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Introduction Measurement Procedure and Results Material Study: CTD-101K versus NHMFL Mix-61

is exceedingly difficult.
* Independently controlling stresses, current, and magnetic field
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* A major difficulty facing the future of Nb,Sn accelerator magnets is 13 T |_ measurement * Shown to the right is subtraction of =« —
t:aining, 10s of poiitil\;e t;aining quenches are needed to rleac;h 1st Press: 13 T i measurement with applying pressure, hold at each pressure for 20-60 seconds. the NHMFL Mix-61 sample by the ’f:::o- s s
even if the target fields are reached, it will be exceedingly difficult * 13.7 MPa “touchdown” 41_|_I\6/|Pa = 55 MPa > 68.5 MPa -> 55 MPa - 41 MPa > 13.7 MPa the (normalized) voltage tap and fﬂfzo E
to commission a next generation discovery machine. * systematic error of pressure _13 MPa acoustic sensor signal. . -
* Most of the. Investigations on training tOday are. done through e ~16.5 MPa/min ramp rate e The voltage tap histogram for this s 5?2600 62000 65000 “S1000 56000 58000 Bfis:c'mo 62000 65000
magnet testing, a lengthy and costly method. While a prototype analysis had 100000 bins from -
magnet will more accurately represent operational conditions: 13 T |_measurement 00005 V to 0.0005 V and the =. S
* Investigating new material selections, structures, and processing 2nd Press: 13 T i measurement with applying pressure, hold at each pressure for 20-60 seconds. acoustic signal histogram had 100000 _ . ;

+ 13.7 MPa “touchdown” - 41 MPa - 55 MPa -> 68.5 MPa - 55 MPa - 41 MPa > 13.7MPa  bins from -0.01 V10 0.01 V.
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is hot perfOrmEd, the load-line is followed. ° 5V5tematlc error of pressure MPa . 5 54000 56000 58000 60000 62000 65000 54000 56000 58000 §0600 62000 65000
. On trainio “ch h < th tem is totallv reset for —3 (normalized) voltage tap data and i " i
anc:teh:r csl::I; & QUENCh happens, the System 15 totally reset 1o * ~16.5 MPa/min ramp rate acoustic data corresponds with _“ e
' 0.00004 to 0.00015 V and 0.0008 to :* 5 ...
* In this research, a sub-scale experiment was developed to 10 T | measurement 0030 V respectively i : .
investigate training-like behavior in cable, insulation wrap, and 3rd Press: 10 T i measurement with applying pressure, hold at each pressure for 20-60 seconds. RS -
impregnated (acronym “CWI”) magnet scale composite. 75
p g ( y ) g p ¢ 13.7 MPa “tOUCthWn" 9 41 MPa 9 55 MPa 9 68'5 MPa 9 55 MPa 9 41 MPa 9 13'7 MPa _55?4-600 56600 SSEIJDO 60600 62600 IGSEIIOOI _15?4-600 56600 58600 EOCIJUD 62600 If:iSlI.ll'i]L'l
Transverse Pressure Insert (TPl) for . systematic error of pressure | © MPa : .n
h e | . . —3 * |tis clear the CTD-101K had a higher frequency of higher amplitude disturbances and
characterizing magnet scale composite * ~16.5 MPa/min ramp rate . subsequent pressing cycles resulted in a lower frequency of detected disturbances
0.007- Sample (V)
* The Transverse Pressure Insert (TPl) measurement system, shown L Press Transducer (V) [l Aloop-side=6.2X10 45 mzz
- S - . 0.005- _ —
below, was previously commissioned to determine J. degradation 0 004 US sensor (V) N jloop—top”-lxm i
- - - ' r m
due to a fixed transverse stress [1]. To characterize training-like 0.003- az - 15
behavior in CWI composite, in addition to sample voltage taps, the 0.002- i _uoéxflz r=cab162Width=o_007 m 255 uVv
. . . . . < 0.001- _ - : . .
TPI was equipped with a piezoelectric acoustic sensor. Voltage tap, T = Zoop >»AV = to (dependenton motion direction)
pressure data, and acoustic data was acquired with a fast and ;f-o.om- 2.9 mV
sensitive NI-9238 in a NI cRIO-9073. > -0.002: Conclusions
-0.003- T —
0.004 Buried Acoustic Signal * Previous measurements investigating the influence of impregnation cracking on
-0.005- « o S - - -
0.006. training have had similar setups [2,3], what makes this one special is that:
-0.007- * The excited superconducting strand itself behaves like an internal motion sensor
0008 while the acoustic sensor picks up impregnation fracturing.
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* The composite is similar to what is seen in an accelerator magnet.
* The reaction fixtures and TPl can handle a multitude of sample types and sizes
* It is possible to perform a series of sub scale experiments to investigating new material
selections, structures, and processing [4].
* Similar systems can likely perform the same role in such a research program [5].

References

0.0025-

0.002-

0.0015-

0.001-

[1] E. Barzi and A. V. Zlobin, “Superconductor requirements and characterization for high field accelerator magnets”, IEEE I2ZMTC
Proceedings (2015)

[2] H. Maeda and Y. Iwasa, “Heat generation from epoxy cracks and bond failures”, Cryogenics, 22,9, pp. 473-476 (1982)

0.0005-

Voltage (V)

0_

[3] Y. Yasaka and Y. Iwasa, “Stress-induced epoxy cracking and energy release at 4.2 K in epoxy-coated superconducting wires”,
Cryogenics, 24, 8, pp. 423-428 (1984)

[4] P. F. Smith and B. Coyler, “A solutions to the ‘training’ problem in superconducting magnets”, Cryogenics, 15, 4, pp. 204-207 (1975)

-0.0005-

-0.001-

[5] H. Boschman et. al., “The effect of transverse loads up to 300 MPa on the critical currents of Nb;Sn cables”, IEEE Trans. Magnetics,

-0.0015- 27, 2, pp. 1831-1834 (1991)

0 25 50 75 100 125 150 175 200 225 250 275 300 325 350 375 400 425 450 480 \

Time (s) : Acknowledgments
(L « PR Ng R4 | Department of Materials This work was supported by the U.S. Department of Energy, Office of Science
A K Vo Science and Engineering Graduate Student Research Program (SCGSR) and Fermilab APS-TD

Center _for Superconducting and--Magnetic Materials



