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Mandate Prototype Test Facility (PTF)Mandate Prototype Test Facility (PTF)

Test  FAIR Model-, Prototype- and Preseries sc magnets 

Develop :
• Test procedures for Factory Acceptance Tests 

(FAT) and Site Acceptance Tests (SAT)(FAT) and Site Acceptance Tests (SAT)
• Acceptance Criteria for FAT and SAT
• Diagnostic MethodsDiagnostic Methods

Investigate “non conforming” magnets for g g g
• SIS100 series
• SIS300 series



Parameters to deliverParameters to deliver

heat input due to eddy currents and hysteresis → power of the 
cryoplant

hydraulic resistance -> maximum acceptable heat load → e.g. y p g
parallel cooling channels in SIS 100

magnetic field (quality, strength, eddy current contribution ...) →magnetic field (quality, strength, eddy current contribution ...) 
beam dynamics

operation reliability and safety (insulation quench detection (rampoperation reliability and safety (insulation, quench detection (ramp 
voltage, cool down, cooling,  static heat flow ...)

alignment and fiduzialisationalignment and fiduzialisation



Prototype Test Facility Prototype Test Facility 



Equipment of the Prototype Test FacilityEquipment of the Prototype Test Facility

power supply 11kA, 110 V

feedbox 1 cryo- magnet

cryo plant distribution box

feedbox 1

feedbox 2
universal-
cryostat for

TCF 50: 350W@4K Distribution and 
processing of the
helium; Feeds helium and Enables measurements 

feedbox 2 cryostat for
cold masses

•Bath cooling
•2 phase cooling 5g/s
•Supercritical 150g/s
•Temperatures down

current into the magnet;
measurement of:
•Mass flows 
•Temperatures

directly on the magnet;
•Field measurements
within the anti-cryostat
•Additional sensors

to 3.8K
•Pressures between
1.2 and 5 bar

•Pressures •2 Void fraction sensors



Cryogenic losses Cryogenic losses –– VV--I methodI method
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Energy loss is calculated  : 
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Power loss is calculated  : 
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Δti = 20.05ms

current → DCCT → DVM (generates trigger)

i

N – corresponds to 1 current cycle

voltage  across magnet  DVM (receives trigger)

DVM:

DVM’s - 8.5digit HP 3458A.

integration time → 20 ms 

processing delay 50 µs. 



Cryogenic losses Cryogenic losses ––calorimetric method calorimetric method 
(supercritical cooling)(supercritical cooling)

Mass flow through the magnet:

cold mass flow - warm mass 
flow (measured)

Schematic sketch of the measurement ( ) ( )[ ]inininoutoutoutHemagnet PThPThmQ ,, −⋅= &



Cryogenic losses Cryogenic losses ––calorimetric method calorimetric method 
(supercritical cooling)(supercritical cooling)
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Cryogenic losses Cryogenic losses –– calorimetric method calorimetric method 
(2(2--phase cooling)phase cooling)

coil cooling: 2 phase
measurement points in single 
phase:

variation of mass flow 
→ X = 0 at coil inlet
→ X = 1 at coil outlet

as applied by Dubna for 
Nuclotron magnet tests

( ) ( )
heaterQm =& ( ) ( )outinheaterinheateroutoutheateroutheater

He PThPTh
m

,, ____ −
=

( ))0()1( ili idHil PxhPxhmQ =−=⋅= &
assumption: ( )),0(),1( inliquidoutvaporHecoil PxhPxhmQ

( ) ( )( )outCYCYoutoutoutHeyoke PThPThmQ ,, −⋅= &

pressure drop only in the coil.



Cryogenic losses Cryogenic losses –– calorimetric method calorimetric method 
(2(2--phase cooling)phase cooling)
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GSI001  (with beam pipe) GSI001  (with beam pipe) ––cryogenic lossescryogenic losses
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GSI001  (with beam pipe) GSI001  (with beam pipe) ––cryogenic lossescryogenic losses

GSI001 with beampipe, Hysteresis loss (intercept)
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GSI001  (with beam pipe) GSI001  (with beam pipe) ––cryogenic lossescryogenic losses

Top-Down Asymmetry

Superconductor eddy current loss
(scaled for whole coil)
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GSI 001 Ramp Rate Limitation (RRL)GSI 001 Ramp Rate Limitation (RRL)

• type 'A' behavior:  quench current reduced 
by AC- conductor heating

• type 'B' behavior: quench current reduced• type B  behavior: quench current reduced 
due to unequal current distribution between 
strands- unwanted!
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4KDP6a 4KDP6a –– mass flow vs. pressure dropmass flow vs. pressure drop
(2(2--phase flow)phase flow)
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4KDP6a  RRL4KDP6a  RRL

Ramp Rate Limit 4KDP6a
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4KDPa: AC Losses @ 4 K4KDPa: AC Losses @ 4 K

(measured: calorimetric and U-I; calculated: ANSYS) 
for various Bmax at triangular cycles 
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4KDP6a: calorimetric and calculated data 4KDP6a: calorimetric and calculated data 
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FAIR – Facility for Antiproton and Ion Research
in 2015
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