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Single tapd, Cable cyclic
¢ mech. load load testing
testing Twente Press

Axial tensile Axial tensile & Winding Criti

_ ritical Inter tape
stress, |, & compressive Transversg angle,l. & t/load Transverse ¢ pt
: Stresss;,, e current/loa stiffnessd(p) contac
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FE cable model

UNIVERSITY OF TWENTE.



Ingle tapel. ¢ mechanical testing

U-Spring axial tensi_l Axial tensile stress,

| Winding angle
& compressive strai mechanical

Transverse stress, & : :
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Axial tensile strain: setup Comparison data

manufacturer

Tape | tsypstratel M] | toopperl MI | I [Al

SSTC Y 22 186
Fujikura 49 25 204 £
Faraday 39 13 162 g

Substrate : Hastelloy, width = 4 mm

——Data new TARSIS insert
= =Data SSTC
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Stressstrain
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xial tensile Stressstrain curves &l ()
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02 03 04
Applied Strain

Normalized |

Faraday #8838 &38-3>7)W1
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02 03 04
Applied Strain

Tape | E[GP] |, yS[M Pa]
SSTC| 125 600
Fujikura| 135 621
Faraday] 150 875
Tape | 7,[%] | . [MPa]
SSTC| 0.48 709
Fujikura| 0.43 626
Faraday] 0.58 900




Wlndlng perfOrman Ce Minimum winding radius (irreversibility limits)

Verification of current retentlon/reductlon
A 3 winding diameters (3, 4 and 5 mm) 1 o "
A 3 winding angles (3045 and 60)

A REBCO layer faces core
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=2 SSTC retains 100% Ic, wound &tetb4 mm former.

f —_— SSTC d Ic = 186.4A [ ound Ic = 219.2A

| Fujikura shows teeversible reduction (7%).

Current [A] Current [A]

Fujikura
=@t

|. wound is normalized with,, of initial straight
configuration.

Critical core diameter >3 mm, critical angle <60
standard tape dimensions.

UNIVERSITY OF TWENTE. 6




Transverse load (10 x 4 nfn

0g0e O ©0® g epe 0O .Q. o) .ﬁl. o) .Ei. B ®mo m w IC/ICO and n/ no at
T - ’ zero load after

o

applied load ¢ applied stress.

(] O @
foe o 2 o
e g°g g,ﬂ-g.u-g-n'g.gcg_z 5 ®

g
o

o
oo

Ic (F=0) after
applied load

@ S-Innovation (sample 1)
o S-Innovation (sample 2)
@ Fujikura (sample 1)

o Fujikura (sample 2)

® Shanghai (sample 1)

o Shanghai (sample 2)

n-value, n/n0 [A]
o
[=2]

@ S-Innovation (sample 1)
m S-Innovation (sample 2)
© Fujikura (sample 1)

@ Fujikura (sample 2)

© Shanghai (sample 1)

o Shanghai (sample 2)

400 600
transverse stress [MPa]

<
o
L
)
-
c
Q
e
|
=]
(]
©
L
L
=
s]
-
Q
=]
S
=
]
e

400 600
transverse stress [MPa]

Tape » i IMPQ]
Sinnovation > 900
Fujikurg 22-001209 400
SSCT, ST29085 750

UNIVERSITY OF TWENTE.



Single tapd, Cable cyclic

¢ mech. load load testing
testing Twente Press

Axial tensile Axial tensil_e & Transverse Winding Critical Inter tape
stress,|. & compressive anglel. & SrEree: Transverse contact
: Stresss; in. diam stiffnessd(F) :
mech. props. strain, |, & &, irr min. - | resistanceR.
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FE cable model
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Transverse load: Twente Cable Press

Load cell

Hydraulic cylinder

Guide plate wedge
(DIN1.2842,HRC60)

Superconducting coil

Sample

Back plate
Frame

Hinge point
L-yoke
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| (.5 meter

Threaded ends

Push rod
Sealed lead-through

Supporting tube
Wedge(mat:SS2140,HRC=60)
Needle roller strips

type: BF3020(INA)

Guide block wedge
(DIN1.2842,HRC=60)

Shaft (mat:Ti6AI4V +
5 um CrN hard coating)

L-yoke

Main shaft (mat:Ti6A14V
+ 5 um CrN hard coating)
Shaft sleeve: bronze +
PTFE/Pb coating.

C Hydraulic press b

C Sample length: 4
¢ Measuringl,, R, fok
displacement and AC™

on principle of lev
mechanism and Vv

temperatures: 4.2 a
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ACT COREICC Twente Press test sam

Cu keystone
SS support

/

tube
CORE€ cable used in ACT

OD of 7.04 mm (including
thin plastic tube) in groove
with 7.54 mm.

Advanced Conductor Technologies LLG Selected tapes (8) for critical current and

UNIVERSITY OF TWENTE. Inter-tape contact resistance measurements.



CORETwente Press AC

A 9,000 cycles successiéncreases
A (E=10mV/m), n-value (2221)

Ve

A lIrreversible degradation = critical load (CL):
A Both ACT sampleé3L~100kN/m.
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Subcableparameters

both samples
Tape Manufacturer SuperPower

SC Tapes 36
Tape width 4 mm
Tape thickness 63 mMm
Substrate thickness 50mM e o
Copper thickness 5mm - il e
Spacing 0.5 mm 3
Core Cu Rod g
Core OD 5.34mm § .

Strain window [-1.3%, 0.45%

g [
S15F
g™

v
< [
10 | |Layer 12 .
| | Tape #7
5 | *Measured at 0 load

2000 cycles
2500 cycles
3000 cycles
3500 cycles

Transverse load [KN/m]

T samples #1 &

Ic values

Under load

100 cycles*
500 cycles*
1000 cycles*
2000 cycles*

.. ACT sample #1
g

Layer 12 %:f

Tape #7 Y ¢

*Measured at 0 load Jd
‘e L

100 150 200 250 300
Transverse load [KN/m]

Ic values

V¥ Under load
500 cycles*
V¥ Under load after cycling

ACT sample #2
0‘."
V.,

v .
v
V.

100 150 200 "250 300
Transverse load [KN/m]



Twente Press ASIPP sample #1 & #3

Main parameters ASIPP

ASIPP CORC®-like (SS-Sp.), Tape 14.3

ASIPP Sultan # #3 #1 e et ariond cgoooooooofogesco
tape supplier SSTC SSTC ' e X ASIPP sample #3 ¢
Cu Core OD 4.0 mm 4.6 mm =20 > 2ok - o I ’
SC tape layer 16 22 2 - %0 kN/m S .i
2x3 Cu+ E 15 . ?gokll:lljur?m . E}_ | e s ® Tape 19.1
SC(2x4+3x8+4xX SC(2x4+3x7| [P s 120kMm - To e || © Tape 192
tape No. layer +4x2 Cu__ [4x11)+4x1 C| JERE * 160 kNm S :Egg o
tape No. 48 73 Wy ® Tape 6.1
winding angle 33.549° 36.556° ;
gap ~0.6 mm 0.4 mm
OD ~8.6 mm 9.6 mm T 0P ® S SPOSES PP
width 4 mm 4 mm Current [A] Load [kN/m]
thickness 0.1 mm 0.1 mm
lc @ 77K5 160-210 A 160-190 A ASIPP sample #3, degradation for 1 'OQOOD‘OOOOOQOOfOOOOQ‘OOQOOOOO o0

spiral at210kN/m (x6 =-126CkN/m)
e S0lid cored50 kNim (x6=2700kN/m).
Degradation ACT sample®0kN/m
< (x6 = 54&N/m).

Solid Cu core

<
o

ASIPP sample #1

<
o

Normalised Ic [-]
o
~

<
[N

- Main difference with ATC samples:
- : B A radius Cu profile matches to cable.
A No plastic tube around cable.

100 200 300 400 500 600 700
Transverse load [KN/m]
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mailto:Ic@77K,Self-field

ACT #1 & 2, ASIPP #1 &p&o, PressHd)

M:bending moment

r:bending radius

é( ¢ K S INBI S NJen'u"nsi’éréforcé WY
T YIff SNI ( KS KS = Odz Mﬂﬁ%‘ Sppg

: ]ggo 32 g gg ::;: ggg Cic g ;gg :::;: -B-500 Cycles @ 180 kN/m -B-50 Cycles @ 500 kN/m
7 o m-
® 1000co@ 110KNM © 500 cyo @250 kNI ® 500 cycles @ 120kNm @ 500 cycles @2700 kN/m| | manufacturer Fufiura [ oo s @ 210 hlin --400 Cycles @ €25 Kl
1000 cyc @ 140 kN/m & ycles @ m

"“"”"166"‘156”556” K. Wang, Y. Gao, W. Luo, Y. Zhou, A. Nijhuis, Nonllnear contact behavior of HTS tapes during pancake coiling anfl GORGu
B cabling Supercond Sci. Technol. 34 (2021) 075003 htipstéi 0rg/10.1088/1361-6668/abf710 o

Displacement [pzm]
Displacement [pm]

A Two stiffness regimeS; spacel/layer - sample| ACT #1| ACT #2 ASIPP #3 ASIPP #1
(Do G Do/ @NYt [mm] | 11.6 | 11.6 48 9.5
doead (N)-t [m] 5.0 6.3 31 17.0

UNIVERSITY OF TWENTE. 13



ACT cablegightly wound, less layers then ASIPP, Cu
groove and keystone have larger radius than cable
(stress concentratlon) Thin plastic tube around cable.

y ASIPP cablesnner Iayers withstands 8GKIN/m,
homogeneous contact.
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A Tighter wmding of tapes to reduce voids.
A Outer Cu (ASIPP) or plastic tube (ACT) for tape containment.
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Contact resistance resultf!.(F

300

Rc between L6&L1.2
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Measurement number [-]

A Contact resistance: initi&@, and after 3,000 cycles, 2 to 10 m in all conductors (under load).
A R.evolution with cycling in qualitative agreement (peak).
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Single tapd, Cable cyclic
¢ mech. load load testing
testing Twente Press

Axial tensile Axial tensile & Transverse Winding Critical Inter tape
stress,|. & compressive anglel. & SrEree: Transverse contact
: Stresss; min. diam stiffnessd(F) :
mech. props. strain, |, & g, irr : : 1.(P resistanceR.
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FE cable model
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Model validation ¢ experimental data

ACT single COR@xperiment with transverse anvil loading.

Parameters 1
Tapes 12 = 5_:0'9
Layers 6 %0.8 %o.a
Tape width 3 mm :goz §0.7
d-Tape 44mm goﬁ EO_S

d- Substrate 30mm g S
d-Copper 5nm 205 Sos
Gap spacing 0.5 mm 04 04

Core Cu/SS rod

e
w

200

200 300 400
Load [kN/m]

Load [kN/m]

Strain window [-1.3 %, 0.45 ¥

NCR = no current sharing between tapes.
PCR = perfect current sharing between tapes.

CORC® cable/wire

Good match irreversibility limits:
D.C. van der Laan et al, 2018 Supercond Sci Technol 32, mOdeI VerSUS experlment

DOI:10.1088/13656668/aae8bf
D.C. van dekaanet al 2019SupercondSci. Technol. 32 015002

D.C. van delaan private communication.
UNIVERSITY OF TWENTE:
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ASIPP CICC MD; Gagd and 10.5 mm

Gap spacing = 0.5 mm

Reducing gap reduces voids and bendinc
significantly improving performance.
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