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Workshop Objectives: 

• To begin the process of developing several 
suppliers of chromium-plating services for the 
superconductor strand industry 

• To let Plating Firms represented here know what is 
unique about superconducting strand and why we 
chromium-coat it 

• To introduce the Projects that will use the 
chromium-coated strand 

• To explain the opportunities that these Projects 
create for the metal-finishing industry 

• To introduce a continuous strand-plating method 
and equipment developed at LLNL 

• To explain the Quality Assurance requirements 
that the Projects will apply to the chromium 
coating and the coating process 

• To get industry feedback 

SMH/llnl/12.13.94/corr/12.15.94 
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Industry Participation Workshop on 
Chromium Plating of Superconducting strand 

Executive Summary 
Jay Jayakumar 

The workshop was organized by Lawrence Livermore National 
Laboratory (LLNL) at the direction of the Department of Energy. The 
participants consisted of electroplating vendors, ITER and TPX project 
personnel from Department of Energy (DoE), LLNL and 
Massachussetts Institute of Technology (MIT) and Sandia National 
Laboratory. Twelve participants from 9 plating companies and about 
12 members from the national laboratories and 2 from Department 
of Energy attended. 

The primary objective of the workshop was to inform U.S. 
plating vendors about the opportunity to participate in the effort on 
Cr plating of large quantities of superconducting wires required for 
the ITER and the TPX projects and DoE's interest in developing 
several reliable and high quality suppliers of Chromium plating 
services for the superconducting strand industry. The objective was 
also to inform plating vendors about the Cr plating technolgy 
developed in LLNL and invite interested plating vendors to get the 
technology. Finally the workshop was intended to inform the plating 
vendors about the plan to get verification of capability of two to four 
vendors for Cr plating of superconducting strands. 

Steve Hibbs presented the objectives of the workshop at the 
beginning. Marvin Cohen and David Larbalestier presented 
programmatic, adminstrative and technical details of the ITER and 
TPX Tokamak projects and explained the need for Cr plating on 
superconducting strands. David Larbalestier and Steve Hibbs 
presented the technical and quantity requirements for plated 
strands. The large quantity ( up to 85000 km) and the high quality 
requirements were emphasized. All the speakers emphasized the 
need to minimize the risk of wire breakage, since unlike conventional 
plating needs, the substrate of superconducting strands is very 
expensive and the application can only use long lengths of wire. 

Chris Steffani presented the LLNL credentials in metal finishing 
and explained the Cr plating method and equipment developed and 
being developed in LLNL. He stated that the process and equipment 



appear to give satisfactory coating and is suitable for large volume of 
through put. He gave the details of bath chemistry, plating 
parameters and their control, equipment required and the wire 
handling mechanism under fabrication for handling wire on a large 
spool. 

Bob Randall discussed in detail, quality requirements and 
practices needed for Cr plating of superconducting wire. He 
emphasized the need for careful handling of wire, constancy of 
plating parameters, plating thickness monitoring and control, need 
for emergency procedures and administration of quality control data, 
and identification, storage and shipment of spools. 

Jay Jayakumar presented parameters and methods for testing 
plating quality and presented data to show that the LLNL plating 
process meets the quality requirements. Art Pontau presented 
results of PIXE and SIMS investigations on impurity analysis of the 
stabilizer copper to determine correlation with measured values of 
Residual Resistivity Ratio, which is apparently lowered (resistivity 
increased) because of diffusion of impurity from the plate to the 
copper. The results indicate a complex mechanism which requires 
more study. 

Jay Jayakumar and Steve Hibbs presented plans for technology 
transfer of LLNL plating process and verification of the capability of 
interested plating vendors both in terms of ability to produce Cr 
plating on long lengths of wire and satsifying quality assurance, EPA 
and OSHA requirements. Jay Jayakumar emphasized that the process 
is that of verification of capability and not qualification of the 
interested vendor. The plating firms will then be able to compete 
during the procurement phase. It was indicated that final plating 
procurement will probably be carried out by superconducting wire 
manufacturing subcontractors and not by the laboratories directly. It 
was emphasized that the verification process does not necessarily 
have to be based on LLNL process or equipment and vendors may 
use their own methods. However, for the verification the EPA, OSHA 
and QA performance of the factory will be evaluated. 

It was made known that a demonstrationof the LLNL process 
and equipment will occur at the end of February, followed by efforts 
to verify the capability of interested, participating plating vendors. 
During the verification process, LLNL equipment, if needed, will be 
brought to a vendor's site. It was emphasized that the technology 



transfer process is an open process where any interested vendor can 
participate and that no potential or intrinsic patentable information 
is involved. 

Steve Hibbs stated that a CBD announcement will be made 
regarding the demonstration and in the same announcement plating 
vendors will be invited to submit an expression of interest in 
participating in the technology transfer and capability verification 
program along with a statement of their capability with QA, EPA, and 
OSHA procedures in place. 

The final session consisted of discussions moderated by David 
Larbalestier. The discussion was structured to address (a) issues and 
concerns of the plating vendors (b) those of wire manufacturers. 

Most of the plating vendors expressed the view that getting a 
good quality plating satisfying thickness, uniformity and smoothness 
requirements, is not difficult. However, Mr. Peger indicated that 
there are several details that would require to be taken care of and 
will require a learning period. 

All the plating vendors were concerned that the RRR of the 
stabilizer Copper might not be under their control, particularly since 
the mechanism for RRR degradation was not understood and may 
simply be diffusion of Cr into Copper under the specific heat 
treatment conditions. Hence it was agreed that initially RRR 
requirement will not be set as a quality criterion for the plating and 
will remain that way unless it is shown that RRR degradation is 
related to plating process and the correct process is identified. 

The concerns of the wire manufacturers related to preventing 
wire breakage. All plating vendors expressed understanding of the 
need for care in wire handling and prevention of wire breaks and 
wanted to learn more about the appropriate procedures based on 
experience. Bob Randall and Jay Jayakumar have felt that since the 
wire manufacturers have considerable experience in wire handling, a 
close cooperation between plating vendors and wire manufacturers 
could eliminate the risk of wire breakage. One of the plating vendors 
suggested the possibility of teaming arrangement. 

Wire manufacturers and the laboratory representatives 
expressed the necessity of being able to go into the plating factory, 



inspect plating conditions and in general monitor quality practices. 
Indeed, this is a quality assurance requirement of the TPX Project. 

Overall, the workshop achieved its objectives and the 
interaction between a significant number of plating vendors and the 
agencies involved with superconducting wire procurement for ITER 
and TPX, has begun. At the conclusion of the meeting, many plating 
vendors expressed keen desire to participate in the program. 
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AGENDA 

8:30 Welcome, Introductions, and Objectives S. Hibbs 

8:45 Introductory comments M. Cohen 

9:00 The requirement for chromium plating D. Larbalestier 
of superconductor strand 

9:30 ITER and TPX Requirements for chromium S. Hibbs 

plated superconductor strand 

9:45 The LLNL plating process and equipment C. Steffani 

10:15 Break 

10:30 Quality Assurance requirements R. Randall 

11:15 Testing and evaluation of the chromium coating R. Jayakumar 

A. Pontau 

12:00 Lunch 

1:00 Technology transfer and Plating Firm development R. Jayakumar 

1:30 Establishing plating firm capability, and a strawman S. Hibbs 
business arrangment 

2:00 Discussion and comments from plating industry All 
representatives and strand manufacturers 
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WHY IS SUPERCONDUCTOR STRAND 
CHROMIUM PLATED? 

DAVID LARB ALESTIER 

University of Wisconsin 

Lawrence Livermore National Laboratory 

Industrial Participation Chromium Plating 
Workshop 

LLNL December 13,1994 
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CHROMIUM PLATE 

WHAT? 

2 fim (+0.5 f4,m, - 0.0 [im) thick coating on the 
superconductor strand for ITER 

1 jim (+/-0.5 jam) for TPX 

WHY? 

To increase the resistance between strands of 
superconductor, i.e. decrease transconductance 

HOW? 

Electroplate Cr onto the superconductor strand 

"This may be the gnat's whisker on the elephant's 
back, but it is a vital gnat's whisker!!!" 

Agenda v.12/8 



ITER 
Strand Grades Specifications for 

Critical Current and Hysteresis Loss 

Grade 

Jc 

(12T, 4.2K, O.lAiV/cm, ea p p l i e d=0) 
based on Non-Cu volume 

(A/mm2) 

Hysteresis Loss for ±3T cycle 

based on Non-Cu volume 
(mj/cm3) 

High 
Performance 1 

(HP-1) ;> 700 <;600 
High 

Performance 2 
(HP-2) £550 <;200 



MORE DETAILED SPECIFICATIONS (ITER) 

Adhesion specification: 

The Cr plate shall show no flaking under repeated 
plastic bending of the unreacted Nb3Sn strand 

Conductivity specification: 

The plating process must not compromise the high 
conductivity of the high purity copper constituents 
of the superconducting strand. This requirement 
can be expressed absolutely or by a ratio 
measurement: 

Cu resistivity after reaction <0.2 nQm 
RRR (residual resistance ratio R273I^R2OK) >100 

TPX SPECIFICATIONS ARE A LITTLE LESS 
STRICT BUT VERY COMPARABLE 

Agenda v.12/8 



INTERACTION ISSUES 

SUPERCONDUCTOR STRAND IS HEAT 
TREATED 

typical heat treatment requires a soak at 
660°C for 240 hr. 

interdiffusion of Cr and other unknown 
components of the plate or the plating process can 
degrade the resistivity of the high purity Cu in the 
superconductor strand 

QUALITY CONTROL IS PARAMOUNT 

The strand looks like Cu but it is much more 
complex: expensive, very tightly specified, hard to 
manufacture, long lead time fabrication and crucial 
to the TOKAMAK performance 

QUALITY CONTROL HAS MANY ASPECTS 

Control of solutions and other potential 
contamination sources 

Thickness control 

Ability to handle long lengths without breakage 

Agenda v.12/8 



SUMMARY 

Chromium plating is vital to the ITER and TPX 
projects. 

We seek your participation and help. 
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ITER and TPX Needs for Chromium-Plated 
Superconductor Strand 

Industry Participation Workshop: 
Chromium Electroplating of Superconductor Strand 

Lawrence Livermore National Laboratory 

U 
Presented by 

Stephen M. Hibbs 
Applied Superconductivity Group 

Lawrence Livermore National Laboratory 

December 13,1994 

This work was performed under the auspices of the U.S. Department of Energy by 
Lawrence Livermore National Laboratory under contract number W-7405-ENG-48. 



The Projects have different Cr coating requirements: 

Tokamak Physics Experiment = T P X 

• Chromium coating on strand for TPX is 1.0 (xm ± 0.5 jum thick 

International Thermonuclear Experimental Reactor = I T E R 

• Chromium coating on strand for ITER is 2.0 jam + 0.5/-0.0 jam thick 

SMH/l!nl/12.13.94 



Chrome Coating Production Capacity Requirements 

Strand for: 
Total 

Qt'y of Strand 
Approx. 

Beginning Time 
Approx. 

Time Span 
Approx. Average 
Production Rate 

ITER Model Coil, 
U. S. Share, Part 1 

1.2 Million ft 
(370 km) 

January 1995 8mos. 150,000 ft/mo 
(46 km/mo) 

ITER Model Coil, 
U. S. Share, Part 2 

3.9 Million ft. 
(1,200 km) 

September 1995 12 mos. 330,000 ft/mo 
(100 km/mo) 

ITER Prod'n. Coils, 
U, S. Share, S/C 

300 Million ft 
(91,000 km) 

1998 5 years 5.0 Milllion ft/mo 
(1,500 km/mo) 

ITER Prod'n. Coils, 
U. S. Share, Copper 

100 Million ft 
(30,000 km) 

1998 5 years 1.7 Milllion ft/mo 
(500 km/mo) 

TPX Prototype & 
Production 

42 Million ft 
(13,000 km) 

February 1996 3 years 1.5 Million ft/mo 
(470 km/mo) 

Combined 447 Million ft 
(85,000 km) 

January 1995 8 years 

SMH/llnl/12.13.94/corr/12.15.94 



Chrome Coating Production Capacity Requirements m 
8,000,000 • 

tra
 

(/> 

£ 7,000,000 -
p 
•a 
e: «$ 

6,000,000-
H 
H-< 
M-4 
O 

on
th

 

5,000,000 • 

on
th

 

£ 
•53 
4> 4,000,000 • 
a? 

«»-» rt 
& 

Ci 3,000,000-
»»H 
• M 
PS 
o (J 

2,000,000-
o M 

-S3 
u 
8P 1,000,000 • 
J-I 
0> 
> 

<* r̂  
1995 1996 1997 1998 1999 

Calendar Year 
2000 2001 2002 

SMH/Unl/12.13.94/corr/12.15.94 



PRESENTATION 

BY 

CHRIS STEFFANI 
LAWRENCE LIVERMORE NATIONAL LABORATORY 



Chromium Plating 
Superconductor Wire 

Chris Steffani 
Supervisor 

Metal Finishing Facility 
Manufacturing & Materials Fabrication Division 

December 13,1994 



OVERVIEW 

Plating Chemistry 

Wire Transport Design 

Best Approach for Production 

CPS: 2 



INTRODUCTION _ H 

LLNL has over 30 years of plating experience 

I have been in plating business for 18 + years 

LLNL has been coating wires for 10 + years 

Spool plating is a simple task jJH 

Maintaining coating quality requires QA/QC 

CPS: 



PLATING CHEMISTRY Q 

Cr03 Concentration 
- 240 gm / liter (32 oz / gal) 

H2SO4 Concentration 
- 2 . 4 gm / liter (0.32 oz / gal) 

Temperature 
- 85 degrees centigrade (185 degrees F) 

Agitation 
- Air 

Anodes 
- 94% lead - 7% antimony 

CPS: 4 



COATING QUALITY ASSURANCE Hi 

Solution operating parameters are controlled 

Time in solution is controlled 

Current density is controlled 

Wire tension is limited 

Wire cleanliness is monitored 

CPS: 5 



WIRE TRANSPORT DESIGN [g 

Requirements: 
Simple operation 
Stable over long run times 
Accurate motor and current control 

Equipment: 
2 = DC stalling motors, 30 inch pounds maximum torque 
1 = DC gear motor and control, 0 - 50 RPM 
1 = Frame and contact roller assembly 
1 = Motor control and tachometer assembly 
1 = Constant current DC power supply 

CPS: 6 
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top view 

DC torque motor D C t o r q u e m o t o r 

drive motor m o t o r control \ 

t level winder 
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CONCLUSIONS 

• Wire plating is possible with LLNL system 

• Fixtures and process are reproducible 

• Plating QC must be followed for uniformity 
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QUALITY ASSURANCE 

1. WHAT IS QUALITY ASSURANCE? 

2. PLATING 

3. WIRE HANDLING 

4. ADMINISTRATION 

5. GOOD PRACTICES 

12/13/94 LLNL Plating -2 



WHAT IS QUALITY ASSURANCE ? 

TOTAL EFFORT BY 

EVERYONE 

1. WHEN DOES IT START ? N O W 

2. WHAT DOES IT COVER ? EVERYTHING 

3. WHEN DOES IT END ? NEVER 

12/13/94 LLNL Plating -3 



PLATING PROCESS 

1. PLATING BATH 

MAINTENANCE OF COMPOSITION 

MEASUREMENT RECORDS 

PURIFICATION FREQUENCY 

ANODES 

TEMPERATURE 
CONTROL RECORDS 

TANK 

NOTE: A 20,000 FOOT LENGTH HAS AN AREA OF 

-167 SQUARE FT 

AND REQUIRES -1/2 LB OF CHROMIUM (ITER) 



PLATING PROCESS CONT'D 

2. POWER SUPPLY & CONTACTS 

RIPPLE 

CONTROLS METERS RECORDS 

CURRENT 

VOLTAGE 

3. WIRE SPEED TIME IN BATH 

4. RINSE WATER PURITY 

5. WIRE DRYING 

6. PLATING THICKNESS MEASUREMENT AND CONTROL 

MEASUREMENT 

USE OF LASER MICROMETER 

START OF RUN 

END OF RUN 

CONFIRM THCKNESS vs CONDITIONS 

12/13/94 LLNL Plating -4 



Laser Micrometers 

LaserMike Model 183B-100 

Resolution ±0.3 urn 

Scan Rate 100 Scans/sec (2 sec averaged) 

Readings/cm @ 200ft/min = ~1 
(200 values averaged in 2 sec. represents ~2 m) 

LaserMike Model 162-100 

Resolution +0.3 urn 

Scan Rate 666 Scans/sec (2 sec averaged) 

Readings/cm @ 200ft/min = ~7 
(1332 values averaged in 2 sec) 

Specifications apply at 2 seconds scans averaged 



WIRE HANDLING 

1. INSPECT WIRE AND SPOOL 

WIRE IS FREE FROM RESIDUAL LUBRICANT 

SPOOL IS UNDAMAGED 

2. NORMAL PROCEDURE 

MAINTAIN MINIMUM TENSION MEASURE 

PROVIDE SUFFICIENT GUIDES 

CHECK BEARINGS REGULARLY 

CHECK FOR WEAR REGULARLY 

MAINTAIN BRAKE ON PAY-OFF 

MAINTAIN NO-SLIP CONDITION ON CAPSTAN 

MAINTAIN LEVEL WIND ON TAKE-UP SPOOL 

BE SURE WIRE IS CLEAN & DRY ON SPOOL 

UTILIZE FOOTAGE COUNTER RECORD 

3. EMERGENCY PROCEDURE 

POWER FAILURE, PLATING FAILURE, ETC. 

REMOVE AND RINSE WIRE 

12/13/94 LLNL Plating -5 



ID Dia. (in) UTLoad (lb) UTS (KSI) EIong% (8"GL) 

M .033 54 63 2.5 

D .030 (CrP) 45 64 3.7 

F 

T 

.031 (Cr) 51 

51 

68 

63 

2.1 

4 

F 

T .032 (Cr) 

51 

51 

68 

63 

2.1 

4 

L .032 58 72 3.6 



ADMINISTRATION 

1. MAINTAIN ORDER/SPOOL CONNECTION 

2. STORE SEPARATELY. 

3. MEASURE INCOMING WIRE DIA, IN SPEC? 

4. MAINTAIN IDENTITY FROM PAYOFF TO TAKE-UP SPOOL 

5. PROTECT PLATED WIRE 

BEFORE SHIPMENT 

DURING SHIPMENT 

6. INSURE SHIPMENT/SPOOL IDENTITY MAINTAINED. 

12/13/94 LLNL Plating -6 



GOOD PRACTICES 

YES NO 

YES 

NO 

TRAVERSE 
GUIDE ROLL 

KEEP GUIDE ROLL AS 
CLOSE AS POSSIBLE 
TO TAKE-UP 

12/13/94 LLNL PLATING 7 



EXAMPLE OF A CR PLATE (FICTITIOUS PLATER) 

Analysis: 

Glow Discharge Mass Spectroscopy (wtppm) 
High sensitivity, accuracy: +/- 30% for Z > O. 
One test gives a read-out of about 75 elements 

l i 0 .048 Light element results 
B 0.59 ( Z < F) are only indicative 
C 3 0 
N 8 
O 5 5 0 

Na 4.6 Mo 7.0 
Mg 0 .36 Ag 6 5 
Al 1.6 Cd <1 
Si 4.9 Sn 0.7 
P 3.8 Sb 165( 
S 3 4 0 W 0.8 
a 2.0 Pb 6.9 
K 1 4 Bi 0 .18 
Ca 1.3 
Ti 1 1 
V 0.16 
Mn 0.17 
Fe 5.2 
Co 0 .03 
M 0.45 
Cu 2.6 
Zn 0.5 
As 5 0 
Se <1 
Zr 3.5 

Concentrations of other elements are insignificant. 



EXAMPLE OF Cr PLATE ANALYSIS 
(FICTITIOUS PLATER) 

LIGHT ELEMENTS (LEECO) 

Element wtppm Element wtppm 

H 450 F <5 
Li <5 Na 5 
Be <5 Mg <5 
B <5 Al <5 
C 40 Si 32 
N 130 P <20 
O 3100 S 260 

CI <5 



PRESENTATION 

BY 

JAYJAYAKUMAR 
LAWRENCE LIVERMORE NATIONAL LABORATORY 



Jay Jayakumar 
Applied Superconductivity Program 

Lawrence Livermore National Laboratory 

Workshop on Electroplating of Superconducting Wires 

12/13/94 



• Characteristics related to requirements: 

- Plating Thickness : (a) By calculations using Electrolysis equations-
Global Average 

(b) By weight, weigh before and after (Quartz 
Crystal microbalance) -

average over sample length 
(c) By Laser Micrometry - one direction 
(b) By micrograph of polished cross section - local 

- Surface finish: Profilometry - Feeler probe (stylus) riding on the 
surface, circumferential or longitudinal 

- Bend Test: Bend wire at a radius of 3mm and inspect under 
microscope - No flaking 

- Residual Resistivity (RR) & Ratio (RRR): (After Heat Treatment) 
Wire sample cooled and resistance measured 
with 4 probes as a function of temperature. 
Resistance at 20 K is measured to get RR (20K) 
and RRR (4K) obtained by extrapolation. 



Characteristics of LLNL Plating: 

- Plating thickness obtained by micrograph - Plating conditions adjusted to 
obtain right thickness; For the process being recommended, 
circumferential uniformity - 2% 

Plating thickness obtained by weighing and calculations agree with above to 
10%. 

- Smoothness : Determined by surface smoothness before plating 

- Bend Test: Passes Bend Test 

- RRR (Measured by Battelle) (Before Heat Treatment RRR -500) 

Nominal Heat treatment -120 
Aggressive Heat Treatment - 90 
Prolonged Heat Treatment - 60 

Within limits, the process satisfies RRR needs. 



Other tests related to R&D ( FYI - Not part of the tech transfer): 

- Impurities and impurity profile in the wire to determine cause of RRR 
degradation and prevention - PIXE ( Positron Induced X ray Emission) 
(Sandia), SIMS (Secondary Ion Microscopy) (Sandia), Analytical 
Chemical analysis of etched sample of Cr or Copper (MIT). 

- Optimization of heat treatment and RRR recovery through reheat treating 
(Battelle) 

- Interstrand resistance in cables and relationship to Cr plate - AC losses and 
current sharing among strands. 



PIXE and SIMS provide quantitative trace 
element analysis for contaminant studies 

•PIXE (Particle-Induced X-ray Emission) 

Si(Ll) 
detector 

2-4 MeV/nucleon 

Measure characteristic x-rays 
produced from inner shell excitation 

v Elemental spatial maps 

low energy ions 

Measure mass-to-charge ratio of 
ejected secondary ions 

Impurity content as a function of 
sputtering depth 

SIMS (Secondary Ion Mass Spectrometry) 

mass 
spectrometer 

J 

• PIXE and SIMS show diffusion 
profiles for Cr 

• 20-30 ppm Cr levels were 
measured in low RRR samples 

• < 10 ppm Cr levels were 
measured in high RRR samples 

• SIMS shows localized 
concentrations of high 
Cr and Fe 
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Technology Transfer and Verification "^ 

Jay Jayakumar 
Applied Superconductivity Program 

Lawrence Livermore National Laboratory 

Workshop on Electroplating of Superconducting Wires 

12/13/94 



Principles: 

• LLNL Cr Plating Technology for wires is available to any US company; 
If you know of any company that is interested in this technology, please ask 
them to contact Jack Dini, Chris Steffani or Jay Jayakumar at LLNL for 
getting the details of the technology. 

• This technology transfer will increase competitiveness not only for 
superconducting wire plating but for general plating market. 

• DOE is interested in developing multiple sources for plating of 
superconducting wire and the sources must satisfy QA, EPA and OSHA 
requirements of DOE. 

• The present LLNL Cr plating process being considered for technology 
transfer and (pre)qualification is not patentable. No patentable principles, 
processes and equipments are involved. 

• The tech transfer / qualification does not address any procurement plans or 
policies. 

• Specifically, the technology transfer / prequalification does not provide any 
guarantee or give preference during procurement process to the company 
that receives the technology transfer and (pre)qualification. The process is 
intended to make them competitive. 

• LLNL is willing to sign a proprietary information protection agreement with all 
the companies it works with. 



Technology Transfer Process: 

• LLNL has developed a process for plating superconducting wires (strands) 
having a copper sheath or copper wires. The process is determined to 
provide a smooth, uniform plating and does not introduce significant 
impurities into the plate or the wire. The process parameters, namely 

Electrolytic bath composition 
Bath temperature during plating 
The optimum current, wire feed rates and power supply voltages 
Wire handling, rinsing conditions 

equipment design for 
Spool mounting 

Wire feed through the bath, rinsing and level rewinding 
Electrode design and current feeds 

and QA procedures 

are / will be available. 

• LLNL will set up a demonstration of the plating process with a full size line at 
LLNL and interested companies will be welcomed to view it. All the 
information pertinent to the process will be made available. In addition, 
participants can discuss and obtain clarification from LLNL staff. 



• LLNL is willing and interested in confirming the successful completion of the 
tech transfer process, by testing samples produced by interested plating 
firms and confirming the capability of the plating firm. 

• LLNL / DOE resources are limited for this capability verification process. 
Therefore using appropriate criteria 2 to 4 companies will be selected and 
the verification will be carried out by the companies plating 300 m of copper 
wire at their shop and submitting them for test. In addition, shop QA, EPA 
and OSHA conformance will be examined. 

• The companies will provide their own bath, bath test equipment, bath 
monitoring equipment, power supply, utilities, space and labor for the 
verification process. Plating may be carried out using LLNL equipment/ 
process or using vendors own equipment and process. 

• The demonstration is expected to occur in end of February 95 and the 
verification process will begin soon after. An announcement will be made 
for both processes in end of January 95. 
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Developing Industry Participation in 
Chromium Plating of ITER and TPX Strand 

Industry Participation Workshop: 
Chromium Electroplating of Superconductor Strand 

Lawrence Livermore National Laboratory 

L3 
Presented by 

Stephen M. Hibbs 
Applied Superconductivity Group 

Lawrence Livermore National Laboratory 

December 13,1994 

This work was performed under the auspices of the U.S. Department of Energy by 
Lawrence Livermore National Laboratory under contract number W-7405-ENG-48. 



A Strawman Process to establish strand-plating 
supplier capability " ^ 

• LLNL formally seeks all interested Plating Firms 

• Demonstration at LLNL of the LLNL Cr plating technology for all who wish to 
see it 

• LLNL asks interested Firms for Expressions of Interest and descriptive 
information 

• LLNL selects four Firms by a formal selection process 

• LLNL works with each selected Firm that requests it to establish all or part of 
the LLNL Cr plating technology in their Shop. 

• Each Firm plates 1,000 feet of copper wire and 1,000 feet of superconductor wire 
(if available). This demonstration may employ, all, none, or part of the LLNL 
technology. 

• LLNL tests and evaluates plated wire and strand. Satisfactory performance 
establishes the Plating Firm's capability 



A Strawman Business Plan for Plating of Strand ^ 

• The Projects purchase either cable or chromium-plated strand 

• Strand manufacturers subcontract with Plating Firms for the chromium plating 

• Strand manufacturers select Plating Firms by any method allowed in their 
contracts with the Projects 

• Plating Firms who have elected to use LLNL-designed equipment will build as 
many machine(s) as they need. LLNL will furnish detailed designs without cost 
or restrictions on their use. Firms will own the machines. 

• The Projects' Quality Assurance Requirements will flow down through a chain 
of Subcontracts to the chromium plating process. 

• Strand manufacturers and Project representatives will monitor 
compliance. 

SMH/Unl/12.13.94 



Anticipated Quality Requirements " ^ 

• Plating work must meet all Project QA Plan requirements that apply to it 

• Strand Manufacturers prepare formal QA Plans, and they may require Plating 
Firms to prepare formal QA Plans of their own 

• All process parameters the Projects deem important must be monitored, 
either continuously or periodically, and documented 

• Once established for the Projects' strand, a Firm's process or equipment may 
be changed only after review and approval by the Project. The Strand 
Manufacturer may make the same requirement. 

• There will almost certainly be plant and process inspections and QA document 
reviews by representatives of the Strand Manufacturers and the Projects 

CMW/l1nl/-n 11 Q4 



NOTES 

BY 

DAVID LARBALESTIER 
UNIVERSITY OF WISCONSIN 



Summary Discussion Period: Platers7 Concerns 

Who takes responsibility when the expensive 
wire gets damaged in the plating process? 

suggestion of limited liability such as by 
a penalty which would be a multiple of 
the plating contract cost 

Platers can be responsible for the thickness but 
not the RRR 

Conclusion: we are happier starting with a 
process specification and going to a 
performance specification later. Cr plating is 
not difficult since the process is tolerant of 
process variations. 

Agenda v.12/8 



Summary Discussion Period: Wire 
Manufacturers' Concerns 

Don't get hung up on RRR while we are still 
concerned about you meeting thickness 
specifications 

We are very concerned about you not breaking 
our expensive wire and then not allowing us to 
inspect your facility to see where the breakage 
may have occurred 

Solution seems to lie in the rig 
developed by Steffani (LLNL) which had 
tension-limit switches on it. 

ITER/TPX strand is still in R+D and thus 
involves continued dialog between wire 
manufacturer and plater. Thus access to the 
plant is required. 

Agenda v.12/8 


