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• ��6���� m! Flux-jump instability at low field 
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“Baseline” Strand
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With these parameters the over-compaction of 
the insulated cable in the coil 
#���	���	��������	�� tooling has been eliminated
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Wire diameter 0.85 mm increase from 0.778 mm

No. of strands 40 increase from 35
Width: 18.25 mm increase from 14.8 mm

Thickness: 1.50 mm increase from 1.38 mm

LARP DOE Review July 09-10, 2012 Conductor and Cable  - A. Ghosh 19

Thickness: 1.50 mm increase from 1.38 mm

Keystone angle 0.65 deg decrease from 0.75 deg
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RRP  Wire
1650 kg

FY09
225 kg
108/127

FY10
695 kg
108/127

FY11
400 kg
108/127

FY12
150 kg
108/127

CDP 
FY10 
180 kg 

108/127

Strand lead time is 15 months
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108/127 108/127 108/127 108/127108/127

� OST is currently producing ~ 1200 kg/month of Nb3Sn

� LARP production is in parallel with ITER wire production

� ITER production will continue for the next 12-18 months
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Present Inventory HQ and LHQ

150 mm 
Prototype
0.85 mm

July 2012

July 2012

Jan 2015

Feb 2014

Ta-Ternary, 0.778 mm370 kg

250 kg Ta-Ternary, 1.074 mm

400 kg Ti-Ternary, 0.778 mmDec 2012

500 kg

35 kg Ta-Ternary, 0.85 mm

1200 kg

Ti-Ternary, 0.85 mm

150 mm SM

150 kg
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R&D on RRP-217 
stack - CDP

CERN 1.0 mm 50 mm 
wire for FRESCA-II

Pre-production  2016 +

CERN 0.7 mm,  45 mm
DS-11T Dipole

Decision on strand design

OST 150/169

Bruker PIT 192/217

Qualification order 169 or 
217 stack RRP wire

1200 kg

Bruker PIT 114/127

OST 108/127

From Luca 
Bottura 

100 kg
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• 1st Trial ~ 30 m of 15 mm wide cable using three different lay pitch

• Thickness measured at LBNL, using dry 10-stacks
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• Plan is to insulate another HQ unit length and 2 
unit lengths of cable for the first two practice 
coils for LHQ, cable unit length ~ 320 m.

– Capture braiding process and QA checks at 
vendor to ensure a good and reproducible 
product.
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1. Nomenclature

2. Conductor PL histogram
3. Ti-Ternary vs. Ta-Ternary (3 slides)

4. Strand Inventory and Usage

5. Impact of higher copper content on HQ Short sample Limit
6. TQM03 Test at FNAL
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6. TQM03 Test at FNAL

7. Magnetization of 54/61 and 108/127

8. Low-field Instability
9. Insulation thickness comparison
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• RRP® Re-Stack Rod Process

• Ic Critical current usually quoted at 12 T, 4.2 K, A
• Jc Critical current density over the non-Cu area, A/mm2

• Is, Js Low-field Stability current, current density, A, A/mm2

• d filament diameter ~ sub-element diameter, mm
• RRR Residual Resistance Ratio of the Cu-matrix R(295K)/R(18K)

• Iq Quench current , can be > = or < than Ic, A
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• Iq Quench current , can be > = or < than Ic, A

• C Volumetric Heat Capacity , J/m3-K
• V-I Set field then ramp current till wire quenches

• V-H Set current at zero field then ramp field 

• UL Length of cable required for a magnet coil

• emax applied strain for maximum Ic in Ic-strain measurements

• eirr applied strain when Ic degrades irreversibly

• PF, PF1 Overall packing factor , minor edge packing factor
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20
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Mean: 1674
Std.Dev: 1569
96 Total points

> 550 m 98%
>1000 m 86%
>3000 m 37%
>5000 m 18%

158 km of wire
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In tension, Ti-doped Nb3Sn wire more strain tolerant than 
Ta-doped
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(a)
Ta-doped RRP Nb

3
Sn wire

40

Strain cycling at room temperature at a 
strain of 0.3 % (~ emax at 4 K) causes

(a) a noticeable degradation of Ic ~ 17% 
(with a small shift of emax), 

(b) a drastic depression of the n-value 
in the Ta-doped RRP wire.
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(b)

Room-temperature strain 
cycling of the Ti-doped wire at 
a strain of 0.3 % (~ emax at 4 K) 
was not only safe, but caused 
an increase in 
(a) Ic ~ 5.4% (with a small shift 

of emax)
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Influence of Ta and Ti doping on the irreversible s train 
limit of ternary Nb3Sn superconducting wires made w ith 
restacked-rod process*
N. Cheggour, L. F. Goodrich, T. C. Stauffer , J. D. Splett , 
and X.F. Lu, A. K. Ghosh, G. Ambrosio
Supercond. Sci. and Tech., 20, (2010)

<���������	������	�����
�/E��	�������@� ?���&	���!����
��������)�����������

30

35

40

0 0.1 0.2 0.3 0.4 0.5

First curve: Sample loaded
Sample unloaded
After 10 strain cycles at RT
Sample unloaded

n-
va

lu
e 

(d
im

en
si

on
le

ss
)

Applied Strain, e (%)

T = 4 K
B = 16 T

First Curve

After 10 cycles at RT at e = 0.30%

(b)of emax)

(b) n-value.




�	����������
	������� ���
�	����������
	������� ���

;�)����	����##	�	����
������������������#���
����	����#�'K.

;C���)�������#�
�D��
���)����&	������
��##	�	�����	���������
�������#���2���	����#�
'K.

; K.
 H�
�!�K.E

Month

108/127 
Delivery, 

kg Coil ID Cable ID
Strand 

Req.  kg 

Cable 
Unit 

Lengths

108/127 
0.778mm  

kg

Ti-108/127 
0.778 mm  

kg

108/127 
1.074 mm  

kg
Jun-11 130 90
Jul-11 130 90
Aug-11 HQ1 C15-C16 B1020Z 80 4 50 90
Sep-11 115 165 90
Oct-11 165 90

Nov-11
HQ1 C17, C19, 

C20 B1021Z 89 5 76 90
Dec-11 76 90
Jan-12 76 90

Feb-12 125 HQ1-C18 B1024Z 90 5 201 0

Mar-12 132 LHQ-PC01 B1025Z 60 1 273 0
Apr-12 57 330 0
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; K.
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�)����!�����H��2�3%

;
�<'��#�:.S9�1�!�
����������H�

��3%

Apr-12 57 330 0
May-12 LHQ-PC02 B1032Z 60 1 270 0

Jun-12 100 370 0 80
Jul-12 25 LHQ-PC03 60 1 335 0 249
Aug-12 LHQ-PC04 60 2 275 0 249
Sep-12 LHQ-C05/06 120 2 155 0 249

Oct-12 280 LHQ-C07/08 120 2 35 280
Nov-12 35 280
Dec-12 120 LHQ-C09/C10 120 2 35 280
Jan-13 35 280
Feb-13 LHQ-C11/C12 120 2 35 160
Mar-13 LHQ-C15/C16 120 2 35 40
Apr-13 35 40
May-13 35 40
Jun-13 35 40
Jul-13
Aug-13
Sep-13
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RRP-108/127 Extracted
Strand

Loadline

RRP-54/61 Extracted
Strand

C01, C02 
54/61
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0.7 mm RRP 54/61
d ~ 70 µm Jc(12T)~ 2700 A/mm2  

RRR ~ 5
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