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Iron yoke
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Unit Dipole Lens
40 48
Maximum magnetic field T 1.8
{field gradient) Tim 215
Minimum magnetic field T (.11
{ field gradient) I'/'m 1.3
Effective magnetic length m 2.2 0.47
Ramp rate T/s 1.2
T/im-s) 14.3
Field error at R= 30 mm <610
2 Beam pipe aperture (hiv) mm 128 /65
Fole radius mm - 47.5
A/ U Bending angle deg 9
1 ’@ Sl 1 Radius of curvature m 14.01
=.ﬁ%~}‘,, ' Yoke width m 031 0.226
PRI ) Yoke height m 0.22 0.226
t WAL, Overall weight ke 1030 10
/2 Operating current kA 968
7 Mumber of turns in the coil 10 8
Inductance uH 630 96
AL losses W 5.4 0.8
Static heat leak W 4.4 3.0
Pressure drop in the cooling channel kPa <20

Maximal temperature of He in the coil K 4.65




Developed in LHEP JINR

— CuNi-tube

2 —Superconducting strand
3 — NiCr-wire for fixation

4 — Capton tape

5- Fiberglass tape

Nuclotron-cable 20



Developed in LHEP JINR

— CuNi-tube

2 —Superconducting strand
3 — NiCr-wire for fixation

4 — Capton tape

5- Fiberglass tape

Nuclotron-cable *7



Developed in LHEP JINR

— CuNi-tube

2 —Superconducting strand
3 — NiCr-wire for fixation

4 — Capton tape

5- Fiberglass tape

Nuclotron-cable 28



Developed in LHEP JINR

— CuNi-tube

2 —Superconducting strand
3 — NiCr-wire for fixation

4 — Capton tape

5- Fiberglass tape

Nuclotron-cable =



SC-cable CEPTUDOUKAT

Huo0uii-reTanoBbiii CBEPXNPOBOAAILINHII CTPEHI YCOBEPIIEHCTBOBAHHOM
KOHCTPYKIHH /151 MO/1e/IbHOT0 maruuTa bycrepa yckopureiasHoro
komiaexca NICA

CKHT 0,78-8214-1,38
[Maptus 1-C2-18-1-12/2-1-2

Hunamertp, MM 0,781
' Konu4ecTBo BOJIOKOH, 1T 8214
MatepHain BOJIOKOH Cnuas HT 47 (TY 001. 405 - 2008)
JlnaMeTp BOJTOKOH, MKM 5,8
 Marpnua bBeckucnoponHas Mes
vy -

Nuclotron-cable 5
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Main stages in the production of SC magnet Nuclotron type

 SC cable production

 SC coils production

O Iron yoke production

O Assembling of the yoke and coil

O Magnetic measurements at the room temperature
O Electrical and vacuum tests of the magnet

O Assembly of the magnet into cryostat

O Cryogenic tests and “training” of the magnet

O Magnetic measurements of the cooled magnet
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Cable machine — production of
the cable via “one pass”

Cable for SIS100

s sextupole magnet
production 38



SIS100 sextupole






NIrC:‘)’K booster quadrupole==—
) | magnet yoke
O Production of iron yoke
CaBenoOBCKUU MaLUMHOCTPOUTESIbHbLIN 3aBO
NyO6HeHCK MaluMHOCTPOUTESNbHbIN 3aBOA
HMO Atom

Half-yokes of the NICA Booster dipole |

SIS100 sextupole magnet
yoke 41




Parts of NICA booster dipole
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Assembly of iron plates, compression
in axial direction with 50kN

Welding of iron plates




Final machining of half of the yoke
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O Assembling of yoke and coil
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O Magnetic measurements at room temperature

“—— —

=

N ,,,,,,a..[j"\}f_

JRotating coils
o= A

W

Cross-section of NICA booster dipole

with magnetic measurement system
installed.

e

1. Magnet yoke

2. SC coil

3. Magnetometer support
4. Rotating part with coils
5. Measurement coils

6. Coils for reference field 46



U Magnetic measurements at room temperature i
: ; B . o "/H E
Parameters to measure:
| B 1 +00 d 5L »
« Effective length Ly =— _[By ($)ds = <10
B, -, L
* Angle between mechanical and magnetic planes
+00
j B (s)ds .
a _
== — <107
o
j B, (s)ds

* [ntegral harmonics of magnetic field

b=/ byds,a’,=["_ a,ds, n=1..10
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O Magnetic measurements at room temperature ¢« B
. ¥ —— — ﬁ?“,: ;r i\l i :._‘_-.L ]
. 3@: - _ :{} ~ _.*i 5 _
= A>T
- —— G

« 5 sections (430mm length) with harmonic
coils

« Additional not-rotating coil in the median
plane of magnet around all rotating coils

 Measurements without anti-cryostat inside
cooled magnet
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1. Servo-Motor, 2. Cable-coil, 3. Support, 4. Lower yoke, 5.
Connections, 6.Measurement sections with coils.
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1. Servo-Motor, 2. Cable-coil, 3. Support, 4. Lower yoke, 5.
Connections, 6.Measurement sections with coils.
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LELS
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| Coils position to calculated magnetic field

1. Servo-Motor, 2. Cable-coil, 3. Support, 4. Lower yoke, 5.
Connections, 6.Measurement sections with coils.
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3MepeHHbIE U pacYeTHbIE UHTErpanbHble
OTHOCUTENbHbIE rapMOHUKK, 104

MN3mepeHHble -1.30 434 -1.80 1.76 0.27 0.82
NnpoTOTUN

WN3mepeHHble -2.93 088 479 071 033 088 058 0.08 0.05 -0.08
npeancepunHbIN
-1.13 0 771 0 004 O 315 0 014 0
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O Magnetic measurements at room temperature  «

i@%_ & - Sy ﬁg*%{ .T\I"i INT ™
. =9 g = - x-h?‘:}p 1 = # '.'-'; o
: -y N <
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O Cryogenic structure of the facility

LHe vessel,
1000 liters

He compressors’

N

30-50 liters / I{1>

o)

LN2 vessel

Helium satellite
refrigerator unit
100 W, Pp1=25 atm,,
Pp2=12 atm.,

S

[ /300 liters / h

(95% liquid)

50 liters / h
(95% liquid

)

300 liters / h (90% vapor)

Magnet feed
box with

station
300nmA3/h 7N
330nm”3/h
He gasholder
k N station
d

Testing SC magnet

36(‘§h (100% vapor)

cryostat

to atmosphere

He

« LHe

fNZ

LN2




EI Cryogenlc structure of the facilit




1 Magnet feed box with HTS current leads

Water cooling terminal

,

-

HY insulation

LN eooling transition

HTS module

LTS eahle

M0

78-80 K

425K

<333 K
-_ L™= outlet

HTS current lead — more
effective due to reduced
by 25-30% LHe flow
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(d HTS current leads

fﬂ*f :

|l'

|H

f ' | “Everfit’ Co., China

Kurchatov Institute



3 Current leads @ = - Static mode

dynamic power ST S

supply S lag = g% - Dynamic mode with ramp rate
with recuperation 4 | up to 40kA/sec -
of energy - HE X: | | T‘llllul:- 3
to supply network b . I F (B

115000 kA
J25V

0=t T
1 | ! ‘l “LL '

 Energy evacuation

J Energy:
210”6 J

] Time
0.5 sec
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_EI Cryogenic tests hall
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EI Cryogenlc tests hall

5 - Vacuum test bench

6 — Mounting magnet into cryostat

7 — Cryogenic tests hall
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NctouHnk PS15000-25D npeacrasndaet cobou Lenoyky npeobpasoBaTerien

ceTb - AC/DC npeobpasosatens - DC/DC npeobpasoBatens - "C"
HakonuTenb aHepruun (cynepkoHaeHcartopsl) - DC/DC npeobpasoBaterns -

domnneTp

Takast cxemoTexHuka nossongaetr PS15000-25D paboTtaTh:

- B peXnme NoCTOAHHOIo ToKa,

- B AMHAMNYECKOM PEXMME CO CKOPOCTbLIO n3meHeHunda Toka oo 40kA/c, npu
9TOM HaKoMNfeHHas MarHUTHasi 3Heprnn pekynepmnpyeTtcs (Bo3BpallaeTcs B
HakonuTenb "C" CToYHKKA, a He paccemBaeTCsl) Npu BbiIBOAE TOKA U3
HarpysKku.

PS15000-25D moxHO HasbiBaTb - AMHAMUYECKNN UCTOYHMK ToKa (OykBa "D" B
Ha3BaHMN 03HAYaEeT MMEHHO 3TO) C peKyrnepaumen aHeprum.

Dynamic current power supplies

for accelerator magnets 89
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Overview of the power supplies for the NICA project

For the NICA project are required power supplies with defined leading edge, region of
stabile operation and controlled falling edge. Due to the control of the converter output
current falling edge, the regeneration of the energy from the inductive load occurs. This
energy is necessary to accumulate in the converter DC - link (capacitor) or return it to the
feeding network. There are two main concepts for the current source dynamic power
supplies which can recuperate the energy from the load. The first one is regenerating energy
from the load to the DC-link and it is more suitable for power supplies with lower output

voltages and with lower energy stored in the load (Fig. 1).
AC/DC ’—)‘ sl T DCOC les! Fout s M

Vin }_)
—= | Fin 1 | 2
| | | ||

Figure 1 Block diagram of the supply with recuperation to the DC-link

h
L
M
W

M
v

The second concept is regenerating energy from the load to the feeding network and it is
more suitable for power supplies with higher output voltages and with higher energy stored in
the load (Fig. 2).

Vin ' | I ‘
| T > AC/IDC <> C > DCIDC le> Foul <> S |[€> M

I |

Figure 2 Block diagram of the supply with recuperation to the supply network
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MeToauka nu3MepeHuun

Memoo ScAPMOHUYECKUX Kamyuwex

MyJ'IbTI/II'IOJ'IbHoe ornncaHmne MarHUTHOro

A

n—1
B(z) =By +iB,=3%,-1C, (Rz f) C,=B,+iA, Z=Xx+iy
b = 10*B, _ 10%4,
no Bref Gn = Bref
MarHUTHbBIA NOTOK YEPEe3 KaTyLKyY
©= [Fas
Mpwn n3meHeHMU MarHUTHOTO NOTOKA B KaTywKe Bo3HUKaeT 3AC nHayKuuK
dod
E= ——
dt

UnterpuposaHue 3C HAYKUUM paeT:

it = B(ty) — B (1)

to



[ Energy evacuation
I i
" i,

o
L

1 Energy:
21076 J

C(15mF) TB273-2000

Ut

(=4t TE273-2001

mF}
L
| 1 mied >|

R{E 4mCm)

1 Time
0.5 sec

B paboyem pexume TOK MAET NO BbIAENEHHOW «KUPHBLIMY» BETKE. MI3Ha4YanbHO OTKpbIBaeTcsa 1 T
pocturasa Toka 850 A, BkntovaroTcd Bce 4 TMpuctopa. Tok MgeT no 4 napannesibHbiM BETBAM. ; :
Mpwn cpabaTtbiBaHMM 3aLLMT O CPbIBE CBEPXMPOBOAMMOCTH, 3NIEKTPOHNKON NOAAETCHA MMMNYSbC Ha W——
KOMMYTaUWOHHbIe TupmcTopbl Th273-2000 1 3a 65 MKC TOK BbIBOAUTCS N3 LIENU CUNOBbLIX TUPUCTOPOB B
KOMMYTALVOHHYI0 LieNb. bbICTpbIN BbIBOA TOKA OCYLLECTBNSIETCSA C MOMOLLbIO 3apsiKeHHbIX 40 260 Bonbt
emkocten 15 m®. [ing HagéXHOCTU UCNOSb3YETCA 2 NapanienbHble KOMMYTaLUMOHHbIE BETKU, KaXasa n3
KOTOpPbIX CNOCOBHA BbIBECTM TOK U3 CUITOBOM LIEMMW.

Mocne pa3psiga éMKOCTEN, TOK Yepes 3Ty BETBb nNpekpawiaetcs. O6ecTodeHHble TUPUCTOPLI CUITOBOKW BETBU YXKe
3aKpbIIUCb U TOKY HEKyaa naTu KpoMme Kak vyepes Awmku conpotmenenumn W, Conpotnenenus paccunTaHbl
noracuTb Ha cebe aHepruto B TedeHun 0.5 cekyHbl
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