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|, Introduction \l 'EI'Iests’_c ?Ff Sotl_dered Stacked YBCO Conductor Liquid Nitrogen Immersion Test Results
: : ectrical Properties: . . . . e
For the Beijing Spectrometer 111 (BESIII) superconducting solenoid magnet (SSM) backup valve box . . : . In the liquid nitrogen immersion test, the operating current reached 4200A, and the voltage monitoring tap
I upgrade project, two 4kA HTS current leads were designed, manufactured and tested. The baseline Egrnter;e:gtei(\:/té;cal properties test of stacked conductor, the four-lead method was applied. At liquid nitrogen temperature, 77K, we tested the stacked conductor samples prepared by SnPb6337 solder, the number of layers was 2, 5 and installed in the HTS section showed no quenching of all YBCO conductors. As shown in fig.11, the voltage
design of the current leads adopted a stacked YBCO conductor solution to achieve a lower thermal I P Y- . of each YBCO stacked conductor does not exceed the quench criterion, that is, 1uV/cm, and the
I load at 4K, improve the stability of the magnet. Owing to the adoption of YBCO conductor, the heat PEET R TR S R R R ([ Some ] " . o [F2~ Maxont : | R relationship between the total voltage of the HTS section and the operating current is always linear, that is,
leakage was effectively controlled. The joint component connected the LTS cable adopted a I GRSy — - | 3131; e bt B oo ] |4 Max Flux Density the voltage of the copper support and the joint. No shunting occurs on the stainless-steel shunt. From this
I conduction-cooled design, which avoided complicated liquid helium piping and made the entire S loyer 35 | g:;_' e DDibyerendy hi ?;;g:j f result, we can also know that the joint resistance between YBCO conductors and the copper support is
current lead structure simpler. The development of a novel soldered stacked YBCO conductor is also I e s Gy g ° | 255 J $ 650 ” lower than 2.5E-7 Q in the liquid nitrogen state.
described. Their thermal conductivity and electrical properties tests, and experimental results of the i ————— < . i 2 s P e
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Vacoum Vessel Supereonducting ot . The purpose is for current lead applications, the axial thermal conductivity of soldered stacked YBCO conductors is tested by experimental platform based on a GM cryocooler. Fig.5a shows the experiment. The measurement is based - 4D
I I on the one-dimensional Fourier heat transfer law: 1-A-AT +E
—_ + YBCO Conductor Voltage (15 Sampling Freq)
HQI‘ Shl.k‘ ;:m::;umn ] l ] . ] . . . . . . . . . +G HTS Component Overall Voltage o] Resistive HEX Component Voltage . E
I I For general current lead designs, the HTS component operates in the 4K-77K temperature range and the resistive heat exchanger section is cooled by nitrogen or helium gas. The application of YBCO materials can significantly reduce ~—»—H : :
e Tube the 4K thermal load of the current leads compared to BSCCO materials. T3 A W SN S N — — e N ' g
I L Tobe u I 0 1000 2000 3000 4000 | * J . R NEE
. ° S . I(A) ol o o IS
Fin Resistive Heat Exchanger Design YBCO Conductor Voltage: NO Quench @4200A . e ——————
I I A multi-physics coupling finite element analysis Is applied to compare two schemes, the 1 mm fin spacing and the 3 mm fin spacing, and to determine the reasonable range of current lead helium flow rate. The Imm fin spacing
scheme was abandoned since the helium pressure drop was too large to meet the requirements of the cryogenic system. For 3mm fin spacing scheme, when the helium flow rate is in the range of 0.28 g/s to 0.34 g/s, both the helium
\ AINE DINE DENE SEES DEEE DEND DENE NN BENN DENE DENE DENE DNNS NS DEmE Bmmm B / gas outlet temperature and the helium gas pressure drop are acceptable, which does not cause severe overcooling and meets the requirements of cryogenic system. At the same time, it is also ensured that the top surface temperature of
the HTS section does not exceed the design reference temperature, that is, the liquid nitrogen temperature. y S N O U U
HTS Section Design RESULTS OF FEM ANALYSIS OF FIN RESISTIVE HEAT EXCHANGER I Valve BO_X TeSt Env_qur_lment U n.der. Constructlon o
BSCCO materials for current lead application are typically packaged in a silver-gold package. - 1 T T — The n_ewl_y deS|gned_vaI_ve box simplifies t_he Ilqu_ld_hell_um pIping §ystem compared to the existing one, I
Compared to YBCO film conductors, the thickness, cost and thermal conductivity of BSCCO Hcliur; ;I::’ — m";} 2;;“_; : ‘f"mg m":] 2;6 p;i“"g : m":} 3,1;5 ngfmg I resulting in a reduction in the number of bimetal joints in order to improve the system vacuum that
RS e e (e i FICE e e e 1) ) i e e) o e 6 Hetium Flov Tﬁimp 63 28% L %5 nzi : ﬁﬁ SZKL Qeterlorates these years. In addition, the newly designed binary current Ie_ad and liquid hell_um De\_/var will I
BSCCO current leads. The entire HTS section consists nine 300 mm length soldered stacked YBCO HTS Top Temp 61 75K 11 63K 64.51K I improve the thermal load of 4K and the temperature of the magnet cable in the valve box, improving the
conductors. Each of the stacked conductors was formed by 10 layers of YBCO film conductor using a Helium Outlet Temp 781 1K 7186 6K 270.7K Stabll_lty and sa_fgty of the_entlre system. The binary YBCO currgnt lead is shorted through a Ien_gth of _ I
vacuum soldering with SnPb6337 as solder. Soldered conductor has an average thickness of 0.72 mm. Helium Heat Absorption 345.61W 353.84W 385.03W I aluminum stabll_lzed NbTi _Ru_therford cable to comp_lete the oftline test. The purpose of th_e offline test is to
The conductors also require a second vacuum soldering with SnBi4258 as solder, fixed to stainless- Joule Heat 228.83W 283.17W 221.61W set up a test environment similar to the actual operation of the magnet system to test the binary YBCO I
steel shunt and copper support. Average Temp of HEX 136.18K 160.79K 135.12K i current leads.
Table 1. Specifications of YBCO film conductors with copper Inlet Vﬂl[)ﬂll.}’ 6m/s 6m/s Tm/s I
stabilizing layer provided by SSTC Outlet V{}l[}l‘:ll}f 33.37m/s 33.99m/s 37.41m/s
- : Outlet Temp 281.1K 286.6K 270.7TK I I
frem bnit  Value =y Max Velocity 122.1m/s 46.8m/s 51.67m/s
Width mm 1 Pressure Drop 184076.85Pa(1.84bar)  6601.69Pa(0.07bar)  7126.57Pa(0.07bar) I / I
Entire thickness fem 65 Copger Sublliziig TayeR \ £
Thickness of copper stabilizing layer e 6 YBCO Superconductng Layer | i '
Average critical current @77K A 150 o - —— e I I
Unevenness of critical current % +15 . f
Low Temperature Connecting Section Design ! = |
A The low temperature connecting section connects LTS cable below the HTS section. Because the superconducting joint technology of YBCO conductor and NbTi cable is not mature yet, and the current lead size is relatively compact, I -
copper support is used to construct the low temperature connecting section under the premise of Joule heat and structural heat leakage. This section is soldered with YBCO conductors and crimped with aluminum-stabilized NbTi I
Rutherford cables. Due to the application of YBCO materials, the 4K thermal load of a single current lead is lower than 2W, which allows the bottom part of the current lead to be cooled by OFHC belt connected to the inner wall of I
the liquid helium Dewar. The insulating material between the current lead and the OFHC belt is made of aluminum-nitride film, and the design of the OFHC belt is determined by finite element analysis to ensure that the maximum I
temperature of the superconducting cable does not exceed 5.5K. I I
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