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Introduction Periodical cell modelling to homogenize a turn

ABSTRACT: The inter-strand contact resistance in REBCO-based superconducting cables is a key parameter influencing current redistribution, AC losses, and cable stability. In this study, we measured the 
inter-tape resistance of short vertically stacked tape (VST) samples at liquid nitrogen temperature (77 K). The effective contact resistivities between the stabilizer and the REBCO tapes were estimated based 
on experimental results and validated using a finite element model. The analysis revealed that the edge-side contact of REBCO tapes plays a significant role in determining the inter-strand resistance. This 
finding highlights the importance of optimizing fabrication process and material interfaces for improved cable performance. This study provides foundational insights into the inter-strand resistance of REBCO 
cables, offering a basis for further investigations and optimization in superconducting cable design for advanced applications.
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Inter-tape resistance measurement setup

Reference

Conclusion

Test at liquid nitrogen

Fig. 1. Schematics for (a) STEP’s TF coil structure, (b) poloidal cross-section (c) inner-leg cross- 
section and (d) VST cable example [1]

Three reduced dimensional sample preparation
• Three reduced-dimensional cable samples were manually fabricated 

using REBCO tape manufactured by SuNAM
• The excess tape length at both ends was used as current leads

Spherical Tokamak for Energy Production (STEP) and Vertically Stacked 
Tape (VST) cable
• A UK-led initiative to develop a prototype fusion power plant, 

targeting delivery by 2040.
• VST cable: A conductor design for STEP's Toroidal Field (TF) coils, 

consisting of copper-encapsulated, soldered stacks of REBCO tapes

cooling channel

vertically aligned non-twisted (soldered) REBCO stack

copper

voltage signals lead connectionsREBCO coated conductors

• Edge contact between REBCO tapes and the surrounding copper wall 
significantly affected inter-tape resistance

• The method enables non-destructive evaluation of soldering quality 
in stacked tape structures

• Based on the results, a refined soldering methodology was 
developed, and a test sample for SULTAN is now ready (see Wed-Mo-
Po.09-04)

• A simple and reliable measurement technique was introduced, 
requiring no warm-up or cool-down cycle

• Inter-tape resistance is not solely dependent on physical distance 
between tapes; contact conditions play a key role

Method to Eliminate Effects of End Defects
• The transition between the cable region and excess length is poorly 

supported and prone to damage
• Verifying conductor by applying current to the same conductor
• By comparing voltage profiles from both injection directions, 

damaged ("dead") ends can be identified and excluded from analysis.

Warm-Up-Cool-Down(WUCD)-free testing bench 
• Allowed connection changes at room temperature. 
• 100 A applied to measure the voltage. 
• Lead capacity was up to critical current of a tape
• A total of 14 voltage channels were measured simultaneously: 

6 for inter-tape, 7 for same tape, and one for a shunt resistor.

REBCO CC

LN2 to RT leads’
(copper)

Mini-VST test piece

G-10 Epoxy board

Test results and destructive cross section of the samples
2-D modelling for voltage distribution
• All tapes were modeled including REBCO layer, substrate, and 

electroplated stabilizer for HTS
• To implement insulating feature for buffer layer, resistivity of 

substrate was increased 104 times of its actual value
• Stationary source sweep and superposition was utilized to extract 

inter-tape resistance

Parameter Unit Value

# of tapes 30

Tape thickness [μm] 140

Tape width [mm] 4.1

Sample length [cm] 30

Excess length # 1, 8, 15, 22, 27, 29, 30

Four-point measurement setup
• A four-point probe setup was used, with voltage taps placed at 

both ends to detect potential damage along the tape

Table 1. Sample specifications. All three samples share the same dimensions and tape count

sample no. Unit

Sample A Dry

Sample B Solder 1

Sample C Solder 2

1

8

15

22

30

A 1 8 15 22 27 29 30

1 279 405 441 432 336 264

8 555 624 630 540 438

15 705 735 648 582

22 mean: 516
std: 149

684 654 600

27 510 534

29 240

30

Fig. 2. Test cable electrical schematic and pin configuration

Fig. 3. FEM setup for inter-tape resistance extraction and result

LN2

current flows

substrate

solder

Fig. 5. Enlarged view of edge side of cross sections for three samples after all test presented. 
Cross sections were prepared by electrical discharge machining (EDM) wire cutting and 
polishing. Photos taken with Dino-Lite USB microscope. Sample C had the best contact 
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8th - 15th, tape voltage distribution

Voltage for 8th is + Voltage for 15th is +

Fig. 4. Samples testing bed and side view. Cable is fixed on the plate. Tape is connected at the 
long copper bar with Indium sheet and bolting. Insulating signal wires, handling was done 
with concerns.

cable body“end defect”
on excess length

“end defect”
on excess length

Inter-tape measurement result for sample A, B, and C

• The inter-tape resistance 𝑅𝑐 =
𝑉𝑖𝑛,𝑜𝑢𝑡

𝐼ℎ𝑜𝑙𝑑
⋅ 𝑙𝑠𝑎𝑚𝑝𝑙𝑒 [2] was indicated 

below table, with ideal contact analysis
• Sample C exhibited the lowest resistance

B 1 8 15 22 27 29 30

1 66 66 57 78 36 57

8 96 87 108 69 90

15 84 108 69 90

22 mean: 75
std: 19.5

87 54 78

27 57 84

29 45

30

C 1 8 15 22 27 29 30

1 28.5 39 31.5

8 49.5 51 49.5 49.5

15 49.5 51 58.5

22 mean: 47.5
std: 8.95

52.5 54

27 54

29

30
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8th-15th, measured, Ihold = 100 A, Sample “B”

V1-V8 V V1-V15 V V1-V22 V V1-V27 V V1-V29 V V1-V30 V

GND: 
anywhere

i 1 8 15 22 27 29 30

1 8.7 9.2 9.5 9.5 8.9 7.4 

8 15.1 16.0 16.2 15.5 14.1 

15 15.1 15.8 15.2 13.8 

22 mean: 12.2
std: 3.3

14.0 14.3 13.1 

27 9.4 10.6 

29 5.9 

30

Table 2. Inter-tape resistance for three different samples and a Finite Element ideal sample. 
Indicated A, B, C, and I (ideal case). Sample C was the lowest out of tested samples, excess 
length of 30th layer of the C was died during manufacturing

unit: [nΩ·m]

Destructive observation on the sample pieces
• Post-cut observation showed good alignment and adhesion across all 

samples. 
• Sample C had the least voids at the tape edges

Other tape voltages
• As shown in the charging graph, voltages measured on other tapes 

exhibited behavior consistent with the finite element (FE) simulation. 
• FE model can be extended to further characterization

Fig. 6. (Left) Possible defect for inter-tape resistance measurement. (Right) A charging curve 
for sample “B”, +termination for 8th  and – termination for 15th as Fig. 3
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