William (Bill) Sampson’s Contributions to
HTS C0|I and Magnet R&D from Early Days
. == e -Ramesh Gupta
September 4, 2024

L
.....

Wllllam Sampson Memorlal Session

f \ \
)



Special & Memorial Sessions

SALT PALACE CONVENTION CENTER

&-15am-9-30am Se0 4 (Mountain)

230am-2453m Se0 4 (Mourtaln) Wizrzel Sreen
SdSam-10000am Sen 4 :ll.-'l:IJ'Ell'l: Samesh EunE
10000am-10-30am Sep 4 (Mourtain) Peter Moire
A Cr1EDE nvited] B 53 Mpso mare Inan Nnalt CEniures 1o supercond uctn 8 pErsongal redliec

10:30am-10:453m Sep 4 (Mountaln) LJzi Fossl

L? Brookhaven

" National Laboratory

Magnet Division Bill Sampson’s Contributions to HTS Coil and Magnet R&D from Early Days -Ramesh Gupta ASC2024 2




Content

Personal Recollections of Bill Sampson
< My Best Guru
My Best Friend

My Best Colleague

| would share a few memories while highlighting & b
Bill's contributions to the HTS magnet technology | ’2 ——
and his unique and remarkable way of working
v Honor of my life — working with Bill Sampson
Many of non-conventional proposals would have
ended up as impractical if not for Bill Sampson

» Pushing HTS magnet science from early days

... and continuing it as long as he could do!
L:.‘Brookhaven‘ e
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Bill Sampson and HTS Magnet R&D (made for each-other)

» Simple coil winding & 77K tests with his basic but highly accurate system
» Fast turn-around and low cost (test results in weeks/months, not years)

» Did as much work as possible by himself (super-tech and super-scientist)
» Scientific approach from the first principle (back to the envelop to PC)

» Special (dis)regard for non-sense oversight (boasted his safety record)

Table-top coil winding Cryostat made with Styrofoam and Duct-tape
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Specific Contributions of Bill Sampson to HTS Magnet Technology (1)

» BNL was the first major national lab (starting in late 90’s) to do substantive HTS
coll and HTS magnet R&D, thanks to Bill Sampson.

» Bill Sampson made HTS coils in a variety of geometries or configurations:
solenoids, dipoles, quadrupoles, racetrack colls, cos 6 coils, curve coils, clover-
leaves caoils, ...

» Even though | was the PI or the person arguing the viability and benefits of HTS,
Bill Sampson was the person responsible for demonstrating those HTS coils and
magnets, either by directly working on them or by providing the technical guidance.

» It will be an understatement to say that the HTS R&D at BNL would not have been
like it was, without Bill. Arup Ghosh, who worked very closely with Bill for a long
time (and just as big admirer of Bill Sampson as | am), will vouch for this.
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Specific Contributions of Bill Sampson to HTS Magnet Technology (2)

» Bill Sampson always found easy and practical ways of demonstrate the
performance of HTS colls over a wide range of temperature.

» He used a variety of HTS (Bi2223, Bi2212, ReBCO, MgB2) in a variety of form
(wire, cable, tape). Amount of HTS: over 60 km (4 mm equivalent).

» No. of HTS colls and HTS magnets tested by Bill: well over 150 coils and well
over 15 magnets.

» That speaks for quantity & quality of work Bill did in age defying demonstrations.

Doing science was the passion and life for Bill. He enjoyed it. He will be animated
In explaining the basic principles to fellow scientists, technicians, etc...

» Next set of slides will be a rapid tour showcasing some of Bill’'s contributions.
Please get ready to visualize the genius in action...
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with Tapes(Nb,;Sn, Bi2223)

ASC Common-Coil Magnet4.2 K
Size, mm Turns §.30
NbsSn 0.2x32 168 S,
IGC 025x3.3 147 \ S | - %
ASC 0.18 x3.1 221 :
NST 020x32 220 Bill had reels of Nb,Sn Tapes and kept pointing  _;
VAC 023x3.4 170 similarities between HTS and Nb,Sn tape coils ~ °  waeneraiting current pensiy, aimm® ™"

Magnet Division Bill Sampson’s Contributions to HTS Coil and Magnet R&D from Early Days -Ramesh Gupta ASC2024




e |

Bill Sampson, the Pioneer & his Pretty Nb;Sn Tape Magnets

Nb,Sn Tape Quadrupole
(still available to touch)

Bill Sampson

\dhances in Supvr(-()mIlu'ling \Ingnvls

In the past five years superconducting magnets have developed from

SCIENTIFIC

u laboratory curiosity into the most practical means of generating

intense magnetic fields for a growing number of research projects
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Bill Sampson Enters BSCCO- 2212 Cable Era (Pre-reacted Cable)

Y

~330 mm
~200 mm

A
Y

A

Current out

Voltage
Taps

N

Current in

Voltage
Taps

Pre-reacted Bi2212 cable, re-wound for testing
A typical Bill’s approach with penalty of v-taps
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Critical Current Tracking of Bi2212 Cable between 4.2 K and 55 K

Ic of various 3 m sections at 4.2 K and 55 K

1000 3
O o) ®) O O o & o
o © © 55 K with
é pumped nitrogen
= - one of Bill's
5 > X X sighature setup
X X ¥
Mix strand cable test, BNL 12/00 X lc1@55K
. Olcl@4.2K
0 1 2 3 4 5 6 V4 8 9 10 11

Section No.
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Magnet DCCO006: The 2" HTS Dipole at BNL (a lot of HTS

magnet R&D at BNL in early stages, thanks to Bill Sampson)
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Bi2212 React & Wind Rutherford Cable Colil (Pretty)

Center-lead to test two coils either independently — another Bill Sampson’s favorite
- —

A 10-turn racetrack R&D coil. Minimum bend radius 70 mm:; Cable thickness ~1.6 mm.
Magnet Division -Ramesh Gupta ASC2024




Blll’s Versatlle and High-Resolution Test Setup

Bill wanted test results quickly with a simple system

V-taps at each turn of Bi2212 HTS Colls
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Bill’s interest in putting v-taps on each turn in R&D magnet
gave a qualitative insight in the improvement of Bi2212 coils

6.0 I 6.0

Measuring I at a 5.5 - — | Cables obtained 55 1 ti"’_‘g'eesa?"z;a;gegg)
- . T I .
fix current while so{|__ . | |~2yearsago 0 4
temperature is 451 | g 45 ——Tum-1 f
drifting, reduced PSRN 40 7] == Tum-2
. . . O 35 - % B — 5 4 — -
inductive noise B 1 Iy I 1
B-", f -t ; 3.0 1 TS are the worst ,/'C':_ " >:;_ 3.0 1 - Tumn-4
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...... Q-* - —=—Turn-12 ,L
1.5 | riza 15 1 —
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Temperature (K) T, K

Note the improvements both, in the absolute value and the spread in T..
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RIA (FRIB) 15t Generation HTS Quad
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Bi2223 HTS Coll Winding for RIA (FRIB)

Bill's winding machine with precision Computer controlled winding machine
manual control (used Iin earlier colls) (used in the later RIA coils)
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Stainless steel tape as turn-to-turn insulator (radiation tolerant)
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Three Pairs of HTS RIA Coils Assembled with Splices
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Bill painted the surface
of the coil with a very
thin layer of epoxy to
hold the turns and coll
together (no epoxy
between turns)

-Ramesh Gupta ASC2024



25 BSCCO 2223 HTS Colls Tested for RIA (77 K)

‘= 70 B Single Coil Test |IEEE Award for Applied Superconductivity Research (2010)
§ Y0 T IR B Double Coil Test |..................... ,
= 50
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o 4
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1 2 3 4 5 6 7 8 9 10 11 12 13
Coil No.
70

60 Double Coil Test

“I’m glad that my contributions to the development
| of superconducting magnets are being recognized,”
I 1 2 3 4 5 6 7 8 9 10 11 12 Sampson said. “l hope to continue to contribute to

Coil No. the field for many years to come.”
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RIA HTS Mirror Model Test Results

(operation over a large temperature range)

300

}-.‘:,1_1 .ﬂ‘\h — v = Twa Coils B|” rOUtIne|y teSted HTS

950 - SR -+ Four Coils coils over a wide
< XN +— S Colls - operating range in
- N —+— Twelve Coils i
£ 200 - : gaseous Helium by
= . :
= adjusting the flow rate
S 150 - and stabilizing home-
® made HTS tape leads
- .
g 100 - with copper.
=
-

50 - All without any fuss. So

much to learn from BiIll!
D ¥ ¥ ¥ ¥ ¥ ¥ i ¥ i

0 10 20 30 40 a0 60 70 80 90 100

Temperature (K)
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Energy Deposition & Cryogenic Experiments for Conduction Cooling
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Stainless steel tape heaters for Copper sheets between HTS coils with copper
energy deposition experiments rods and copper washers for conduction cooling
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Energy Deposition
Experiments for FRIB Cryo COOler EXperlmentS

31
Energy Deposition Experiments
305 4 at a flow rate of 135 standard cubic feet per hour
30
<
o 4
2 295
(3}
|_
29 +
Heaters at T Heaters at
28571 19.4 watts Steady state at 29.4 Watts
~26 W (estimated)
28 T T T T T
160 180 200 220 240 260
Time (minutes)
RIA 001, 20W on Heater #1 for 100s
0.004
0.0035 —Coil 1

003 S — coil 2 "/"")
eater

0.0025 f

P M«"‘""'N‘ Cooling will bring

temperature down
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[—]
>
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0-0015 _,.-/ Heater OFF
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Time [s]
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HTS Coils for FRIB with the 2"4 Generation (2G)
12 mm HTS Tape from ASC and SuperPower

12/03/2010 Generous V- taps for understandlng
placed with only tension holding them
(&) Brosknaven (no solder). Typical Bill Samson.

National Laboratory
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2"d Generation FRIB HTS Quad with ReBCO Tape
A happy team with Bill Sampson (2013)

e e — Large Temperature Margins
=T i e e (only possible with HTS)

400 | ,
54 (50K,375A)
350 | | el (#21%in 1 &
| | g +12KinT,
300 | , | 0y : J

Design Current:

< 250 ' SuperPower Coil: 210 A ' B ——— el L] -
< . S~ SuperPowe—
= 200 ASCCoil: 310A B — (60K,240A)
3 ! - (+14% inl &
5 150 - "1 +22KinT) -
Q +
O £
100 2
=
50 o
a
0 10 20 30 40 50 60 70
Temperature (K)

Design SuperPower [1Design ASC O Measured SP#1 B Measured SP#2 A Measured ASCH1&#2

A strong case for HTS made
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Contributions to High Field HTS Solenoids from Bill

« Bill Sampson, either directly wound and tested or intellectually contributed to
several high field HTS solenoids.
» These coils were wounded with Kapton insulation, SS tape, or NO insulation.

« They were made as a part of SBIR with PBL for muon collider, SMES, AX|on
search, neutron scattering, etc.

PBL/BNL coils and
solenoid with 2G
HTS tape and SS

Insulation (SS helps
In structure and

guench protection)

ancakes Insert solenoid :

+ National Lahoratory
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lcvs T

> Fileld onaxis: 15.7T
> Fleldoncoil : 16.2T

0 10 20 30 40 50 60 70 80
Temperature (K)

(§) Brookhaven Proud Bill Sampson with a group of admirer 14 pancakes, 25 mm aperture

National Laboratory
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Critical Current Measurement as a Function of Temperature
» Bill Samson adjusting Helium flow to control temperature

Bill made critical current measurements
as a function of temperature routinely

1200

ﬁ EREEEEREE
1000 A Top Coil ]
PA © Bottom Coil
€ 300 o
g "o
>
3 AO
S 600
®
= Alo
= 400 b
&
200 %31*____
£ &
o : 0
100 mm bore SMES coil with 12 mm wide HTS tape 10 20 30 40 50 60 70 80
Center lead to measure Ic of the two coils independently Temperature (K)

k:} Brookhaven

National Laboratory
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Spiral HTS Splice-joint

» Another Bill Sampson’s Favorite

Two single pancakes (12 mm tape, 100 mm bore) to double pancake with spiral joint

(&) Brocknaven v" Bill's splice never had an issue despite being in high field area

National Laboratory
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100 mm HTS SI\/IES C0|I (record fleld @27K)

& NI 46 pancakes
. 2 pancakes 12 pancakes ; H350A, 27K, 12.5T
1140 A, 4K _ |760A, 4K, 11.4T R B

.
- 7
»
. o
0l
'\."', .
o, = :
s . ‘!
| .
3 - -" $s 4 - o
X - 5 : ’f.“_-v !
Tk f v .
s o R e 2l o

@Bmokhaven' Peak fields higher Bill Sampson in Hard Hat

National Laboratory
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Bill Sampson Work on No Insulatlon (NI) HTS Colls for IBS

1000 10

900 nal 9

200 ‘ Eventat 09/11/2018 16:15 _|

700 \ 7

.E.EDD 6
- . % 500 s £
Bill invented a very simple tool to 2 a0 B s 2

: 3 ——Current

assure that coil came out flat (turns s (1 © 3

are aligned). Worked really well. 200 —— 2

100 1

. . . Peak Field Conductor: ~17 T
» Working with the next generation. o 0

004 -0.02 0 0.2 004 006 008 01 012 014 0.16
L? Brookhaven Time (seconds)

National Laboratory
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PBL/BNL SBIR on Neutron Scattering (conical shape HTS colls)
Bill found an easy way to wind a conical coil

L? Brookhaven

" National Laboratory
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Bill Sampson’s Contributions to
R&D on High Field HTS and
HTS/LTS Hybrid Dipoles
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Cos(0) Coil with 2G HTS Tape - PBL/BNL SBIR
" ) 2.0 |

.,' 2 T
B 18 y=28.5x-54.6 '
N -~ 3 n-value : 28.5 '
A 1.6 -
= 14 | ! ¥ -4
€ 12— 5.
& 1.0
G -6
S 1.7 1.75 1.8 1.85
> 0.8 Log (1) i
0.6 SN E I E—
~m-V(total) ‘
04 —=—V(inner pole)
0.2 —o-V06 |
0.0 om | | |

0 5 10 15 20 25 30 35 40 45 50 55 60 65 70

Current (Amp)

Steady hand of Bill Sapson

cos(0) coil with HTS tape Bill had done
it before with

I k:.‘ Brookhaven N bBSn tape

National Laboratory
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Bill Testing the Overpass/Underpass (cloverleaf)
2G HTS Tape Colil for e2P/BNL SBIR

b

p

77K Test Results

Sufficiently instrumented, low-noise,

Coil Voltage (mV)

detailed, reliable and NO non-sense test
(hallmark of Bill, the master at work)

I L;‘ Brookhaven Coil Current (A)
National Laboratory
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0 50 100 150 200 250 300 350 400
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Bill Sampson’s Contributions to HTS/LTS
Hybrid Magnet Program (PBL/BNL STTR & MDP)

Bill will insist on Pl
B sufficient v-taps
for 77 K QA test
before the more
Involved 4 K test

B e

Bill will make sure |
that everything
looks OK under

I | the microscope g
Magnet Division
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Common coil insert configuration - a key component -
splice that accommodate coils moving apart under
Lorentz forces (Bill implemented a clever solution)

@ Brookhaven' |

National Laboratory
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Bill Performed a Variety of 77 K Measurements of the HTS Colls in
Varlous Conflguratlons for Crltlcal Current and Magnetization
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© 20 42l P fLIT T
- - 1T 11 ! ISEEEES IR
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=25 - L
30 1000 00 D:)me (;::I:t;nd ]50&) 000 00
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300 /—
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£ 150 /
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% 50 ///// ——First Cycle
“ 0 L= «—Second Cycle
-50
-100
0 50 100 150 200 250
Current (A)
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An Important Demonstration of a Significant HTS/LTS Hybrid Dipole
0.5

Bill made sure that we did all measurements
carefully (record field and magnetization)
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HTS Coils Primary Parallel to the Field for HTS/LTS
Hybrid High Field Test (MDP)

e D

Bill Sampson came-
up with a very
simple structure,
made by the
technicians of his
sketches, using the
off-the-self parts.

.......

ple#2%3 |

|

* 8 Typical mode of operation
. for BiIll.

_ . Low-cost, fast-turn-around,
and it worked.

dIcFs sam

I L:.‘ Brookhaven
National Laboratory
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HTS/LTS Hybrid Magnet Test (MDP) with Magnetization Studies

Field perpendicular
Record Hybrid Field: 12.3 T > A

— |
:E' 0.3 /4/ -/
13 3
12 if'_: 0.2 //)’;//
= 10 = QG 49 LI ~
T 9 - 2 =
2 g 2 T -01 —
w7 = 0.2 e
—— - “J.
E 6 E 0 100 200 300 400 500 600
S i |(HTS) = HTS Coil Current (A)
T 3 g Insulated coil, applied field primary parallel to
o 2 S "~ the wide face of the 12 mm tape (background
= 1 field subtracted)
O 2
0
19:48 19:49 19:50 = 1.5

HTS/LTS B 1

Hybrid =

Dipole 0.5

~ ) ; 0 200 400 600 800 1000
Lt NBr.ookhaven b & : Current in Insulated Coil
ational Laboratory
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Bill’s Last HTS Measurements @ 77K
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talent would not have been able to contribute so much

« Support from the SBIR/STTR program — without which HTS R&D in
SO many variety of programs would not have been possible

« Conductor manufacturers — who gave conductor to us, particularly in
early days, at a highly discounted rate; sometimes even free of
charge Iin return of testing and highlighting their progress

* Fellow technicians (plus scientific and engineering staff) who will
work from Bill's sketches and sometimes work during their lunch time
or extra hours to help Bill — so was the force of his personality
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To Wrap up, In Summary

Bill Sampson was a passionate scientist, who wanted to demonstrate
scientific principles in an as simple way as possible. ... and he was
successful in doing that, so many times.

Bill Sampson was pioneer in superconducting magnet technology for
about 60 years. He made several important contributions.

As | tried to convey, they were enormous in developing and
demonstrating HTS coil and HTS magnet technologies themselves.

We miss BiIll. | personally miss Bill for so much of what he did, and
how he did. |, forever, will be grateful and indebted to him.

Thank you for organizing this memorial session for William (Bill)
Sampson and thank you for allowing me to share my memories.
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