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Cryogenic material laboratory within ITEP

Characterize materials at operational temperatures à 400 K – 4.2 K

Advantage of combination of test methods in one laboratory with 
expertise of about 30 years

KIT – Die Forschungsuniversität in der Helmholtz-Gemeinschaft
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Cryogenic material laboratory within ITEP
Major projects 2023
Material characterization and development (thermo-physical/mechanical):

AdHyBau
Development of a cryo-H2 electrical 
propulsion system 
using advanced / hybrid manufactured materials

ApplHy!
Setup of a Cryo-Hydrogen facility 
(applications, materials)

Magnet Technology
Structural and functional material for fusion magnets
High strength materials (EUROfusion and Fusion startups)

Standardization IEC/ISO

KIT – Die Forschungsuniversität in der Helmholtz-Gemeinschaft
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Physical Property Measurement System (9T and 14T, 1.9K - 400K) 
Heat capacity, thermal conductivity, electrical conductivity, dilatometer

Testfacility CryoMaK – Physical Properties

KIT – Die Forschungsuniversität in der Helmholtz-Gemeinschaft
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LOT-QuantumDesign GmbH. Im Tiefen See 58. D-64293 Darmstadt.  +49 6151 8806 0.  info@lot-qd.de. www.lot-qd.com/de

Please contact: Dr. Marc Kunzmann:  +49 6151 8806-46.  kunzmann@lot-qd.de 
or David Appel:  +49 6151 8806-499.  appel@lot-qd.de  

or Dr. Tobias Adler:  +49 6151 8806-479.  adler@lot-qd.de 

PPMS Ultrasonic elastic constant measurement option

Quantum Design introduces PPMS Ultrasonic option 
developed as co-development work with Iwate Univer-
sity Japan. The Ultrasonic option can measure elastic 
constant through special sample probe using ultrasonic 
sound.

Features
 n High accurate measurement  

(1ppm acoustic velocity change) *1

 n Data reading accuracy:14 bit
 n Very small foot print 
 n Two measurement modes for elastic constant:

 » Phase comparison method 
High accuracy measurement (relative accuracy 
10-6) for slow acoustic velocity change according to 
temperature and magnetic field

 » Orthogonal phase detection experimental method 
(ORPHEUS) 
High speed measurement (0.1 millisecond) *2 
For large acoustic velocity change according to 
temperature and magnetic fieldFor transient acoustic 
velocity change *3

 n Easy sample setting using cartridge-type sample 
holder

 n All operation via PC with TCP/IP interface
 » Setting frequency,  repetition rate, pulse width, 
amplitude , gate position

 » Remote control and monitoring possible by PC or 
tablet through internet*4

 »
*1 Data example using the surface acoustic wave  device (stan-

dard accessory enclosed)
*2 Suitable for repeat cycle of driving ultrasonic pulse
*3 Storage oscilloscope is required
*4 Software  such as “Real VNC” is required

System composition

1. Main controller: to generate ultrasonic and to detect 
changed value of ultrasonic 

2. Cartridge type sample rod with transducer: to apply  
ultrasonic  to sample and to detect changed value from 
sample ( Measurement temperature: 1.9 to 300 K )

3. Application software: to set parameters (selecting each 
parameter), to analyze detected ultrasonic and to calculate 
elastic constant

Main controller

Measured physical 
quantity

 n Relative acoustic velocity change 
 n Ultrasonic attenuation coefficient

Ultrasonic oscillator 

 n Pulse method
 n Frequency:10 MHz to 160 MHz
 n Pulse width: > 0.05 microsecond 
 n Repeat cycle : 500 Hz to 50 kHz 

Absolute velocity 
measurement method 

 n Pulse echo method
 n Phase rotation method

Velocity change 
measurement method 

 n Phase comparison method
 n orthogonal phase detection experi-

mental method (ORPHEUS

PC interface TCP/IP

Cartridge type sample rod with transducer 

Measurement method Ultrasonic transmission method /reflection 
method

Electroacoustic 
transducer LiNbO3

Basic frequency

 n Longitudinal wave: 30 MHz
 n Transverse wave: 19 MHz
 n According to sample status, odd har-

monic of the fundamental ultrasonic 
wave possible

Sample size 1 mm to 10 mm

Application software  based on National Instruments’ LabVIEW 
run-time version
(installation of LabVIEW run-time version is required)

Setting items
Frequency,  phase, repetition rate, pulse 
width, amplitude , amplification, gate 
position

Specifications

elastic constants Q4/2023
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Testfacility CryoMaK

Mechanical investigation (4.2K – 400K) 

ATLAS axial ± 650 kN 
„Full-Size” components

PHOENIX
axial ±100 kN

KIT – Die Forschungsuniversität in der Helmholtz-Gemeinschaft
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Mechanical investigation (4.2K -300K) 

Testfacility CryoMaK

MTS25 & 50
axial ± 25 kN und ± 50 kN 

TORSION axial     ± 100 kN
torsion ± 1000 Nm

KIT – Die Forschungsuniversität in der Helmholtz-Gemeinschaft
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Impact test (77K/RT)

Testfacility CryoMaK

Drop weight towerCharpy 450J

KIT – Die Forschungsuniversität in der Helmholtz-Gemeinschaft
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Testfacility CryoMaK

10-fold specimen rig high-sensitive load cell

High-precision ExtensometerPoisson-ratio assembly

KIT – Die Forschungsuniversität in der Helmholtz-Gemeinschaft
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ASTM D3039/D3039M

Standard Test Method for Tensile Properties of
Polymer Matrix Composite Materials 

Specimen size according to standard
Specimen shown equipped with several clip-on-extensometer

KIT – Die Forschungsuniversität in der Helmholtz-Gemeinschaft22.06.23
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6. Poisson Ratio 
Three PCR transversal tensile test specimen were provided by CNIM for Poisson determination. Two 

25 mm wide transversal oriented stripes are glued together to form a tensile specimen. The 

extensometer configuration on the mounted specimen can be found in Figure 16. One extensometer is 

oriented in the transversal fiber direction of the tensile loading, one pair is oriented in the 

perpendicular longitudinal fiber direction (width of specimen) and one extensometer pair is in radial 

direction (thickness). 

The specimen was loaded up to approximately 3 kN to determine the elastic constants, summarized in 

Table 7. The stress-strain curves in Figure 17 show the positive elongation under load in transversal fiber 

direction, whereas in the perpendicular radial and longitudinal fiber direction the expected negative 

modulus is visible. 

 

 
Figure 16 Test configuration for Poisson determination from transversal tensile specimen at 4K. 

 

 

Table 7. Poisson results from transversal direction specimen (PHOENIX) 

Filename Temperature width thickness Etrans Elong Etrans/Elong Erad Etrans/Erad 

- K mm mm GPa GPa - GPa - 

PS-1 4,2 25,312 4,155 32,6 -222,3 -0,147 -100,7 -0,324 

PS-2 4,2 25,332 4,170 32,9 -199,2 -0,165 -111,9 -0,294 

PS-3 4,2 25,338 4,170 33,0 -214,5 -0,154 -106,0 -0,311 

 

Transversal direction Extensometer 

Longitudinal direction Extensometer 

Radial direction Extensometer 

Fraunhofer IWM 

Karlsruhe Institute of Technology 

 Failure criteria validation sample 

testing report - FRP composite 

laminates under cryogenic 

thermomechanical loading - 

Update 1 

IWM Report V342/2017 

 European Space Agency  15 | 57 

 

 

 

Testing facilities 

 

 

 

lower compression plate was determined by an extensometer measurement using a clip 

gauge attached directly to the compression plates. 

 

Fig. 8:  
Test rig for compressive 
experiments at ambient 
temperature. 

5.3  

Experiments at cryogenic temperature 

The experiments at cryogenic temperature have been performed at KIT KryoMaK. As 

summarized in Tab. 5 to Tab. 7 cryogenic tensile and compressive tests are foreseen. 

Additionally some samples are to be exerted to a thermal cycle to cryogenic tempera-

ture without mechanical loading. 

The cryogenic temperature is defined as 4.2 K immersed in liquid Helium. Therefore, all 

tests are performed within a cryostat and equipped with a MTS hydraulic testing rig. 

The tensile tests follow standard test procedures using the same specimen geometry as 

for ambient temperature. 

     

Fig. 9:  
On the left the overall test 
configuration before clos-
ing the cryostat. The cryo-
genic mechanical clamping 
device with a mounted 
specimen. On the right 
side the detailed view of 
the mounted specimen 
showing the attached 
extensometer. 



Dr. Klaus-Peter Weiss - ITEP11

ASTM D3410/D3410M & Compression/Shear

Standard Test Method for Compressive Properties of Polymer 
Matrix Composite Materials with Unsupported Gage Section by
Shear Loading

Compression/Shear Loading
by Tilted Test Rig

KIT – Die Forschungsuniversität in der Helmholtz-Gemeinschaft22.06.23
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7. Compression test (transversal/longitudinal) 
PCR Samples for compression testing according to ASTM D3410M were provided in transversal and 
longitudinal direction. The samples were measured as shown in Figure 14. The results are summarized 
in Table 6 and Table 7 for transversal direction and in in longitudinal direction. As can be seen in Figure 
16 and Figure 18 the test method exhibit a stepwise increase presumably caused by sudden settling 
effect at cryogenic temperatures of this fixture. The specimen after test showing their failure behavior 
are given in Figure 15 and Figure 17. 

   

Figure 14 Compression test according to ASTM D3410M. 

  

                                                                                                          

KP Weiss 4 / 17 CryoMaK 

      
Figure 2 Compression-shear tilted test arrangement for RT and 4K test  
 

 

Table 2. Compression-shear test of PCR material (ATLAS-facility) 

Filename Temperature Diameter Area Maximum 
Load  

Shear Stress 
sin() 

Compressive 
Stress cos() 

- K mm mm2 kN MPa MPa 

25 degree fixture 

S3&4 (B) RT 12,7 126,68 16,49 55,0 118,0 

S5&6 (C) RT 12,7 126,68 18,92 63,1 135,4 

S31&S32(C) RT 12,7 126,68 17,21 57,4 123,1 

25 degree fixture 

S17&S18 (B) 4K 12,7 126,68 33,90 113,1 242,5 

S19&S20 (B) 4K 12,7 126,68 37,74 125,9 270,0 

S21&S22 (B) 4K 12,7 126,68 35,53 118,5 254,2 

15 degree fixture 

S9&10 (B) RT 12,7 126,68 35,68 72,9 272,1 

S11&12 (C) RT 12,7 126,68 39,62 80,9 302,1 

S29&S30 (B) RT 12,7 126,68 36,59 74,8 279,0 

15 degree fixture 

S23&S24 (C) 4K 12,7 126,68 45,12 92,2 344,0 

S25&S26 (C) 4K 12,7 126,68 46,73 95,5 356,3 

S27&S28 (C) 4K 12,7 126,68 41,64 85,1 317,5 
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9. Radial Shear Stress (V-notch) 
To measure the shear stress in radial direction by V-notch method, ten specimen were provided (see Figure 

below) to be tested at room temperature (RT) and cryogenic temperature 4.2K immersed in liquid Helium.  

The results can be found in Table 8. 

The measurement curves are shown in Figure 20 and Figure 21. The failure behavior is depicted in Figure 23 

for room temperature (RT) and for cryogenic temperature in Figure 24.  

At room temperature the failure occurs within the PCR stripes, but at 4.2K the failure seems to occur at the 

boundary of PCR and the adhesive. 

 

    
Figure 19 V-notch shear test samples before test on the left, on the right side the test rig equipped with sample 

 

 
 

Table 8: Summary of v-notch tests at RT and 4.2K (ATLAS-facility) 

Filename Temperature Width Height Ultimate 
Load Shear Stress Uncertainty Failure 

Mode 

- K mm mm kN MPa MPa (k=2) - 
vn-s6-rt RT 3.02 11.47 2.245 64.8 0,4 HGN 
vn-s7-rt RT 3.00 11.48 2.225 64.6 0,4 HGN 
vn-s8-rt RT 3.01 11.50 2.257 65.2 0,4 HGN 
vn-s9-rt RT 2.93 11.50 2.214 65.7 0,5 HGN 

vn-s10-rt RT 3.05 11.45 2.326 66.6 0,5 HGN 
         

vn-s6-4K 4.2 3.04 11.48 3.699 106.0 0,7 HGN 
vn-s7-4K 4.2 3.00 11.48 3.465 100.6 0,7 HGN 
vn-s8-4K 4.2 3.03 11.47 3.510 101.0 0,7 HGN 
vn-s9-4K 4.2 3.01 11.48 3.563 103.1 0,7 HGN 

vn-s10-4K 4.2 3.05 11.48 3.508 100.2 0,7 HGN 
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Further test methods / adhesives ...

Double Lap Shear
ASTM D3528

Fracture Mode II
ASTM D7905/D7905M

Fracture Mode I
ASTM D5528 

KIT – Die Forschungsuniversität in der Helmholtz-Gemeinschaft22.06.23
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5. Double lap shear 
Samples were provided for double lap-shear-test according to Table 1. The results are summarized in Table 
4 and are comparable to the results of a pre-preg test campaign performed in 2017. 
In Figure 11 the surface of the samples after test is shown. It is visible, that the failure occurs with a 
dominant rip off of the adhesive from the surface. 
 
Table 4. Double lap shear test results Vshear=Fmax/(2 w l) (ATLAS-facility) 

Filename Temperature Width Length max. Load  Shear stress Uncertainty 

- K mm mm kN MPa MPa (k=2) 

dls-3.1 4.2 24.95 12.41 9.085 14.67 0.42 

dls-3.2 4.2 24.90 12.61 5.881 9.36 0.36 

dls-3.3 4.2 25.02 12.61 9.549 15.13 0.42 

dls-3.4 4.2 25.00 12.25 10.006 16.34 0.44 

dls-3.5 4.2 24.95 12.56 7.884 12.58 0.39 

Meanvalue     13.62 +/- 2.74  
 

dls-6* RT 25.37 12.62 21.804 34.05 0.68 

dls-7* RT 25.33 12.62 22.875 35.78 0.71 
*samples tested after one cooldown cycle down to 4.2 K and back to RT 

 
 

    
Figure 10 Example of double-lap-shear sample before (left) and after (right) test at 4K. 
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4. Fracture Mode II Test 
Specimen of two glued PCR material stripes were provided for Mode II fracture test according to the 
specified EN 6034 from the document “MODE II INTERLAMINAR FRACTURE TOUGHNESS TEST 
SPECIFICATION“.  
 
The critical GIIc is determined according to the formula from this standard: 
 

 
 
The results are summarized in Table 4. The Test configuration is seen in Figure 7. 
 
 

Table 4. Fracture Mode II Test (MTS25) 

Filename Temperature w l t a P d GIIc 

- K mm mm mm mm N mm J/m^2 
sample-2 RT 25,1 100 4,3 35 1468 6,545 5573,2 
sample-3 RT 25,19 100 4,29 35 1392 6,859 5518,4 
sample-4 RT 25,19 100 4,31 35 1436 6,776 5623,9 
sample-5 RT 25,16 100 4,28 35 1388 6,772 5439,2 
sample-6 RT 25,1 100 4,3 35 1474 6,617 5657,5 

         
sample-7 4.2 25,16 100 4,31 35 439 1,687 428,6 
sample-8 4.2 25,11 100 4,29 35 455 1,707 450,3 
sample-9 4.2 25,15 100 4,31 35 438 1,685 427,2 

sample-10 4.2 25,1 100 4,31 35 464 1,646 443,0 
sample-14 4.2 25,11 100 4,32 35 443 1,766 453,6 

 
 
 

   
Figure 7 Mode II sample before loading (left) and at full deflection tested at room temperature. 
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Figure 14 Samples prepared for Mode 1 test, equipped with hinges. Glued with 3M adhesive DP460 and reinforced by 
M2.5 screws. 
 

 
Figure 15 Test configuration under loading. 

 
 
  

D2344/D2344M Short-Beam Strength
D2094 Specimens for Adhesion Tests
...  
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Example full size:
ITER 
PF coil tail
strain-cycling 
4.2K or 77K

PF Winding Pack 
Mockup

Testfacility CryoMaK – ATLAS
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Testfacility CryoMaK – FBI facility

Electro-Mechanical investigations
of superonductors in magnetic field

FBI
4.2 K to 77 K

KIT – Die Forschungsuniversität in der Helmholtz-Gemeinschaft
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Bruker Spectrometer Chemical composition of metals
ONH-Analysis
H2-preloading 
(200bar, 77K-300K)
Optical assessment
Vickers Hardnesstest

Testfacility CryoMaK

KIT – Die Forschungsuniversität in der Helmholtz-Gemeinschaft
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Further Characterization at ITEP

SEM - Leo1530 (Zeiss) with 
EDX-System Noran SystemSix 
(Thermo Scientific) 
and EBSD-System Nordlys II 
(Oxford Instruments) 

XRD- D8-Discover(Bruker) 

High Voltage Lab for small specimen
up to components at RT or cryogenic temperatures

Outgassing rate measurements of
stainless steel and polymer

KIT – Die Forschungsuniversität in der Helmholtz-Gemeinschaft22.06.23
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Dr. Klaus-Peter Weiss
klaus.weiss@kit.edu

Thank you for listening!


