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Obijective

e Manufacture Plastic Scintillator cells to prototype Calorimeter insert
e Ultimately construct Calorimeter Insert using lab-manufactured Scintillator
cells



Prover 3018 V2 Desktop CNC

e Dimensions:
- 290mm x 180mm x 40mm

e Affordable
- Accessible

e Designed for Hobbyists
- Relatively Straightforward




Prototype Calorimeter

Made and Assembled
by the Arratia Group!

e PCBS designed
and Soldered in
lab

e Scintillators from
repurposed
material -
Polished in lab.




Scintillator Cells

Current Dimensions:

- Long Diameter ~ 34mm
- Thickness ~ 3.5mm
- Dimple Diameter ~ 9mm

Future Cell Variations:

- Different cell sizes
- Different dimple geometries and
sizes




General Process

CNC Machine
Software

Cutting

Model Design: Manufacturing: Controls CNC:
e Dimensions of e Defines how the e Takes ncfile
desired piece model is cut from CAD -
Softwares: e Specify milling Interprets
e Fusion 360 bit, cut process, G-code
e Solidworks stock material Softwares:
e Sketchup Softwares: e Candle
e MasterCAM
e Fusion 360

Milling Bits:
e Bitsize
e Flute Number
e Bittype

Material Fixing:
e Vacuum fixed

e clamped
Coolant:

e Water
e air



CAD - Fusion 360

B Autodesk Fusion 360 (Education License)

W HEXTEST2v1 & B P
SURFACE MESH SHEET METAL PLASTIC UTLTES = - ® unsited:
soLD SURFACE MESH SHEET METAL pLASTIC uTLTES
peon ® ¥ BOouPESHmn W = E -
P+ = — ® ¥ #OUPSEBH = E
AUTOUATE » WoDFY + ASSEMBLE® | CONSTRUCT® | NSPECT®  WSERT® | SELECT® =
AUTOMATE ¥ MODFY * ASSEWBLE™ | CONSTRUCT® | WNSPECT™ = NSERT™ = SELECT~
‘«« BROWSER el
<« BROWSER ol
4 o [EETE ©
PRA@ (unsavea) [O]

D %% Document Settings

D £ Document Settngs
D il NamedViews

D i NamedViews
D & M orign

D © @ orgn
D © il Bodes

D © il sodes

© Ml Steiches

b D © i@l siihes

$-EYTQA- S EHB

COMMENTS ol




FaB (e P HEXTEST2 vt x +ﬂ® A Q@ -

MILLING TURNING ADDTIVE INSPECTION FABRICATION UTLTES @ untitied*

MANUFACTURE ~ < D = e 2 (x) S R I K —
pH®#ec SHes &2 L R2P24HE HWERE = N SHes &2 @ i@ R E

30~ DRLLNG ¥ MULTLAXIS ¥ MODFY ¥ ACTIONS ~ MANAGE ~

w FABRICATION UTLTES

e« BROWSER ol
4 © (b HexTEsT2Zvt
B e
D Wl NamedViews
D © (b Modes
4 © B, 555,
iz setup2 [O]

D ® @ € 220 Contourt




CNC Control Software - Candle

G-code program

[MSG:Check Limits]
F/S:0/0

Pz

X: -84.786 ... 16.713
Y:-20.025 ... 20.024

- -
w
L] .
KA
'3

00:00:21 / 00:01:16
Buffer:0/0/0

Z:0.000 ... 6.000 Vertices: 1383
101.499 / 40.049 / 6.000 FPS: 62
# Command State Response
1 (3hextestS) Processed ok !
2 (T1 D=3.175 CR=0 - ZMIN=0 - flat e... Processed ok
3 690 Go4 Processed ok
4 G17 Processed ok
5 G21 Processed ok
6 628.G9120 Processed ok
7 690 Processed ok
8 (2D Contour2) Processed ok
a 1 o a "

(0 Check mode () Autoscroll

Open Reset Send Pause Abort

State
Work coordinates:

168.911  52.601  2.297
Machine coordnates:

168.911  52.601 2.297

— Overriding

Feed rate: 119%
_——
Rapid speed: 50%
—_
Spindle speed: 105%

Step: Continuously v
Feed: 1000 8
Console

a 9



A little on G-code

A programming language designed for
controlling CNCs (used also in 3d printing)

A series of commands from 0 to 99

Softwares built with GRBL firmware do not
recognize all of these commands

G-Code Reference List

G Code Function

/600 |Positoning at apid travel; |
(02 _|Grcular merpolation dociwise; |
o8
(020 |mporalunits; |
c27
(251" |Move o aletion righisference poit|

m Thread cutting operation on a Lathe;
G40__|Cancel cutter compensation; |
Em Cutter compensation right;

(G TR
G50 [WammRPw (e |
(G2 i i tse i
o5 [setomumi |

G Code Function

|G58 [Set Datum;
G70 Finish cycle (Lathe);
G72 Rough facing cycle (Lathe);

G74 Left hand tapping (Mill);

OD groove pecking cycle (Lathe);
G76 Screw cutting cycle (Lathe);
G81__[Drill cycle;

o83 |peckarllingeyder, |
e
G| e T
(G52 [ Sorew thead cuting cycle (Lathe) |
(G95 [Porrovouton et |

G97 Constant surface speed cancel;

Feed per revolution (Lathe);

GCodeTutor.com

10



Milling Bits

e Different Bit types for different cuts:
- Edge Cuts: 2-flute Flat End

- Dimple: Ball End

e Chip Evacuation and Heating:

- Flute number

1



Cutting Setup

Vacuum Setup:

e Specialized Vacuum Chuck

- Holds ~ 10cm”2 stock material
e Vacuum Table

e Small Vacuum
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Cutting Tests

Main issues:

e \Vacuum Breaks When Water
Coolant is applied

e Heating

e Poor Defined CAM Height
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Summary

Fusion 360 for CAD and CAM
Candle for CNC machine control
Ys” 2 flute bit for edge cuts

Ball end mill bit

Future Goals

e Design and manufacture multiple variations of scintillator cells for testing
e Manufacture Scintillators for Calorimeter Inserts
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