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Power supplies’ paralleling circuit
DZ1070N18K, 1100 A
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Racks & Cabling diagram

thermal exhaust system?
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Kommymamop
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Racks position
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Preliminary drawings
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Thermal loses calculations

Mass of the stainless steel of the Dump Resistor

Room temp,

°C dT, K Cv, Jkg*K W, MJ
25 60 500 20
25 80 500 20
25 100 500 20

Cables resistanse and voltage drop

Cable
p, Ohm * crossection, length,
mm”~2/m mm”"2 meters
0,018 3000 20 0,120
0,018 3200 20 0,113
0,018 1000 20 0,360

14.05.2024

85
105
125

R, mOhm delta U, V
0,624
0,585
1,872

m, kg
667
500
400

Current
density,
P, W A/mm”2

3244.8 1,73
3042.0 1,63
9734,4 5,20

Number of racks L, Hn

1
1

Cooling type
air
air

water

I, A Stored Energy, MJ
1,50 5200

20
Cables, total
weight, kg*
536
572
179
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Thermal loses calculations

Estimation of thermal losses of a 5kA current source and energy exstraction system When the sources are operating,
losses to water are associated
TDK-Lambda GSP15kWw, 10V, 1500A with cooling of series diodes - 4
Water flow, kW. With slow energy output, the

Air W Water W Umin. 6 bars  sources are turned off, there are
no losses in the series diodes, but

U 10V . .
I 1500 A Io_sses appear in the freewheeling
Efficiency 89% diodes - 17 KW.
Unom 15V 0,6 V cables + 0,8 V diode
Inom 1000 A
PS_loses, max 1100 W 1000A* 10V *11% 1100 0
PS_loses, nom 200 W It's not a fact that it's linear 200 0 Losses on freewheeling diodes
during slow energy output.
Conventionally linear from 5000
5000 A Current Source Ao 0in 2500 sec. 2 diodes with a
voltage drop of 1.7 V at a current
Air, W Water, W of ¥kA. 1.7V *5000A*2 =17
U 10V . Diodes (3600A, class 12): 2
| 5000 A in sc_eries, 2 in parallel =4
Efficiency 89% radiators.
Unom 15V 0,6 V cables + 0,8 V diode Constant losses on series diodes
Inom 5000 A in the circuit of each source. 0.8
A— V *1000 A *.5 = 4 KW. For each
P Diodes Bus ouwemns L2
CS_loses, max 10500 W (1100 + 0.8*1000 + 200)*5 6500 17000 los’ses.FiAT 10K
(200+200) 5 0-8*1000*5
CS_loses, nom 6000 W (200 + 0.8*1000 + 200)*5 2000 4000 12
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General design of 5000 A Current Source
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PS Control electronics

External Control

System controller

Alarm button

—

Doors_open

—

Leakage Current

Contactor Status
—

Water flow

??#

Load Overcurrent

|

Load Overpower

|

Phase Error

|

Overtemperature

|

The current source concept is based on the parallel
connection of four commercially available power
supplies covered by a common external feedback
with an external current sensor. In this case,
characteristics such as accuracy and long-term
stability are determined not by the single power
supply unit, but the feedback loop gain, the
characteristics of the external current sensor, and the
resolution of the ADC built into the unit. Each unitin
this case is just an executive element.

The external feedback system, as well as current
source control, are based on the high level modular
controller (System Controller). The System
Controller also communicates with the external
control electronics — transmits the interlocks and
commands from the general control system of the
accelerator complex. Multifunctional Module of the
System Controller calculates the current error
according to DCCT value and transmits the corrected
signal (digital feedback) to CIBm module the digital
interface. CIBm module forms analog control value
to GSP. CIBm also collects data, interlocks and
statuses from GSP by digital interface.

14.05.2024
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Current Source (power supply — TDK-Lambda, Genesys+, 10V, 1500A)
Main parameters of the TDK-Lambda Genesys+ 10V, 1500A power supply:

e Nominal output current 1500A;

e Nominal output voltage 10V; \eS
e Load regulation in current mode < 0.08% from nominal; e o

e Output ripples in voltage: o & °

e 5Hz-1MHz < 8mV rms, oo™

e Current control resolution < 0.002% from nominal (20ppm) \6\-)66

e Control Interface — RS232/485, USB, LAN 6@0

e Input power line — 3 phases 380V with neutral.  <v¢*

e Cooling — forced air, The current control resolution of 20ppm
e [Form factor — Euro Rack 197, 3U Is provided by the internal ADC

resolution, which for this family of
sources is 16 bits. This means that with
the sufficiently high external feedback
loop gain, accuracy and stability of the
external current sensor of at least
20ppm, it is possible to provide a long-
term stability of the 5200A current
source of 20ppm.
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Current Source 5000A, parameters

Nominal output power 52kW,;
Nominal output current 5200A;
Nominal output voltage 10V,
8 hours run Stability - < 0.01% from nominal,
Output ripples in voltage:
5Hz-1MHz - < 8mV rms,
20MHz — < 75mV p-p;
Control Interface — RS485 (CAN)
Form factor Euro Rack 42" height
Input power line — 3 phases 380V with neutral.
Cooling — distilled water not warmer than
30°C;
Nominal input pressure 13 bars,
Water consumption 2 liters/min,
Water gradient with the maximal power < 10°C

Sizes 2200mm x 800mm x 800m, weight
300kg.

14.05.2024

Analog values:

a

a

a

Output_Current
Output_\oltage
Ireg_Error

Interlocks and Statuses:

O OO OO OO OO 0O O O O O

Overcurrent (I > “Imax”);
Overpower (Pload > “Pmax”);
Phase distortion for more than 20% ;
Over temperature of the power part;
Earth fault

Fast_Power_ Abort
Emergency_stop

Doors_open

WaterFlow

Circuit_Breaker_On

Contactor_On

Current Sharing

EES Closed

PS Ready
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Energy Extraction System
Energy Extraction System, general layout
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Energy Extraction System, para

= Electromechanical
R_dump, 0,1 Breaker
as a main protection
- element (Switch)
EES switch
Snubber ents
| | Aknol? gP for
| | 10 1ﬂ “fe
the pi€ Lis 0
The'
ar¢ not
Parameter Value Unit
Nominal current 5000 A
Maximal extracted energy 20 MJ
Current polarity Any
Inductance in a circuit 1,5 H
Dump resistor value 0,1+ 5% Ohm
Maximal AT of the Dump Resistor 60 K
Time constant for the energy extraction 15 S

14.05.2024
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Energy Extraction System

Electromechanical Breaker and help of snubber against the arc - example

400 | Breaker Voltage 400 { Breaker Voltage
[V] [V]-
300 N’N 300
200 200
100 100 -
0 0
-100 . 100 | ,
t[ms] start 4 8 12 t[ ms]
Voltage over the contacts while opening Voltage over the contacts while opening
the circuit with Csnab =0 the circuit with Csnab = 0.8 mF
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Energy Extraction System, 3D
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Energy extraction system for redundancy
consists of two breakers, therefore, we
need two undependable ECM modules to

EEID <
CANbus @i“’\ CANbus CANbus follow the redundancy principle of two
¢ breakers control. First ECM controls
Breaker A, and second — Breaker B.
Digitizing of analog signals is shared

3 9 9 between to ECM modules.
SPD High Level Control System
TDK lambda #1
TDK lambda #2 Breaker 1 Breaker 2
Ethernet (modbus tcp)
EES
—a

' ‘ CANbus

TDK lambda #5
£
<
8
Power Supply + Energy extraction system

Energy extraction system control electronics
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Quench protection

The quench protection system (QPS) is designed
to limit the peak temperature on the coil

windings to 80 K and the peak voltage to ground
SR S— T to 500 V during any normally_ prc_)tected quench.
5;‘ 1 D@inélloﬁo . ouench | e § The_) s_ystem relies on th(_a monitoring of the
58 T <=~ Control electronics |« omy | resistive voltages associated to the normal zone
3 o _spread and quench_ development via voltage taps
fffffffffffffffffffffffff Digital 1/0 installed on the coil modules as well as on the
joints and bus bars.
I Breakers !
P é f
| | beeT To assess the quench performance of the SPD
77777777 Sn'ubt')er solenoid, quenches have been initiated at different
| Rampoiom | locations in each of the three sub-coils (i.e. across

—;l— | the two layers as well as at the edges and center of

= | the winding packs). The quench is initiated by rising
the temperature of the selected turn above the critical
value.

During a fast dump, independently from the location of origin of the quench, the current in the coils decays with a
time constant of 17 s. The maximum voltage to ground is 260 V, well below the maximum design limit of 500 V.
The hot spot temperature is limited to a very safe value of 80K.
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Magnet protection
IMpumep - Konrposiep ceepxnpooasimero surriepa (SCWC)

JlaHHBIM KOHTpOJUIEp MpeAHa3HAuYeH g cOopa CUTHAIOB OT M3MEPUTENbHBIX JAaTYUKOB U BaKyyMMeETpa U
OJIOKMPOBKY MCTOYHUKOB MUTAHUS B ciydae HeoOxomuMocTu. COCTOUT u3:

3 AIIT (24 6ur, 36 xaHaOB);

o reHeparopsl Toka (10 MKA) 11 1aTYMKOB TEMIIEPATYPhI;

. U3MEPHUTEIb YPOBHS JKHUJIKOTO Telius ¢ reHepatopoM Toka Ha 0.3A-0.6A;

o W3MEPUTEINb AaBieHUs ¢ 0J0koM nutanus 15B;

o ur(poBbIe BXOJBI JJIs1 KOHTPOJISI KOMIIPECCOPOB U BBIXOJIBI JUJISl UX JUCTAHIIMOHHOTO OTKJIFOUEHUS;
o JoTHUKa OJIOKMPOBKU MCTOYHUKOB MTUTAHUS;

o pPa3beMBbl JIJIsl MOAKIIOYEHUSI BCEX HEOOXOIMMBIX TAaTYMKOB U KBEHY-JIETEKTOPA;

o BBIXOJI JIJIsl OJIOKUPOBKU UCTOYHUKOB MUTAHUS;

o 2 RS-232 unrepdeiica nis CBA3M € YIPABISIIOIIMM KOMIBIOTEPOM M HACTPOMKHU.

JUisa 6e30nacHON M HaJEKHOW pabOThI CBEPXIIPOBOASIIEIO BUTTIIEpA 00ECIIEUNBAETCS MOHUTOPUPOBAHUE €I0
OCHOBHBIX NTaPaMETPOB, & UMEHHO:

o Temneparypa B KpUTUUECKHX MECTAX;
o JlaBneHre 1 ypOBEHB JKHUJIKOTO TE€JIUS B PE3EPBYapE;
o N3001MOHHBIN BaKyyM;

Bce OmoxupoBKH OOBEAMHSIOTCS U UMEIOT BBIXOJ B BHJIE 4 CyXWX KOHTAKTOB /Jisi OJOKMPOBKH MCTOYHUKOB
nuTaHus. Takke cTaryc OJIOKUPOBOK JOCTYIICH JJIA YTeHHs mporpammHo yepe3 COM-mopr.

14.05.2024 23



Magnet protection

KonTposiep ceepxnpoBoasiiero surriiepa (SCWC), 610k cxema
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Magnet protection

KBeHu-nerekTop

KB@H‘I-I[GTCKTOP BBIIIOJIHCH B BUAC OTACIBHOI'O O0Ka u pasMEIIacTCs Ha KOPIIyCe KpruocTara. On cocTout u3
ABYX HC3aBUCHMBIX 0J10KOB O6H21pY)KeHI/ISI.

L [lepBast cxema oOHapyKuBaeT nucOanaHc
] socsaanes [ HANPSKCHUN MEXKIY BEPXHEU U HUKHEN
VN o™ = [ MOJIOBUHAMU BHTTIIEpa B ClIydae CPhIBA.
rorerron [ToporoBelii gucOananc 11l cpabaTbIBaHUS

vanpsxeins JIETEKTOpa COCTABIISIET OKOJIO SB.

Oamn-
peauncTop

1

WcTouHuk
nuTanHus

1

peauctop HanpsxkeHnst Taiimep Keeny
mnu
HanpskeHma

peaucTop

Bropas cxema oOHapyuBaeT MOsIBICHHE

XonogHble
SZZ Anoas!
Oamn- DeTtektop TNorvika n
TNornyeckoe
SZZ XonopHble
anoae!
I;]] Damn- HeTtekTop

VA oo HAaIIpsKCHUA Ha OaMIT-PE3UCTOpax IIpH
: A OTKPBIBAHWH XOJIOAHBIX JUOOO0B B CIIy4ac
amn- eTekTop
I;]] peanctop HanpsKeHNst KBEeHYa.
| SR |

IleperpeB TOKOBBO/I0B

I[JIH MpCAOTBpalICHUA CPbIBA CBEPXIIPOBOAUMOCTHU B TOKOBBOAAX, BBIIIOJJHCHHBIX M3 BBICOKOTCMIICPATYPHOI'O
CBCPXITPOBOJIHHKA, KOTOpBIfI MOKCT NPUBCCTHU K UX HCUCIIPABHOCTH, IIPCAYCMOTpPCHA 6J'IOKI/IpOBKa HCTOYHHUKOB

nuTtanus npu ux neperpese. SCWC npou3BonuT annaparHyro OJOKHPOBKY MPH TEMIEPAType TEIIONW CTOPOHBI
TOKOBBOJIOB BbIlIe 70K MM X0J04HOM CTOPOHHI BhIlIe 6K.
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Magnet protection

Ha nepenneii naneau SCWC:

e  3enensnii cBetoauon “Work”. UnaumupyeT padoToCcrnocoOHOCTh KOHTpOJIIepa MupanueM. B coctosHun
OJIOKMPOBKH ATO KOPOTKHE BCIIBIIIKH, B paO0OYEM COCTOSHHHM — KPaTKOBPEMEHHBIE 3aTEMHEHUS.

e Knonka “Reset”. Haxarue 3T0i1 KHONIKK cOpachIBaeT Bce paHee 3aMKCUPOBaHHbIE OJIOKUPOBKH U
Pa30JI0KUpPyeT UCTOYHUKH MTUTAHUS, €CIIU aKTyalbHble OJOKUPOBKH OTCYTCTBYIOT. J{JTUTENbHOE HAXKATHE ITON
KHOIIKU B TeueHue 6osee 15 cekyHn B paboueM pekrMe BBI3BIBAET SMYIISIUIO IETEKTUPOBAHUS KBEHYA (7151
TECTUPOBAHUS).

e  Kpachsrii cBeToquon “Quench”. HenpepbiBHOE ropeHre 3TOT0 CBETOIUOAA UHAUIIUPYET, YTO MPOU3O0IIET
KBEeHY (CpaboTas KBeHY-AETEKTOp). MUranue 3Toro CBeToIMo/1a CBUIETEILCTBYET O TOM, YTO KBEHUY-IETEKTOP HE
MOJIKITIOYEH, HEHCIIPABEH WM yCIIOBUS, MPUBEIINE K CpadaThIBAHUIO JETEKTOpa, COXpaHatoTcs. B aTom cimyuae
cOpPOC HEBO3MOXKEH.

e  Kpacwusrii ceetomuon “Interlocks. MuaumupyeT GJIOKHPOBKY IO TEMIIEpaType.

e Knonka “Li He meter”. KopoTkoe Ha)kaTue 3TOH KHOTIKY HHHIIMAPYET HEMEIJICHHOE OJJHOKPATHOE
W3MEpEHNE YPOBHS JKUKOTO Telins. YAepKaHue 3TON KHOMKHA HaXkaTon Ooliee 3 CeKyH]l MPUHYIUTETHHO
BKJTIOYAET 3alPOrPaMMHUPOBAHHBIA PEKUM H3MEPEHUs (TTOAPOOHOCTH CM. B IPHIIOKEHHUH A).

e  Cunnii cBetoamon “Li He meter”. MuraHue 3TOro WHAMKATOpa UHAUIUPYET U3MEPESHUE YPOBHSI TEIIHSL.
KopoTkue BCHBIIIKYA 3TOr0 MHWKATOPA O3HAYAIOT, YTO 3aJaHO U3MEPEHUE YPOBHS Iejius pa3 B S MUHYT WJIM Yalle.
e  VromrenHnas kHonka “Reboot”. Cinyxut ais npuHYIUTEIBHON IIepe3arpy3ky KOHTPOJLIEpa.

e Pazpem “COM2”. Orot pazseM RS-232 nybnupyeT aHAIOTHYIHBIN, PACTIONOKEHHBIN Ha 3aIHEH TTaHeT!
KOHTpOJLIEepa.
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Magnet protection

' r‘v"r‘sr‘?"v"f‘!". |

Ha 3agHeil manenu:
Pa3zbem cetreBoro nuranus c npegoxpanurenem (1A). Bxognoe nanpsbkenue 100-240B, gactora 50/601 1.
“COM1” u “COM2” nopter RS-232.
bnok u3 32 pazeemoB RJ-45. B Tom uucne:
“PS1” u “PS2” BBIXO/BI OJIOKUPOBOK UCTOYHUKOB IMUTAHUS;
“Cmpr1”..“Cmpr4” njist MOHUTOPUHTA KOMITPECCOPOB;
“QD” nns moakrOYeHUsT KBEHU-IETEKTOPA;
“He”’ 115 moakIt0OueHUsT ypOBHEMEPA JKUIKOTO TeIIUs;
HymepoBannsbie kananbl AL a1t mogkiroueHus JaTYMKOB, B TOM YHCIIE:
kaHaisbl 0..4 17151 U3MEPEHUS HANIPSIKEHUN — UCTIONB3YIOTCS JIJISl JATYUKOB JIABIICHUS U BaKyyMeTpa
KaHaJbl 6..35 ¢ ucrounukamu Toka 10MKA 171 1aTYMKOB TEMIIEPATYPHI.

KBeHnu-nerekrop

KBeHII-,Z[CTeKTop BBIIIOJITHCH B BUAC OTACIBHOI'O OJIOKa U Pa3MCIICH HCIIOCPCACTBCHHO HA KOPITYCC BUITIICPA.
HpHHIII/Il'I cro pa6OTBI OIIMCaH B pa3acliic, IMIOCBAILICHHOM 6J'IOKI/Ip0BKaM.

MoHUTOPUHT KpHOCTATA

Jlns obecriedeHusi O0e30macHOM U HAAEKHOM pabOThI MPOU3BOAUTCS MOHUTOPUHI OCHOBHBIX MapameTpoB
KpUOCTaTa, a UMEHHO!

Temneparypbl B KpUTUYECKUX TOUYKAX;
YpOoBEHb KHJIKOTO T'eIusl B TeJIMEBOM Oake;

JlaBneHwne reaus B reJIneBOM Oake,
M30asI11MOHHBIA BaKyyM.
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