GiB Internal Drive (sdc10)
{2 500.0 MiB Internal Drive (sdc6)
= os

{2 500.0 MiB Internal Drive (sdc7)
B home

{2 760.0 GiB Internal Drive (sdc9)

MName: | [Z] booleans-worldvOL.gdml

3) Export as GDML

|2| Automatically select filename extension (.gdml)

| B save | & Cancel

Export gdml - Single file with gdml definitions
Export GDML - directory with gdml sections as includes



load_gdml_color

Can view the exported file using SEAB+O2a 00w do@o0
the load gdml application Scene tree, Help, History © % | Usefultips X | viewer-0 (OpenGLImmediateQt)
provided with Geant4 in
examples/persistency/gdml/GO1

Scene tree Help History
Search :

Command

»- control

2 units

We export the FreeCAD color
of solids by adding an

- material

» particle

<auxiliary auxtype="Color'"> e
tag to eaCh Of the <VO1umeS> in >~ tracking

>~ event
the gdml ﬁle. icuts
2~ random

?- process

We have a modified version of | | ...c .-

> gps

load_gdml, load _gdml color | hepest
that processes that auxiliary

2 WIS

tag. We can add the modified | >«
file to the github if there is
Interest.

Owerall wvolume of

G4ASCIITreeScenceHandler: :EndModeling

vaisfvieverfupdﬂte viewer—1

Beverting to viewer-0 (OpenGLImmediate(Qt)

# Adjust trajectory colors
Ifvisfnndellngftrﬂjectoriesfcreatefdrawﬂy?articlelﬂ myModel

Session :




Adding non-GDML solids to the GDML document

1. Extrusions

In the

ICON In

L
(@)
=
(D)
'
7))
=
(D)
c
(D)
L
)
c
@)
-
O
@)
)

FreeCAD 0.20.2

+

GDML Workbench

Help

WS

Sketch ~ Windc

Macro

ools

View T

Edit

File

B8 - IO OFH

Fl—4L3dy=XQ 8HI 0

Combo View

b) create a closed sketch

c) close the sketch

|| Auto remove redundants

Under constrained: 43 DoF(s)

Auto update

10.00 mm

|w| Show grid

Grid snap

etry

traints

n Geom

s

|| Avoid redundant auto constraints
Normal Geometry
Constructic

Rendering order (global):

[w] Auto con

o

Select Multiple

Restrict Visibility

sted

Hide Li

Show Listed

v @ constraintl

Constraint2

*

*
o

[v]

Constraint3

-

*
o

=~

[v] & constrainta

1.} 1-Parabolic Arc
5& 5-Elliptical Arc

[¥] @ constraints
|v| @ constraints
|w| @ constraint7
X 2-Point

B extrudeTester : 1

hapes: 1%

<!

F} extrudeAll
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Combo View

Model Tasks

(owcarrtum omeen || d) Select the sketch and extrude it to the desired height

Application

> |@ booleans

~ |@ extrudeAllShapes
»- ™ Constants
™ variables
P Quantities
™ Isotopes
™ Elements
> P Materials
~ @ worldvoL
p

- @ Part
> A ;
~ dy Extrude
g Sketc

> |@ extrudeTester

Property

View Data

Report view Combo View R start page B+ booleans:1 = e extrudeAllShapes: 1% X R extrudeTester:1 x

Pr Iected: extrudeAllShapes.worldVOL.Part.Extrude.Face7 (6.262151 mm, -0.333306 mm, 4.526248 mm) ) cAD ~ 162.04 mm x 90.48 mm
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Combo View

Model Tasks

(owcarrtum omeen || d) Select the sketch and extrude it to the desired height

Application
> |@ booleans
~ |@ extrudeAllShapes
»- ™ Constants
™ variables
P Quantities
™ Isotopes
™ Elements
> P Materials
~ @ worldvoL

e) Add a Part to the worldVOL tree

~ dy Extrude
g Sketc

> |@ extrudeTester

Property

View Data

Report view Combo View R start page B+ booleans:1 = e extrudeAllShapes: 1% X R extrudeTester:1 x

Bresglected: extrudeAllShapes.worldVOL.Part.Extrude.Face7 (6.262151 mm, -0.333306 mm, 4.526248 mm) ) cAD ~ 162.04 mm x 90.48 mm
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Combo View

Model Tasks

v o || d) Select the sketch and extrude it to the desired height

Application
> |@ booleans
~ |@ extrudeAllShapes
»- ™ Constants
™ variables
P Quantities
™ Isotopes
™ Elements
> P Materials
~ @ worldvoL

e) Add a Part to the worldVOL tree
|

f) Drag the Extrusion under the added Part

~ dy Extrude

> |@ extrudeTester

Property Value

View Data

Report view Combo View ﬁ- Start page = ﬁ booleans:1 ﬁ extrudeAllShapes : 1% = ﬁ- extrudeTester: 1 =

Bresglected: extrudeAllShapes.worldVOL.Part.Extrude.Face7 (6.262151 mm, -0.3333206 mm), 4.526248 mm) ) cAD ~ 162.04 mm x 90.48 mm



Adding non-GDML solids to the GDML document
1. Extrusions

To the extent possible, extrusions are exported as booleans of GDML solids (Circles — Tubes,

Polygons — Xtru, Ellipses — ElTube, ...). We believe this produces faster Geant4 simulations than
conversion to a Tessellation:

With 10° geantinos:

extrusions: 7.25 s
tesselation: 17.35 s
(Factor of 2.4 faster with
booleans)




Adding non-GDML solids to the GDML document
2. Revolve

Surfaces of revolution added b
creating curve(s) in Sketcher,

and then using the revolve command{’dy

Revolves are exported as gdml

)

gene 1cPo one
‘ View of exported gdml file

containing a Revolved sketch,
using load gdml color




Adding non-GDML solids to the GDML document

3. Arrays
a. Orthogonal Arrays

Orthogonal arrays are added by selecting

the object and executing the orthogonal View of exported gdml file containing an
array command orthogonal (rectangular) array, using

: load_gdml color
Note: Arrays of solids are exported as a

single multiunion solid and will all have
the same material




Adding non-GDML solids to the GDML document

3. Arrays
b. Polar Arrays

Polar arrays are added by selecting the View of exported gdml file containing a

object and executing the polar array polar array, using load gdml color
command




Adding non-GDML solids to the GDML document

3. Arrays
c. Arrays of objects distributed along a path

Path arrays are added by selecting the View of exported gdml file containing a path
object, a curve (path) in 3D and executing array, using load gdml color
the path array command .




Adding non-GDML solids to the GDML document

3. Arrays
e. Arrays of arrays

Any object that can be exported to

GDML by the Workbench can serve as View of the exported gdml file containing an
the base of an array. Below shows an orthogonal array of a polar array, using
orthogonal array of a polar array of a load gdml color

Cut of two solids in FreeCAD.

o0 @@
@@ @@

O o
e So
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Adding non-GDML solids to the GDML document

Any solid can be exported to a gdml file by meshing it then tessellating the mesh

Example:
Part Workbench can create a Can convert the sweep shape View of exported gdml file
solid by sweeping one sketch to to a tessellated solid using containing a tessellation, using
another along a path. GDML the Part to Mesh command load gdml color
Workbench currently cannot 9 g
a

export a sweep.

e




Labels & Attributes Descripti

" ~ B LYso ! ©
O ptl C a I S S u p p O rt 1 G4_CESIUM_IODIDE : 1.000 7.75929%eV
»- P Geantd : 7.76444%ay
P Opticals 7.7696%eV
~ P Matrix B 777477 %eV
B sy _ 7.77994%eV
RS 78512%¢
* With GDML workbench activated, open new file rc ——
STC e
* Creates GDML file structure Rv1 Z;:
RY2 .B006O*e
. MatriX B fﬁ | 2 7.8059%eV
EH SCINTLAR 7.81111%eV
EH RINDEXLAR
: S u rfa Ces EH ABSLEMGTHLAR ’ rE163TeY
: : EEH RAYLEIGHLAR 7821567V
* Import matrix.xml file see example B REFLECTIVITY 5 782679%V
freecad/gdml/Resources/matrix.xml B EFFICIENCY £ i
EH AIrRINDEX 7.83728%eV
* Matrix is a number of FreeCAD spreadsheets | 5 e I
. . . . o N 7.8478%eV
within the Opticals/Matrix Group - 4
#® GDMLBox WorldBox
. . 7.85834%eV
* Import optical.xml file see example —
freecad/gdml/Resources/optical.xml oy S E—
e s expand - 7.87421%eV
* Definition of a number of surfaces name S Ep—

specific

7.B8483%eV

ABSLEMGTH ABSLEMNGTHLAR g 7.89015%eV
FASTCOMPONENT SCINTLAR

* lcons/Commands
s Set S ki n S u rfa Ce FASTTIMECOMSTAMNT FTC
RAYLEIGH RAYLEIGHLAR .
° Set B O rd e r S u rfa C e . REEMISSIOMNPROB SCIMTLAR E 7.90615%eV

RESOLUTIONSCALE RS 7.91149%aV
RINDEX RINDEXLAR

SCINTILLATIONYIELD  5Y

SLOWCOMPOMNENT SCINTLAR 34 7.92221%eV
SLOWTIMECONSTANT | STC 5 7.02758%eV
YIELDRATIO YR

7.89547%ay

7.90081%eV

7.91685%eV

7.93296%eV
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Other Information

* Information on the GDML workbench can be found on Keith’s github page:
https://github.com/KeithSloan/GDML

* Installation - see README in github
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Command line scripts

User defined materials in FreeCAD
User-defined materials can be imported into the Workbench, but not defined in it

GUI creation of more solids

Although all solids defined under GDML are implemented, the lesser common ones do not have
corresponding commands/icons to create them in the GDML Workbench. Currently can import all
solids, so one without an icon can be imported into a document from a gdml file

Check for overlapping solids in FreeCAD itself
Closer match between exported and imported GDML files

Need Help! Both Keith and | are in our early 70's and probably cannot continue to
maintain the project far into the future. Would like to get younger people who are
competent in python involved in the project with a view to eventually taking over the
maintenance. We would be willing to mentor anyone who is interested!



Thanks

* Jim Austin (icon designs
* Emmanuel Delage, Wouter Deconnick, Louis Helary

* Damian Lambert, Paulo Dondero, Ami Hashemi
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File Edit View Tools Ma
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Combo View

Model Tasks

Labels & Attributes
Application
~ i@ doc-tree-example
»- M Constants
B9 Variables
P Quantities
M Isotopes
™ Elements
»- M Materials
> B Opticals
2 worldvOoL

- € MotherVolume
>}
& GDMLBox Box
>~ @ DaughterVol_1

@ GDMLEITubeD01
& GDMLSphere001

Froperty

View Data

R view Combo View

Valid, Internal name: Constants

Description

Fe startpage =

Correspondence between FreeCAD document structure and
GDML document structure

Q- D PITH IEE S 2EHERY GWBEHHEP - » G PRXRIPOOINE S G M

<volume name="DaughterVol_1">
<volume name="DaughterVol 2">

<volume name="MotherVolume">
<materialref ref="G4 A-150_TISSUE"/>
<solidref ref="Box"/>
<physvol name="PV-DaughterVol 1">
<volumeref ref="DaughterVol 1"/>
...(position+rotation)
<physvol name="PV-DaughterVol 2">
<volumeref ref="DaughterVol_2"/>
...(position+rotation)
</volume>

<volume name="V-GDMLE1Tube001">
<volume name="V-GDMLSphere001">

<assembly name="Assembly">
<physvol name="PV-GDMLE1Tube001">
<volumeref ref="V-GDMLE1Tube001"/>
...(position+rotation)
<physvol name="PV-GDMLSphere001">
<volumeref ref="V-GDMLSphere001"/>
...(position+rotation)
</assembly>

Fs doc-tree-example:1 x

O %X A X-EXE

v 263.44 mm x 141.81 mm



Adding non-GDML solids to the GDML document

3. Arrays
d. Arrays of objects placed at arbitrary points

Point arrays are added by selecting the
object, a set of points in 3D and View of exported gdml file containing a

executing the point array command g point array, using load_gdml color
Points can be entered in a variety of
ways, including using the Points

Workbench to read a variety of file
formats.

°o*
o @




Adding non-GDML solids to the GDML document

4. Mirrored object

Mirrored objects are added by View of exported gdml file containing a path
selecting the object, a reflection plane array, using load gdml color
and executing the mirror command.

0




GDML Workbench History

* CAD-GDML - Meeting at SLAC Sept 2011
* C++ Workbench started by Emmanuel Delage
* Initial Workbench FreeCAD Python GDML
* Geant4 python library which at the time was still under development
* Now GitHub retired / archived

* GDML workbench - Created and maintained by Keith Sloan
anltpsa/gitD comikeltnnioan/CDML .
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