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3 Outline

# Introduction:
@ Cable-in-Conduit Conductors (CICC)

® SULTAN test results
Russian federation conductors are the only Long Twist Pitch (LTP)
conductors with a T_ increase

# Strain state in a CICC.
@ Dominant stresses before Lorentz loading
@ Possible strain rearrangements when Lorentz force is cycled

# SULTAN samples deconstructed

@ Transverse movement, strain changes and T_ changes.

# The difference of the Russian strand.

# A hypothesis... To slip or not to slip...
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Presenter
Presentation Notes
Introduction to the SULTAN sample results emphasizing on the peculiar behavior of the Russian conductor….

Questions to ask?

What is similar about the STP and the Russian?

What is different about the Russian and all the other LTP conductors?


Strain state in an ITER CICC before Lorentzforced-oading

# Nb3Sn is very strain dependent ==
100 l
2 80 /\ ® /\
3 4 g [\
3 8
5 20 e
0 « T r 1
-0.4 0.2 0 0.2 0.4 e - -

-1'.2 1 0.8 -0.6 ﬂ4
Et%] [2] E (%) [3]

# Compression from the jacket is dominant
~640°C = 4.2 K

Average strain state:
between -0.4% to -0.6%

[2] Godeke, 2009 [3] Calzolaio 2014 [4] N. Mitchell, 2007, [5] Bajas, 2010. [3I4'5]
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Presenter
Presentation Notes
Getting people familiarized with the fact that everything is under significant compression from the Jacket


_1 Possible Strain re-Arrangements in a CICC After Electromagnetic Cycling
"7 (transverse) | Te—

Increase in
transverse

Lorentz force
direction

Voia fraction increase
between 33..and 7%

25 pm

Filament
Fractures

No contact
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Presenter
Presentation Notes
Introducing the effects of the Lorentz force in the transverse direction ONLY!!!


1 Possible Transverse Strain‘re-Arrangements in a CICC After EIectromagnetlc ff?
I Cychng . e,

25/pm — Y Filament

___—#—-.-: — _ Fractures

Contact point

No contact

Population, %

direction

Lorentz force

12 -1 0.8 0.6 -0.4 -0.2 a_}:m'a o
£ (%) Is that it!?

Only schematic, not an actual result from Calzolaio

............

Applied Superconductivity Conference - Student Paper Competition - SCLSG Metallography of ITER Conductors - Sanabria August 11,2014 6/18


Presenter
Presentation Notes
Tying Ciro’s results with my observations… Strain outliers which may not affect Tcs as much


Population, %

12 -1 -08 -06 04 -02 0 02 04 06
E (%)

Only schematic, not an actual result from Calzolaio Problems with longitudinal
movement

# The impact of this overall
shift on T_ should be larger
than the broadening of the
tails obtained by
transverse movement.

[6] A. Devred, 2012. [5] Bajas, 2010.

# Friction controlled longitudinal
movement may be an artifact of the
SULTAN testing [6].

Transverse cross
sections can’t

provide this )

Extremely difficult . .
information 0
to model
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Presenter
Presentation Notes
The overall shift should have a larger impact on Tcs degradation than the broadening of the tails obtained by transverse movement.


1 samples Studied
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Courtesy of A. Devred Cycles
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{ CS Short
d twist pitch

TF Long
twist pitch
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Presenter
Presentation Notes
The samples I have looked at


. 1 oF ramétérs to Look After

1) Change in T_?

Increase?

Decrease?

2) Transverse Movement?

g

g

8

®m Mo Cycles

™ Final Cycle

Average Strand Center
of Mass Offset, um

=

No?

4) Shifting of the £
Distribution?

Population, %

A2 -1 08 06 04 02 0 0 04 06
£im)

5) Broadening of the €
Distribution?

Population, %

A -1 08 056 04 B2 0 02 04 06
&%)
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Presenter
Presentation Notes
The different parameters we will be looking at in order to understand the problem


- »# CS Short Twist Pitch Conductor experiences only longitudinal effects= =/ e
CS.IA3 Fiort Veryll.nov:ll T:n::erse
- Twist Pitch -
ST st _ 600
: = £ W No Cycles
c 3
%E 400 M Final Cycle
L0
» 2
T I %E 200
ncrease g% B ~75um
cs E 0 Sanabria
Calzolaio = No Cycles # Jacket slippage?
M Final Cycle

Population, %

[3] Calzolaio 2014 (for CSJAS
with identical configuration)

-1.2 -1 -08 -06 -

04 02 0 0.2
E (%)

Reduced
compression

" small broadening

# Given the tight

entanglement of this

sample | propose YES!

10/18
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Presenter
Presentation Notes
CSJA3 results (although CSJA5 is shown from Ciro) hinting us that jacket slippage is beneficial… Must emphasize on the fact that separating the strands was extremely difficult even after testng.


longitudinal effects

1 Russian Conductor experiences transverse effects and beneficial

TF RF4 Long Twist ngh Transyerse Cracks
Movement
P 0 p—
- W No Cycles
= ,
% E:‘ 400 M Final Cycle
55
E;E 200
T Increase 35 ¢ ~ 550 um
- % Sanabria
Calzolaio m No Cycles + Beneficial jacket
M Final Cycle slippage
=
S 2
3 Significant
3 Broadening + Detrimental
transverse movement
Reduced
12 -1 08 06 -04 -{I-.I 0 02 04 06 compression due to IaCk Of
with enticalconfguration) entanglement (LTP)
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Presenter
Presentation Notes
TFRF4 results (although TFRF3 is shown from Ciro). It seems like this sample also has the benefit of jacket slippage


1 Other LTP. Conductors experience transverse effects and detrimental ({{,ZP.;
| longitudinal effects - - e
TFEUS Long Twist Moderate Transverse

Movement

g

W No Cycles

| M Final Cycle

8

8

T Decrease N/A ~ 300 um

Average Strand Center
of Mass Offset, um

=]

Sanabria

Calzolaio 2 No Cycles + Detrimental longitudinal
movement?

=

3 Increased

8 compression .

g # Detrimental transverse

Significant movement due to lack
S us 95 oi 32 o o2 o+ o Broadening of entanglement (LTP)

[3] Calzolaio 2014 (for TFEU9 £ (%]
with identical configuration)
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Presenter
Presentation Notes
TFEU5 results (although TFEU9 is shown) Why is jacket slippage not working in this case?


# The STP sample hinted us that jacket slippage is beneficial.

W No Cycles

M Final Cycle

Behaves like a single unit
therefore a compression
decrease should come from
the jacket

Population, %

12 <1 0B 06 04 02 O 0T 04 05
Ll

# But jacke;chlippage is known to happen in LTP conductors as well.

There was less residual strain in the

|t jacket of the High Field Zone than the
Low Field Zone [6,7,8].

1.10

[6] Nabara, 2012. [7] Hemmi, 2013. [8] March, 2013.

#What is counteracting the |
- - f E Evid f
effects of jacket slippage in |; = ket
Al i , : l h
LTP conductors?! L T eenound

Could it be happening within the strands?
August 11,2014 13/18
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Presenter
Presentation Notes
CSJA3 taught us that jacket slippage is real, and beneficial!  But every deconstruction of LTP conductors (or any twist pitch for that matter) has shown evidence of low residual strain (i.e. the jacket slipped) in the HFZ… so why is that jacket slippage not benefiting the LTP conductors???????

Here I could hint the audience that I believe something may be happening within the strands…
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Presenter
Presentation Notes
The ONE difference about the RF strand… a very rough, and thicker chromium plating


1 The Russian strand*has*a much rougher surface than any

other ITER strand

# Using an open source software [9] a surface roughness parameter [10] was obtained.

0.60
0.50
0.40

= 030

0.20
u.m-iill
1 2 3 4 6

| 17 pm
o

Mean Squared Value
(R

Surface Roughness Root
e
8

-0 um

[9] http://sourceforge.net/projects/gwyddion/?source=dlp Strand 5 = CSJA3
[10] D. Whitehouse, 2002. Strand 7 = TFEU5
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Presenter
Presentation Notes
Surface roughness parameters measured via SLCM 3D images of the strand’s surface.

http://sourceforge.net/projects/gwyddion/?source=dlp
http://sourceforge.net/projects/gwyddion/?source=dlp

5 Slip & Lock Hypothesis

W No Cycles

| ® Final Cycle

Popuilation, %

1.2 -1 08 -06 04 -02 D 02 04 06
E %]

# Consider a single strand with
two contact (pivot) points

If there is NO inter-strand slip

e, tension

compression

*

Lorentz force
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# The surface roughness differences
suggest a possible mechanism that
originates at the contact points.

Slip & Lock mechanism
enabled by a low surface
roughness

compression

*

Lorentz force

compression
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Presenter
Presentation Notes
Remember I said


"I conclusion

«Facts:

@ Transverse movement is not the main degradation
mechanism.

® Jacket slippage (i.e. compression relief) is beneficial.

® There is a secondary mechanism which degrades LTP
conductors.

@ The RF strand has a significantly higher Cr surface
roughness.

+Hypotheses:

@ Aslip & lock mechanism seems to be responsible for the
degradation of LTP conductors.

@ This deleterious mechanism could be prevented by
increasing the surface roughness of the strands.
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Fig, 6. Jacket strain relaxation of the two TFELIG legs after test in SULTAN,

cutting by spark erosion, and removal of the cable bundle, Presented strain is

the average of four gauges at each location.
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