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Reinforcement Techniques for Bi-2212 Wire
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Introduction – Reinforcement Techniques for Bi-2212 Wire 

Bi-2212 coil technology has been being developed for high field (> 20 T) superconducting magnet by utilizing overpressure heat-treatment (OPHT) process. Aiming to be a competitive replacement for Nb3Sn wire with its higher Jc(B) in near future, we are pursuing a coil technology that can manage high magnetic stress by adding reinforcements into winding packs. After the decommissioning of the 168 mm large bore resistive magnet, we selected an alternative test bed, our 140-mm and 8.5-T cryo-cooled LTS magnet to advance our reinforcement techniques with newly-designed Bi-2212 stress test coils, dubbed “Riky.” 
Experimental – Three “Riky” Coils with Different Reinforcement Schemes

We made three different Riky coils that contained different level of reinforcements. As shown in Table I, coil size and number of turns of each Riky were kept similar to generate similar magnetic stress on the coil pack. The first coil, Riky 1, had no reinforcement as a base reference. Riky 2, on the other hand, had a full suite of reinforcement, expecting that it wouldn’t reach to its critical stress level. Riky 3 was in the middle of Riky 1 and 2 in terms of reinforcement, so as to refine our FEM modeling and confirm our approach. All three coils were impregnated with NHMFL 61 epoxy using vacuum pressure impregnation. The LTS test bed was charged to 8 T while the coils were cooled to 4 K. We monitored voltage response of the coils while they were being charged to observe their critical stress limits.  
Results and Discussion


The Fig. 1 shows voltage responses of Riky coils. The magnetic stress on the coil increases as its charging current goes up. When the stress is close to a critical stress level of the coil, its voltage will start to rise as a consequence of superconducting to normal transition of the Bi-2212 conductor. As shown in Fig. 1, Riky 2 could hold higher magnetic stress than other Riky coils before it reached to 1 µV/cm criterion. Later we found that Riky 2 was not limited by stress at all but by the heating introduced through the external current leads. Riky 3 performance was, as expected, between Riky 1 and 2. We also performed low cycle fatigue tests, and observed no evidence of fatigue. This indicated that Bi-2212 conductors in Riky coils were still operating below their critical strain limit, revealing the efficiency of our stress management techniques.
Conclusions

The Riky coils showed that the reinforcement techniques we apply are effective in redistributing the magnetic stress from the Bi-2212 wire to its neighboring reinforcement structures. Correlated FEM modeling efforts are on going to refine the modeling parameters for Bi-2212 winding packs in wire-by-wire resolution. 
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* Inductive voltage and initial resistance slope were discarded.
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	Coil #
	Riky 1
	Riky 2
	Riky 3

	Wire dia. [mm]
	Bare 1.3
Ins. 1.56
	Bare 1.3
Ins. 1.56
	Bare 1.0
Ins. 1.3

	Insulation
	TiO2 coat + mullite braid

	ID ; OD [mm]
	124.8 ; 136.0
	122.8 ; 134.0
	122.8 ; 132.2 

	Height [mm]
	14.8
	16.4
	13.0

	Turns
	34
	39
	38

	Inductance [mH]
	0.29
	0.33
	0.34

	Conductor [m]
	14.7
	16.1
	16.2

	Impregnation
	VPI (NHMFL 61)

	Reinforcement
	none
	co-winding + reinforcement 
	co-winding




Fig.1 Voltage responses of Riky coils with different level of reinforcements





Table I Specifications of thin-wall stress test coils, Riky 1, 2, and 3.








