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X-band Laboratory for Accelerators 

and Beams (X-LAB)

 A new laboratory is under commission at the 

University of Melbourne (UoM)

 First high-power, high-frequency 

accelerator laboratory in the South 

Hemisphere.

 Testing high gradient structure prototype 

and RF components for CLIC
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 Ultra-precision manufacturing 

 Design and develop more widely available high quality x-ray sources 

 This project will provide local researchers and students with an opportunity to 

make significant advances in accelerator design

 Excellent potential for applications in medical radiation therapy and beyond 

½ XBOX3 => Mel-BOX 



Long Journey 
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CERN

Melbourne

On 16 September 2020, a container filled with half of a 
CERN high-gradient test facility left CERN’s Meyrin site 
to embark on a two-month sea journey to the other side 
of the world.



Melbourne bunker evolution
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Melbourne bunker evolution
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 Previously (1970) used for 

35 MeV betatron

 ~80m2: Space for x-band 

linac and medical 

applications 



Melbourne bunker today
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Melbourne bunker today
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Mel-Box installation
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Bunker 

Modulators/

klystrons

B
e

a
m

 L
in

e

Control room
Not refurbished 

yet. Jan23Pelletron
& 

1-4 MeV proton 
(beamline test 

area)

Basement Lab: The “X-Lab”

Dark Matter Lab &
Clean Room 

Control room~ 60m2 Bunker ~ 50m2        Beam Line ~25m2

80cm thick

new wall



Low Conductivity Water
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 Each Modulator unit needs

 Flow: 80-135 l/min. Limited by water pressure max 10 bar.

 Pressure drop: ~4 bar at 80 l/min

 Water temperature : 10-40C0 (non-condensing) 

 Temperature interlocks 

 Humidity control to prevent dew point 

 Insulated water pipes   



Power Distribution Units
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UPS system
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UPS system will support the rack 

equipment and modulators’ single-phase 

supply (i.e. for the controls) only. 

With the estimation of 6kW (i.e. 4A for 

each Modulator and 10A for each Rack), 

we propose an 8kVA UPS (APC, 

SMART UPS) which can sustain more 

than 15min. operation



Layout of the test stands at X-LAB 
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~1m

~1.5m

~0.5m

The WG system will be a few 

meter shorter than the CERN 

one.

We expect more power!

1m of WG => 0.1dB (2.3%)



What it is different ? 

 We add an extra RF window to each Modulator unit

 Compact window with travelling wave in ceramic with 
higher RF power capacity than in existing device.  

Mod/kly

Kly/RF Window

New Design

RF Window

NEXTorr

Neg/Ion pump

WG to the structures



Safety, Interlocks and control Algorithms 
 Main personal safety issue is X-ray radiation during operation. 

 Interlocks on the bunker door and klystron/modulator access doors 

 Stop modulator pulsing if opened. 

 Modulator interlocked is radiation levels are too high inside or outside of 

the bunker. 

 Installation of fortress e-stop (limiting switch) – for emergency egress (in 

case lock is engaged with someone inside)
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Housing Materials Body DM  Die-cast zinc body with pearl bronze

	 plated	fini sh

Housing Materials Body DMS  Full stainless steel to S316

Head Full stainless steel to S316    

Internals  Full stainless steel

Lock Mechanism DM  Die-cast zinc body with stainless operating    

                                                              mechanism (selected separately)

Lock Mechanism DMS  Full stainless steel to S316 (selected 

                                                              separately)  

Key Stainless steel to S316 (selected 

                                                              separately)  

DMS1 stainless steel mechanical lock module, suitable for use in all Ex 

hazardous areas. This product is completely benign and does not require 

power	or	generate	any	heat.	All	materials	have	been	fully	tested	and	confime d 	

as non-sparking on impact. 

DM1» Single Door Interlock

Power and Control Isolation

Single Door Interlock

• No product handing issues:  

  4 head rotation angles with an adjustment of 360° at 

	90°	increments	with	+/-5°	fine 	adjustment

  Two actuator entry points 

• All DM locks have stainless steel heads

• Tamper resistant head mechanism

• Choice of actuator

mGard range

mGard is the ultimate range of robust mechanical trapped key products. 

Trapped key technology offers purely mechanical access locks (removing the 

need for expensive wiring). mGard offers an extensive variety of modular 

interlocking solutions. Suitable for use in applications up to SIL3 (EN/IEC 

62061),Category 4 and PLe (EN/ISO 13849-1), mGard is ideal for use in harsh 

environments and is tested to 1,000,000 operations.

Technical Specific

a

t ion

Article Codes

Nº of Locks      Part Nº                    

1     DM1
     
Nº of Locks  (Full Stainless Steel)    Part Nº                    

1     DMS1 

Lock Type                 

Key	and	lock	types	must	be	specifie

d

	separately	 	 	

Actuator Type

Actuator	type	must	be	specified 	separately

Key Exchange

Door Locks and Actuators

Datasheet

DM1, DMS1   Single Door Interlock

Dimensional Drawing

DMS1

Safety Data

Standards ISO EN14119:2013

EN13849-1:2008

EN13849-2:2012

EN62061:2005

Certific

a

t ions CE marked for all 

applicable directives

Category Cat. 4, PLe (EN/ISO 13849-1) 

and SIL3 (EN/IEC 62061)

Functional 

safety data

B10d 5,000,000

Fortress Interlocks Ltd, 2 Inverclyde Drive, W olverhampton, WV4 6FB, United Kingdom, Tel: +441902349000, W eb: www.fortressinterlocks.com 3rd February 2015

Mounting Plate Zinc Plated Mild Steel

Lock Mechanism Die-cast zinc body with stainless steel

 operating mechanism (selected separately)

Key         Stainless steel (selected separately)

Minimum Operating Current        5mA at 20v 

  

 S» Key Switch (back of board)Power and Control Isolation

Key Switch (back of board)

The S unit is suitable for isolation or switching current 

and may be used to isolate power to machinery .

 

• Direct drive operation - positively opens contacts   

• The standard sequence is: Key trapped - Power on,

   Key free - Power off (other sequences can be specifie

d

)

• Special switch ratings and/or contact arrangements

   available on request

mGard range

mGard is the ultimate range of robust mechanical trapped key products. 

Trapped key technology offers purely mechanical access locks (removing the 

need for expensive wiring). mGard offers an extensive variety of modular 

interlocking solutions. Suitable for use in applications up to SIL3 (EN/IEC 

62061),Category 4 and PLe (EN/ISO 13849-1), mGard is ideal for use in harsh 

environments and is tested to 1,000,000 operations.

Technical Specific

a

t ion

Article Codes

Mounting      Part Nº                    

Back of Board    S
     
Lock Type                 

Key and lock types must be specifie

d

 separ at el y 

Switch Current    Part Nº                    

20A     A020

32A     A032

63A     A063

Switch Contacts     Part Nº                    

4NO/0NC     40

2NO/2NC     22

Key Exchange

Door Locks and Actuators

Datasheet

S   Key Switch (back of board)

Dimensional Drawing

BMS

Safety Data

Standards EN60947-3:2009 

ISO EN14119:2013

EN13849-1:2008

EN13849-2:2012

EN62061:2005

Certific

a

t ions CE marked for all 

applicable directives

Category Cat. 4, PLe (EN/ISO 13849-1) and 

SIL3 (EN/IEC 62061)

Functional 

safety data

B10d 5,000,000

DC High 99% (with correct 

monitoring)

Fortress Interlocks Ltd, 2 Inverclyde Drive, W olverhampton, WV4 6FB, United Kingdom, Tel: +441902349000, W eb: www.fortressinterlocks.com 23rd April 2018
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Wiring Diagram - Key Free
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Standard Mounting Panel  40mm, 85 mm, 100 mm, 105 mm, 

  150 mm, 155, 230 mm (other sizes on 

  request)                                        

IR Shaft Components                         Stainless steel

Housing ST/57

Switch Rating 5A / 300V

Housing Materials Body DMS Full stainless steel

Head Full stainless steel    

Internals  Full stainless steel

Retention Force 2500N

Lock Mechanism DM Die-cast zinc body with stainless 

                                                            operating mechanism (selected separately)

Lock Mechanism DMS Full stainless steel (selected separately)

Key Stainless steel (purchased separately)

IP Rated IP65 Rated

Minimum Operating Current  5mA at 20v  

DM-I» Multiple Door Interlock with Internal Release

Power and Control Isolation

Multiple Door Interlock with Internal Release

•  No product handing issues

   4 head rotation angles with an adjustment of 360° at 90° 

   increments with +/-5° fin

e

 adj ust me nt

   Two actuator entry points

•  Any combination of isolation/access keys possible

•  Sequential or Non-sequential key operation

•  Simply add modules to existing config

u

r at ions

•  All DM locks have stainless steel heads

•  Tamper resistant head mechanism

•  Provides Internal Release facility - particularly useful in 

   multi-access applications  

•  Monitoring switches provide feedback of operation

•  Easily Reset

•  Wide Variety of panel thickness catered for .

mGard range

mGard is the ultimate range of robust mechanical trapped key products. 

Trapped key technology offers purely mechanical access locks (removing the 

need for expensive wiring). mGard offers an extensive variety of modular 

interlocking solutions . Suitable for use in applications up to SIL3 (EN/IEC 

62061),Category 4 and PLe (EN/ISO 13849-1), mGard is ideal for use in harsh 

environments and is tested to 1,000,000 operations.

Technical Specific

a

t ion

Article Codes

Nº of Locks      Part Nº                    

1 » 10     DM1 » DM10
     
Nº of Locks  (Full Stainless Steel)    Part Nº                    

1 » 5     DMS1 » DMS5 

Lock Type                 

Key and lock types must be specifie

d

 separ at el y    

Internal Release - (40mm min)    Part Nº  

XXX = Panel Thickness (min) DM-I   IRXXX
XXX = Panel Thickness (min) DM-H  IRHXXX

Key Exchange

Door Locks and Actuators

Datasheet

DM-I   Multiple Door Interlock with Internal Release

Dimensional Drawing

Wiring Diagram

Safety Data

Standards EN60947-5-1:2007

ISO EN14119:2013

EN13849-1:2008

EN13849-2:2012

EN62061:2005

Certific

a

t ions CE marked for all 

applicable directives

Category Cat. 4, PLe (EN/ISO 13849-1) and 

SIL3 (EN/IEC 62061)

Functional 

safety data

B10d 5,000,000

DC High 99% (with correct 

monitoring)

Fortress Interlocks Ltd, 2 Inverclyde Drive, W olverhampton, WV4 6FB, United Kingdom, Tel: +441902349000, W eb: www.fortressinterlocks.com 4th February 2015

CERN 

Reed switch 

connected to  

Emergency exit

 Reed switches installed to 

emergency exit door exiting into 

loading

 CCTV camera

 Machine protection issue is from high 

vacuum and reflected power to the 

klystron (Same of CERN) 
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Radiation monitors
Perfection in Detection

Radiation Detection Division

Features
Internal calibration factor
Unique “electronic” identifier
Quick Connect connector
Quick Connect plug

GM-42 Area Gamma Detector
Includes: 

GM-42 Detector                             Bracket External Detector
BAK-1210                                             BAK-1200

11/03/2021

WebiSmarts System

Area Gamma Detector GM-42 (Low Range)  CAT: BAK-2435

The GM-42 Detector is a sensitive low range gamma radiation detector used to 
measure dose rates in areas where radioactive material is handled such as clean 
rooms, radio pharmacies, Q.A. Departments packing rooms and backup to the 
extremely sensitive PM-11 Exhaust Stack Detector. 

The GM-42, like all the WebiSmarts detector contains its calibration factor and 
identifying features, which makes it easy to install and switch with other detectors 
without any additional setup or preparation. 

Measuring Range: 0.1 uSv/h to 10 mSv/h (0.01 mR/h to 1 R/h)

3x

GM-42 Detector

Looking for monitor software ☺

Type of Radiation: Gamma and X-Ray. 

NOTE: Radiation Management Licence 
(RML) submitted, covering all ionising 
radiation activities within the University



Local Manufacturing
 Australian National Fabrication Facility (ANFF): 

already manufactured a W90 to waveguide 

adaptor

 Making progress:

 tried diamond milling on the new precision 7 
axis machine

 capability upgrades of ultra-high precision 

turning and milling machines.

 looking for CMM 

 Thy to make the disk just after Christmas.

 NOTE:  for beam line commissioning we would 

like to use a 100keV DC photogun.

 We are investigating the use and “manufacture” a 

low beta acceptance X-band accelerating 
structure. (S. Williams, IPAC2022, Bangkok, Thailand, ACoW
Publishing ISBN: 978-3-95450-227-1 ISSN: 2673-5490 
doi:10.18429/JACoW-IPAC2022-THPOST006 )

CERN: T24 disk 

Production of the accelerator components:

CQT seminar 6 March 202021

Accelerator disks 100XS50

Waveguide 
transition

Output couplerStandard disk



Short term plan 

 ToDo list

 Modulators commissioning/conditioning (Feb 2022)

 Extra RF Windows + load, only

 Baking RF structure/components

 Bead-pull (structures)

 Pulse compressors calibration 

 … 

 Rebuild the WG system 

 Instrumentation available.

 2 Port VNA

 2 x power Meters

 RF pulse generator 

 Baking RF structure/components: vacuum oven available 

at the Aus. Synchrotron (AS) 1e-3 @ 200 degC

Before tuning After tuning 



Conclusion  
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 The project is moving forward, many thanks to the CLIC 

collaboration 

 Refurbishment of the bunker is ready, it will be 

commission before the end of the year 

 Modulator commissioning - Feb 2023

 Welcome to visit the facility!

 Help and support are more than welcome !

Warmest Wishes from all Mel-team !



LCW
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Company name: Automatic Heating

Created by: Gilberto Aguja

Phone: 1800 337 959

Email: gilberto.aguja@automaticheating.com.au

Date: 05/11/2021

Printed from Grundfos Product Centre [2021.31.006]

Qty. Description

1 CRI 15-7 A-FGJ-A-E-HQQE

Note! Product picture may differ from actual product

Product No.: On request

Vertical, multistage centrifugal pump with inlet and outlet ports on same the level (inline). Pump materials in contact
with the liquid are in stainless steel. A cartridge shaft seal ensures high reliability, safe handling, and easy access and
service. Power transmission is via a rigid split coupling. Pipe connection is via combined DIN-ANSI-JIS flanges.

The pump is fitted with a 3-phase, fan-cooled asynchronous motor.

Liquid:

Pumped liquid: Water

Liquid temperature range: -20 .. 120 °C

Selected liquid temperature: 16 °C

Density: 998.9 kg/m³

Technical:

1/8


