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O xoxe padoT Mo 3aIyCKY MATHUTA
nerekrTopa MPD: ucnpiTaHusi HAYAJIUCH!

ITocne ycmemHo#l yCTaHOBKM COJNI€HOUAA B MarHu-
torpoBo mEkeHepamu ASG superconductors mpoBeze-
HO KOMITBIOTEPHOE MOJEIHPOBAaHHE MArHUTHOTO MO
C LIEIbI0 ONpPENENCHHs BIMSHUS OTKIOHEHWH, IOSBUB-
IIMXCSI IPU YCTAaHOBKE COJICHOWA B MarHUTONPOBOJ (KO-
TOpBIE OKa3ajHCh B Iperenax AOMycKa U COCTaBHIU IO
BEPTUKAIBHOI ocu He Oomee 0,5 MM, a IO TOPU3OHTANb-
HOU — 2,4 MM OoT HOMHUHaA). [To nHpOpMaUU TPOU3BO-
qutenst — komnaHuu ASG, 3TU OTKJIOHEHHs HE BIMSIOT
Ha OJHOPOJHOCTH MarHUTHOTO IOJIS, M JIOTIOJTHUTEIbHAS
IOCTHPOBKA MOJIOXKEHUS COJICHOU A B MAarHUTOIIPOBO/IE HE
Tpebyercst. C yueToM 3TOro cosieHOu T ObLT 3aMKCUPOBaH
B CBOEM IIOJIOXKEHHH, M HAYaJIaCh IOATOTOBKA K €T0 UCIIbI-
TaHUSIM.

Jlo 3amycka MarauTa B paboTy C OXJIaKAECHHEM JI0
4,5 K u HayaJia MAarHATHBIX U3MEPCHUN HEOOXOIUMO BBI-
MOJTHUTH OOJBIION IMKI padoT Mo cOOpKe CoNeHOmIa U
€ro y3JI0B: TIPOBECTH UCTIBITAHHS HA MPOYHOCTH U TepMe-

TUYHOCTb, DJIEKTPHUYECKHE TECThI, OCYIIECTBUTh COOPKY
Y VICTIBITAHNSI KPUOTEHHON CHCTEMBI, @ TAKXKE BBIITOJIHUTD
MOHTaAX U IIOAKJIIFOUCHUE BOAAHOI'O OXJIAXKIACHHUA CHCTEM
JIEKTPOITUTAHHSI COIEHOU1A.

VcnibITaHus CONEHONA MPEIIONaraoT IIPOBEPKY €ro
BaKyyMHOI'O 061)eMa Ha TCpMETUYIHOCTb, @ TAKKE KOHTY-
POB a30THOTO TEIUIOBOT'O 3KPaHa M LUPKYISIMN KHIKOTO
TeIHs Ha MIPOYHOCTb U TePMETHIHOCTb. OHH IPOBOAATCS
BaKyyMHBIM METO/IOM IpH (POHOBOM 3HAYEHHH TEUEHCKa-
Tens He Xyke yeM 2 - 1078 mMOap - 1/c U 1Ipu 1aBjieHMH He
BbIIe yeM 5-10~* mbap B oObeme conenouza. JaHHble
TpeOOBaHMST 3aJaHBl TPOM3BOJUTENEM U  ITO3BOJISIOT
OIIPEAEIATh Jake He3HauuTesbHble Teun. IIpoBepka me-
JIOCTHOCTH BaKyyMHOT'0 00beMa COJICHOM/Ia IIPOBOANIACH
myTeM 00ZyBa TeJMeM CHApyXH BCEX CBAPHBIX IIBOB, a
TAKXKE TIIYyXHX q)HaHHeB, KOTOPbIC 6I>IJ'II/I YCTaAHOBJICHBI
BMECTO TPAHCIIOPTHBIX MITU(TOB, MPEIOXPAHSIONINX BCE
BHYTPEHHEE 00OpYIOBaHHUE, TEIUIOBBIE MOCTHI, OTIOPHI H
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On the Launch Status of the MPD
Detector Magnet: We Started Tests!

After the successful installation of the solenoid into
the magnetic circuit, engineers of ASG Superconductors
performed a computer simulation of the magnetic field.
The simulation was aimed to determine the effect of devi-
ations that appeared while installing the solenoid into the
magnetic circuit. These deviations were within tolerance
and amounted to no more than 0.5 mm along the vertical
axis and 2.4 mm along the horizontal one from the nomi-
nal value. According to the manufacturer, the ASG compa-
ny, these deviations did not influence the uniformity of the
magnetic field, so there was no need to perform additional
adjustment of the solenoid position in the magnetic circuit.
Taking this into account, the solenoid was installed in its
position, and we started preparing for its testing.

Before the magnet is put into operation with cooling
up to 4.5 K and we start performing magnetic measure-
ments, we should carry out a lot of work on the assembly of
the solenoid and its elements. We should conduct strength
and leak tests, perform electrical tests, assemble and test
the cryogenic system, as well as assemble and connect the
water cooling of the solenoid power supply systems.

The solenoid tests involve checking its vacuum vessel
for leakage, as well as the nitrogen thermal shield loop and
the loop of liquid helium circulation for strength and leak-
age. These tests are performed using the vacuum method
at a background value of the leak detector of not worse
than 2-10~8 mbar-1/s and at a pressure not exceeding
5-10~* mbar in the solenoid volume. These requirements
are given by the manufacturer and allow us to determine
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TpyOOIPOBOAKI (KaK yKa3aHO B JOKyMeHTax, cold mass)
OT MOBPEX/ICHNUS IPU TPAHCHIOPTUPOBKe. B ciryyae morma-
JIaHUSI TETHS B OTKaYMBAEMBbIN 00BbEM MOJIEKYJIa TeJHs Jie-
TEKTUPYETCSI TeUEHCKATEIIEM.

Jliist IpoBepKN Ha TePMETUYHOCTh a30THOTO W Telu-
€BOT'0 KOHTYPOB BHYTPb Ka)kK/I0TO U3 HHUX ITOJAETCsl TeITNH
o naBieHueM 10 u 25 6ap coorBeTcTBeHHO. B citydae
TEYW TeJMH TaK)Ke MOMNaJeT B OTKAaYMBACMbIH 00beM, U
Teub Oyner oOHapyxkeHa. ClieyeT OTMETHTh, YTO JaBJie-
HUE BO BpeMsl HCIIBITAHUI IpeBbIaeT padouee B 1,5 pasa,
YTO TOBOPUT O JIOIOJIHUTEIFHOM 3amace MPOYHOCTH H3Jie-
JUISL.

Cunamu cotpynaukoB JI®BD, 3aHATEIX Ha WCTBITA-
HUSIX COJICHOWAA, pH ydacTuu kosuier u3 JIHD Obia pas-
paboraHa u cornacoBaHa co cnenuamuctamu ASG cxema
WCIIBITaHHM, @ TAK)KEe M3TOTOBJICH UCIIBITATENbHBIN CTEH]I,

BKJIFOUAIOLIMI B ce0si BAKyyMHOE 00Opy/IOBaHKe, pe/o-
XpaHUTEIbHBIC ¥ YIPABJSIFOIIUC KJIANlaHbl, TICPEXOTHUKA
" (IaHIEeBbIC COCTMHEHUS MMOIKIIOUYCHHS CHCTEMBI K HC-
neITBIBaEMOMY 00beMy. [IporecTupoBana n aganTupoBaHa
O] UCIIBITAHHSI BAaKyyMHAsl CHCTeMa cojieHona (puc. 1).
CekropoM uH)eHepHO# nomaepxku MPD Obiia pa3pado-
TaHa TPOrpaMMa aBTOMATHYECKOTO YIPABICHUS BaKyyM-
HOUW CHCTEMOI1, MPEA0TBPALIAIONIasi BEIXOJ U3 CTPOsi 000-
PYIOBaHUS WM Pa3TePMETH3ALNIO COICHONIA B TIpoIiecce
HCTIBITAHUH.

VcneiTanus, ctapT KoTopeiM fman aupextop OWSAN
I B. TpyOHUKOB, TPOBOAMIKNCH CHJIAMH CIICIIHAIUCTOB
OUAUN B mpucyrcTBun uHcekropa ot ASG. Ilo pe3yis-
TaraM HMCHBITAHUI OBUIO YCTAHOBJICHO, YTO BaKyyMHBIH
00beM W (UaHIBl HA TOpLAX COJCHOMIA TEePMETHUYHBI
Taxke ycHemmHo MpoIuen TecT Ha YTEUKy M TeJHeBbIil

Puc. 1. UcnpiTanus
W HaJlaJlka BaKyyMHOM
CHCTEMEI COJIEHOM/IA

Fig. 1. Testing and tuning
of the vacuum solenoid
system

even minor leakage. We have tested the integrity of the
vacuum volume of the solenoid by blasting from the out-
side all the welds, as well as the blind flanges that were
installed instead of transport pins with helium. These pins
protect all internal equipment, thermal bridges, supports
and pipelines (all this is called “cold mass” in the docu-
ments) from damage during transportation. If there is any
helium in the pumped volume, the helium molecules will
be detected by the leak detector.

To test the nitrogen and helium loops for leakage, he-
lium is supplied inside each of them with a pressure of
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10 and 25 bar, respectively. In case of leakage, helium
will also get into the pumped volume and we can detect
the leakage. It is worth noting that the test pressure ex-
ceeds the working one by 1.5 times, which indicates an
additional margin of strength of the product. Employees of
VBLHEDP, taking part in the solenoid testing, together with
their colleagues from FLNP and ASG, developed a plan
for conducting the tests. A test bench was also produced,
including vacuum equipment, safety and control valves,
adapters and flanges for connecting the system to the test-
ed volume. The vacuum solenoid system was tested and
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Puc. 2. Jlokanuzamust (a)
u peMoHT (b) a30THOTO KOHTYpa
TEIIIIOBOTO JKpaHa COJICHON 1A

Fig.2. Localization (a) and
repair (b) of the nitrogen loop of
the solenoid thermal shield

Puc. 3. TIposepka
LEJIOCTHOCTH CBEPXIIPOBOISIIMX
kabeelt OOMOTKH COJIEHOH/ 1A

Fig. 3. Testing
the integrity of superconducting
cables of the solenoid winding

adapted for testing (Fig. 1). The MPD Engineering Support
Sector specialists developed a programme for automatic
control of the vacuum system that prevents equipment
failure or solenoid loss of sealing if some accident occurs
during testing.

JINR specialists conducted the tests in the presence
of inspector from the ASG company. The start of the
tests was given by JINR Director G. Trubnikov. The test
results showed that the vacuum volume and the flanges
installed at the ends of the solenoid are sealed. The heli-
um loop also successfully passed the leak test. However,

the nitrogen loop failed the test. JINR specialists discov-
ered a leakage in the nitrogen shield loop. As a result of
the search, a leakage was found and localized on the tee-
joint, in the welded joint of the copper pipeline. JINR and
ASG specialists jointly developed a leakage prevention
programme. Subsequently, the leakage was stopped, and
repeated testing showed the sealing of the loop within the
specified parameters (Fig. 2).

In addition to strength and leak tests, the specialists
of Protection of Electrical Devices group conducted elec-
trical tests of the integrity of the superconducting solenoid
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KoHTYp. OmHako OblTa BBISBICHA T€Yh KOHTYpa a30THO-
ro sKkpaHa. B mpoiecce noucka teub OblLia OOHapyKeHa
Ha TPOWHHUKE — B MECTE MaiiKK MEJHOro TpyOOoIpoBoa.
[pencrasurensamu ASG u OUSAN Obima pa3paborana u
COINIacoBaHa IporpaMMa peMOHTa, TeUb Oblila YCTpaHeHa,
a MOBTOPHBIE MCIBITAHUS MOKA3aJId TepPMETHYHOCTH KOH-
Typa B IIpe/iesiaX 3aJaHHbIX TTapaMeTpoB (puc. 2).

CHe]_[I/IaHI/ICTaMI/I TpynIibl 3alINUTHI OJICKTPOTEX -
HUYECKUX YCTPOMCTB OBUIM IIPOBEIICHBI 3JIEKTPUYECKUE
WCIBITAHUS 1IEJOCTHOCTH CBEPXIIPOBOISLICH OOMOTKH
COJICHOW/IA, & TAKKe Ha OTCYTCTBHE KOHTaKTa OOMOTKH H
Kopityca cosnenouna (puc. 3).

B 310 e BpeMsi COTpYTHHUKH J1a00paTOPUH COBMECT-
HO ¢ nipencTtaButesiMu ASG mpoBenn paboTHI 1O MTPOBEp-
Ke pPabOTOCIIOCOOHOCTH Pa3beMOB, PACIIOIOKEHHBIX Ha
TOpLAX COJICHOM[A, OT KOTOPBIX B CHUCTEMY KOHTPOJSI U
YIIPABJICHHUS MTOCTYIAIOT YIPABISIOMINE U HHPOPMALIHOH-
HBIE CHTHAJIBI, @ TAKXKE IPOBEPUIIN AATYUKH TEMIIEPaTypbl
n HarnpspkeHust. CieayeT OTMETUTb, 4TO 3TO ObLIa Kpomo-
TIIMBAas U OTBETCTBEHHAs pabora. Bcero Ha 1esl0CTHOCTH
06110 00cIe10BaHO 0KOJIO 450 Kabenei. B xome mpoBepku
pa3beMoB OBUIO BBISIBJICHO, YTO OJUH M3 HUX BBIIIEN U3
CTPOSI M MOJUICKUT 3aMEHE, KOTOPYIO IIPOU3BENHN CIICLHa-
nuctel ASG. IToBTOpHAas poBepKa mokasaia, 9To Bee JaT-
YHKH M Pa3beMbl HAXOATCS B pabovyeM COCTOSTHHH.
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ITponomxaroTcst pabOTHI B TOMEIIEHUSX, TPUMBIKAIO-
IUX K TOHHEIIO YCKOPUTEIIA: MOHTAXX CUCTEMBI BOAAHOT'O
OXJIQK/ICHHS AJICKTPOITUTAHHS COJICHOUAA U €ro KOppeK-
THPYIOMINX KaTylIeK. XJIaJareHTOM KOHTYpa OXJIQXKICHUS
ABJIAETCS JIeMUHEPAIN30BaHHAsl BOJA, LMPKYIHPYIOIIAs
M0 3aMKHYTOMY KOHTYpY. TeruiocheM OCYyIIECTBISIETCS B
IUTACTHHYATHIX TEINIO0OMEHHHKAX.

[IpoBoauTCs MOHTaX CI1a0OTOYHBIX Kabenel CoIeHo-
uja, a TaKke NpoBepka ux padorocrnocobHocTH. [Tocie
IIPOBEPKHM MOHTa)KHBIE JIeca BOKPYT cojieHouaa OynyT pa-
300paHbl U HAYHETCS COOpPKa MarHUTONIPOBOnA (YCTaHOB-
Ka OTIOPHBIX KOJIell, a Takke 0ajok) 6e3 BepxHeil Oaku,
KOTOpasi JIOJDKHA OBITh YCTaHOBIICHA I10CIE YaCTHYHOM
cOOpKH y3J1a MOAKIIOYEHUS] TPYOOTIPOBOIOB OXJIaXKACHHS
COJICHOMIA, CBEPXIPOBOIAIINX KaOeneil u BakyyMHOH py-
OalIkd K KOHTPOJIBHOMY COCYIy Jbloapa. 3areM Ha oue-
penu paboThI IO N3MEPEHUIO TIOJIOXKEHHS BCEH KOHCTPYK-
ouu (MarHUTONIPOBO/Ia M COJICHOWAA) U (DHHAIIBHOTO
omnpenesieHus OTKIOHeHU . [lapamieabHo ¢ 3TOl paboToit
cneruanucramu OSSN u ASG npoBonsTes pazpaboTka u
COITIacOBaHME IUTaHa paboT MO cOOPKE KOPPEKTUPYIOMINX
KaTyIIeK MarHuTa U UX yCTaHOBKH B IOJTIOCA.

winding, as well as of the absence of electrical short be-
tween the winding and the solenoid surface (Fig.3.).

At the same time, specialists of the Laboratory, to-
gether with ASG representatives, tested the performance
of connectors located at the ends of the solenoid, from
which control and information signals are transmitted to
the monitoring and control system; temperature and volt-
age sensors were tested as well. It is worth noting that it
was painstaking and responsible work. In total, about 450
cables were tested for integrity. While testing, we found
that one of the connectors had failed, and ASG specialists
replaced it. A follow-up testing showed that all the sensors
and connectors were fully operational.

In addition, we continue working in the buildings ad-
jacent to the accelerator tunnel, namely, we continue to
install the water cooling system of the solenoid power sup-
ply and its correcting coils. The coolant of the cooling loop
will be demineralized water circulating in a closed loop.
Heat removal will take place in plate heat exchangers.

Low-current solenoid cables are being installed and
their performance is being tested. After testing, the scaf-
folding around the solenoid will be disassembled and the
assembly of the magnetic circuit (installation of support
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rings and plates) will begin without the upper plate. This
plate will be installed after partial assembly of the connec-
tion unit of the solenoid cooling pipelines, superconduct-
ing cables and the vacuum jacket to the control Dewar.
After assembly, we will measure the position of the entire
installation (magnetic circuit+solenoid) for the final de-
viations. At the same time, JINR and ASG specialists are
jointly developing a work plan for the assembly of correct-
ing magnet coils and their installation into the poles.
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