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The Fusion Science Center platform for magnetized high- Methods of increasing the magnetic field delivered The upgraded MIFEDS (MIFEDS-U) device provides Existing coil library (LLE designed) Four major requirements for MIFEDS
energy-density-physics (HEDP) experiments (MIFEDS)* by MIFEDS for higher B fields, flexible field topologies, coil design considerations
has attracted a fast growing number of external users and robust operations o T | o | e

I ' D-ES-B-936 COMMON COIL ASSEMBLY - MIFEDS - - -
LLE D-ES-C-950 MIFEDS TEST COIL 02/13113 OMEGA/Joint D-ES-B-950

D-ES-C-941 MIFEDS COIL - TYPE Il 02113113 OMEGA D-ES-B-941 MagICF-J-13A

'FSE) &
Pros Cons . . D-ES-C-718 | HELMHOLTZ FOIL_TYPE | 02/21/13 EP D-ES-B-T17 DynMagRecon-13A
o0 a - 0 The CO“ frame IS made M I FE DS-U R - " DESC942 | MIFEDS COIL-TYPE I 02/28/113 EP D-ES-B-042 Ei—MaggShock-ﬂA
CO I I | S | O n I eSS M ag n Et | C FU S | O n M ag n Et | ZEd - . . b 1 3_ D H t ‘ -1 A = % D-ES-C-944 MIFEDS COIL FORM - TYPE IV 04/17113 OMEGA D-ES-B-944 MagICF-0-13B
. . . Lim Ited by wire Ssize; y usin g a p rinter Y4, \ D-ES-C945 | MIFEDS COIL FORM - TYPE V - 0 DEG 05/21113 OMEGA D-ES-B-945 | D-ZA-X-012 MagShock-J-13A
Shocks reconnection Ry enhancement e Decrease coil size ondmake.  possible blockec . » 44 e oo e T

- - ¥ 1 " "
bea m S = f - D-ZB-X-008 PairPlasma-13C (Positron-13C, 08/06/13)
: ¥ D-ES-C-948 MIFEDS COIL FORM - TYPE VI 05/29/113 OMEGA EP D-ES-B-948 D-ZB-X-009 PairPlasma-13B (Positron-138, 05/29/13)

M ag n etized p I as m a at L L E '. . 7 2 .. Ca pac I to r ) - - » =~ | D-ES-C-949 MIFEDS COIL FORM - TYPE VIl 08/15/13 OMEGA D-ES-B-949 D-ZA-X-026 ExpAstro-13B

A A A D-ES-C-1011 MIFEDS COIL FORM - TYPE Vil 08/20/113 OMEGA D-ES-B-1011 D-ZA-X-025 MagLPI-13A
High voltages inside .

D-ES-C-1012 MIFEDS COIL FORM - TYPE IX 09/05113 OMEGA EP D-ES-B-1012 D-ZB-X-013 DynMagRecon13B

Does not Change MIFEDS cause many oo -8 ' N = D-ES-C-1013 | MIFEDS COIL FORM - TYPE X 09/11/13 OMEGA D-ES-B-1013 | D-ZA-X-027 AstroShock-138

15 L Use rs Increase Stored energy in M I FEDS CO" deSign; works issues; limited -~ > 8 ' ' D-ES-C-1015 | MIFEDS COIL FORM - TYPE XII 111913 OMEGA EP D-ES-B-1015 | D-ZB-X-014 MagShockEP-14A -
. . H H ’ ' s D-ES-C-1016 | MIFEDS COIL FORM - TYPE XII 12/04113 OMEGA EP D-ES-B-1015 | D-ZB-X-014 MagShockEP-14A = = =
POSItI‘Oﬂ - LLE LPI 11 for a" app"catlons Storage ad 04 ; D-ES-C-1075 | MIFEDS COIL FORM - TYPE XIV - 0 DEG 02/04/14 OMEGA/Joint | D-ES-B-1075 D-ZA-X-043 M:gShock-J-MA Dlag nOStIC/beam CIea rances
O : D-ES-C-1076 | MIFEDS COIL FORM - TYPE XIV - 35 DEG 02104114 OMEGA/Joint | D-ES-B-1076 D-ZA-X-043 MagShock-J-14A
fOC usin g h (o) h I raums : D-ES-C-1078 | MIFEDS COIL FORM - TYPE XVI 0210614 OMEGA/oint | D-ES-B-1078 D-ZA-X-042 Ma:ICF-J-MA

Easy to des i g nan d COi I too bu I ky and 3N N D-ES-C-1084 MIFEDS COIL FORM - TYPE XVIIl 02/19/14 OMEGA EP D-ES-B-1084 D-ZB-X-019 PairPlasma-14A

-
o

D-ES-C-1079 MIFEDS COIL FORM - TYPE XVII 02/26/14 OMEGA D-ES-B-1079 D-ZA-X-044 AstroShock-14A

Increase number of turns in the coil | EUCH (o aTTTEL R QA e o0 [ ERL a0 E T 5:25-6-10%1 | WIFEDS COIL FORM -TYPE XIX -3 vavana oweeAer | peseami | pzexam WagLirEr 14

wire size |arg e inductance - D-ES-C-1092 | MIFEDS TARGET HOLDER - TYPE XIX - 3 mm 04/08/14 OMEGA EP D-ES-B-1092 | D-zZB-X-021 MagLiFEP-14A

D-ES-C-1093 | MIFEDS COIL FORM - TYPE XIX - 4.5 mm 0410814 OMEGAEP | D-ES-B-1093 | D-ZB-X-022 MagLiFEP-14A

D-ES-C-1084 | MIFEDS TARGET HOLDER - TYPE XIX - 4.5 mm 04/08/14 OMEGAEP | D-ESB-1084 | D-ZB-X-023 MagLiFEP-14A

5 Ve ry hard to M I F E D S' U D-ES-C-1095 | MIFEDS COIL FORM - TYPE XX 04/17114 OMEGA D-ES-B-1095 | D-ZA-X-052 MagICF-14A
Does not chan ge q . q D-ES-C-1096 | MIFEDS COIL FORM - TYPE XXI 04123114 OMEGA EP D-ES-B-1096 | D-ZB-X-024 JETEP-14A 5
M ag n et i Zed Dec rease i nte rnal i m pedance coil deSig n; works ACCOIN pl ish , requires D-ES-C-1104 | MIFEDS COIL FORM - TYPE XXI - NORMAL 04123114 OMEGAEP | D.ES-B-1104 | D-ZB-X-025 JETEP-14A L)

- . o redesi gn of all D-ES-C-1108 | MIFEDS COIL FORM - TYPE XXIl 05/06/14 OMEGA D-ES-B-1109 | D-ZA-X-054 ICF MagLPI-14B

I Iner fu sSion Of MIFE DS for all appl ications MIEEDS ci - D-ES-C-1106 | MIFEDS COIL FORM - TYPE XXIll 05/08/14 OMEGA D-ES-B-1106 | D-ZA-X-053 Magnetized jets

circu Itry MIFEDS COIL FORM - TYPE 07/29114 OMEGA LES MagICF-LBS-14B

0 MIFEDS COIL FORM - TYPE 07/3014 OMEGAEP ICF MagLiF-14B
_ N 1 0 T using fOUl‘ tu INSs.r ~ 6'mm coils MIFEDS COIL FORM :TYPE 07731114 OMEGA NLUFAs:oSahozl::-::-B
« A high current in a small volume is needed; this can be accomplished : ireos cotL For - Tiee T ovecar Los ratpiaama s L
by using a small coil with low inductance Fe0s Got roRw e Target deployment scheme Viewing system

Year Many thanks to the LLE engineers!
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*MIFEDS: magneto-inertial fusion electrical discharge system

Princlpal Investigator (P proposal for an experimental Timeline—MIFEDS coil fabrication Timeline options**

1) LLE performs the design and fabrication with target (shown)

LLE scientist reviews physics requirments Does coil Mechanical Engineering 2) LLE performs the design and fabrication without targets
)

)

(identifies existing or need for new coil design) configuration provides initial prototype design

(5 to 7 days) exist? (7 to 10 days) 3) Outside laboratory provides coil design and prototyping

v 4) Outside laboratory provides colil fabrication only

Prototype (built/tested) Number of Note: MIFEDS coil

: : VISRAD t be in fil .
(5 to 8 days) °°“f'9”‘rat'°“s ‘ file must be in e **See document number D-TX-P-596 for further details

Coil Mechanical Engineering Pl submits “experimental proposal _ _
design provides Pl with 3-D file template” to Facility Advisory and Diagnostics
exists (1 to 2 days) Scheduling Committee (FASC) In use

Desired number -
of targets Y
Mechanical Engineering performs

interface checks and Experimental Coil design Coil design
Single magnetic-field coil Operations review of target deployment viable? viable?

(Type XXI) (10 days)

Design iteration and verification process
(5 to 7 days)

Y

Procure and perform pointing testing
(5 to 7 days) Yes

v

Wind (procure) production coils
(5 to 7 days) *

Target Fabrication mounts targets
(7 to 10 days)

Standard coil holder Dual magnetic-field coil
(Type XVII)

FASC review Two week One week
deadline Pl brief Pl brief

Conceptual phase Design phase - Testing phase Production phase
AN N . AN N

Shot Day
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The Fusion Science Center platform for magnetized high-
energy-density-physics (HEDP) experiments (MIFEDS)*
has attracted a fast growing number of external users

LLE

Collisionless Magnetic Fusion Magnetized
shocks reconnection enhancement jets
Magnetized plasma at LLE
Positron LPl in
focusing hohlraums
5
Magnetized
liner fusion

15~ I Users

B LLE

Shot days
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*MIFEDS: magneto-inertial fusion electrical discharge system
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Methods of increasing the magnetic field delivered
by MIFEDS

UR
LLE

Pros Cons

Limited by wire size;
possible blocked
beams

Easy to design
and make

Decrease coil size

High voltages inside
MIFEDS cause many
issues; limited
storage

Does not change
* Increase stored energy in MIFEDS coil design; works
for all applications

Easy to design and  Coil too bulky and
Increase number of turns in the coil | EUGH T EC RO o lele R B a0 e F
wire size large inductance

Very hard to
accomplish; requires
redesign of all
MIFEDS circuitry

] ] Does not change
Decrease internal impedance coil design; works

of MIFEDS for all applications

* A high current in a small volume is needed; this can be accomplished
by using a small coil with low inductance

TC10972a



The upgraded MIFEDS (MIFEDS-U) device provides
for higher B fields, flexible field topologies,

and robust operations

;FS@ lI:lIE!E
The coil frame is made MIFEDS-U
by using a 3-D printer

Capacitor

Energy Up to 200 J

Maximum current |40 kA

Coil Multiple turns with 3-D printed frame
B ~10 T using four turns, r ~ 6-mm coils
Operation Facility diagnostic

Many thanks to the LLE engineers!
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Existing coil library (LLE designed)

UR

LLE

Part # Desctiption First Use | Tim Syst Assembly# | 'Merierence | pipy Campaign's
D-ES-B-936 | COMMON COIL ASSEMBLY - MIFEDS . . -
D-ES-C950 | MIFEDS TEST COIL 021313 4 | OMEGAWoint | D-ES-B-950
D-ES-C-941 | MIFEDS COIL - TYPE I 021313 OMEGA D-ES-B-941 MagICF-J-13A
D-ES-C-718 | HELMHOLTZFOIL_TYPE| 022113 | 10 EP D-ES-B-717 DynMagRecon-13A
D-ES-C-942 | MIFEDS COIL - TYPE Il 02128113 | 10 EP D-ES-B-942 EP-MagShock-13A
D-ES-C-944 | MIFEDS COIL FORM - TYPE IV 0411713 a OMEGA D-ES-B-944 MagICF-0-138
D-ES-C-845 | MIFEDS COIL FORM - TYPE V - 0 DEG 0512113 a OMEGA D-ES-B-945 | D-ZA-X-012 43594 | MagShock-J-13A
D-ES-C-946 | MIFEDS COIL FORM - TYPE V - 35 DEG 05121113 OMEGA D-ES-B-948 | D-ZA-X-011 42966 | MagShock-J-13A
D-ES-C-947 | MIFEDS COIL FORM - TYPE V - 45 DEG 05/2113 4 | OMEGAioint | D-ES-B-947 | D-ZA-X-013 42623 | MagShock-J-13A
D-ES-C-948 | MIFEDS COIL FORM - TYPE VI 05/29/113 10 OMEGA EP D-ES-B-948 gjg:ﬂgg ::ggi :‘:::::::12: {ﬁg::::g::gg gggg;m
D-ES-C-949 | MIFEDS COIL FORM - TYPE VI 08/15/13 1 OMEGA D-ES-B-949 | D-ZA-X-026 44444 | ExpAstro-138
D-ES-C-1011 | MIFEDS COIL FORM - TYPE VIIl 08/20113 1 OMEGA D-ES-B-1011 | D-ZA-X-025 44250 | MagLPI-13A
D-ES-C-1012 | MIFEDS COIL FORM - TYPE IX 09/0513 | 10 | OMEGAEP D-ES-B-1012 | D-ZB-X-013 44135 | DynMagRecon13B
D-ES-C-1013 | MIFEDS COIL FORM - TYPE X 0911113 4 OMEGA D-ES-B-1013 | D-ZA-X-027 44564 | AstroShock-138
D-ES-C-1015 | MIFEDS COIL FORM - TYPE XII 111913 | 10 | OMEGAEP D-ES-B-1015 | D-ZB-X-014 44818 | MagShockEP-14A
D-ES-C-1015 | MIFEDS COIL FORM - TYPE XII 12/0413 | 10 | OMEGAEP D-ES-B-1015 | D-ZB-X-014 MagShockEP-14A
D-ES-C-1075 | MIFEDS COIL FORM - TYPE XIV - 0 DEG 02/04/14 4 | OMEGAioint | D-.ES-B-1075 D-ZA-X-043 MagShock-J-14A
D-ES-C-1076 | MIFEDS COIL FORM - TYPE XIV - 35 DEG 02/04/14 4 | OMEGAWoint | D-ES-B-1076 D-ZA-X-043 MagShock-J-14A
D-ES-C-1078 | MIFEDS COIL FORM - TYPE XV 02/08/14 4 | OMEGAWoint | D-ES-B-1078 D-ZA-X-042 MagICF-J-14A
D-ES-C-1084 | MIFEDS COIL FORM - TYPE XVill 0211914 | 10 OMEGA EP D-ES-B-1084 | D-ZB-X-019 PairPlasma-14A
D-ES-C-1079 | MIFEDS COIL FORM - TYPE XVII 0212614 4 OMEGA D-ES-B-1079 | D-ZA-X-044 AstroShock-14A
D-ES-C-1091 | MIFEDS COIL FORM - TYPE XIX - 3 mm 04/08114 | 10 OMEGA EP D-ES-B-1091 | D-ZB-X-020 46567 | MagLiFEP-14A
D-ES-C-1092 | MIFEDS TARGET HOLDER - TYPE XIX - 3 mm 04/08M4 | 10 OMEGA EP D-ES-B-1092 | D-ZB-X-021 46567 | MagLiFEP-14A
D-ES-C-1093 | MIFEDS COIL FORM - TYPE XIX - 4.5 mm 04/08/14 | 10 OMEGA EP D-ES-B-1093 | D-ZB-X-022 46567 | MagLiFEP-14A
D-ES-C-1094 | MIFEDS TARGET HOLDER - TYPE XIX - 4.5 mm 04/08114 | 10 OMEGA EP D-ES-B-1094 | D-ZB-X-023 46567 | MagLiFEP-14A
D-ES-C-1095 | MIFEDS COIL FORM - TYPE XX 04117114 4 OMEGA D-ES-B-1095 | D-ZA-X-052 MagICF-14A
D-ES-C-1096 | MIFEDS COIL FORM - TYPE XXI 0412314 | 10 | OMEGAEP D-ES-B-1096 | D-ZB-X-024 47096 | JETEP-14A
D-ES-C-1104 | MIFEDS COIL FORM - TYPE XXI - NORMAL 0412314 | 10 | OMEGAEP D-ES-B-1104 | D-ZB-X-025 48015 | JETEP-14A
D-ES-C-1108 | MIFEDS COIL FORM - TYPE XXIl 05/08/14 5 OMEGA D-ES-B-1109 | D-ZA-X-054 47844 | ICF MagLPI-14B
D-ES-C-1106 | MIFEDS COIL FORM - TYPE XXIl 05/08/14 1 OMEGA D-ES-B-1106 | D-ZA-X-053 47376 | Magnetized jets
MIFEDS COIL FORM - TYPE 07/29114 OMEGA LBS MagICF-LBS-14B
MIFEDS COIL FORM - TYPE 07/3014 OMEGA EP ICF MagLiF-14B
MIFEDS COIL FORM - TYPE 07/31114 OMEGA NLUF AstroShock-14B
MIFEDS COIL FORM - TYPE 08/08/14 OMEGA EP NLUF DynMagRecon-148
MIFEDS COIL FORM - TYPE 09/04/14 OMEGA EP LBS PairPlasma-14B
MIFEDS COIL FORM - TYPE TBD Joint NLUF MagShock-J-14A
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Four major requirements for MIFEDS
coll design considerations

Diagnostic/beam clearances

Target deployment scheme

E22998b
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Viewing system




L | | | L
Principal | tigator (PI | f i tal — - - -
incipalInestigator (°) proposal for an experimens [Imeline—MIFEDS coil fabrication Timeline options**
1) LLE performs the design and fabrication with target (shown)
LLE scientist reviews physics requirments Does coil Mechanical Engineering 2) LLE performs the design and fabrication without targets
» (identifies existing or need for new coil design) configuration provides initial prototype design ) _ _ _ _
(5 to 7 days) exist? (7 to 10 days) 3) Outside laboratory provides coil design and prototyping
v 4) Outside laboratory provides coil fabrication only
Prototype (bu“t/tested) Nu_mber_of .Beams VISRAD Note: MlFEDSCOIl
Yes DU EEE) configurations nuse file must be in file **See document number D-TX-P-596 for further details
v v |
Coil Mechanical Engineering Pl submits “experimental proposal _ _ Desian iteration and verification brocess
design provides Pl with 3-D file template” to Facility Advisory and Diagnostics 9 510 7 d P <
exists (1 to 2 days) Scheduling Committee (FASC) in use BT e
| No
Desired number —>»| FASC Review
of targets Y
Mechanical Engineering performs
> interface checks and Experimental Coil design Yes Coil design
Single magnetic-field coil Operations review of target deployment viable? viable?
(Type XXI) (10 days)
Y
> Procure and perform pointing testing
(5 to 7 days) Yis
Wind (procure) production coils
(5 to 7 days) *
Target Fabrication mounts targets
(7 to 10 days) *
Prepare target procedures >
Standard coil holder Dual magnetic-field coil (210 3 days)
(Type XVII)
FASC review Two week One week
_ deadline _ _ Pl brief Pl brief Shot Day

Conceptual phase Design phase ; Testing phase Production phase . ; ,
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