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Introduction and requirements
Basic requirements for the Current Source and Energy Extraction System:

Current in a circuit 5200 A;
Current setup accuracy and longterm stability — 100 ppm

The amount of the stored energy to be extracted ~ 20 MJ. Stored energy should
be extracted to the external dump resistor with the value of 0.1 Ohm. The active

elements of the dump resistor should not be hotter than 100 °C;

Middle point should be introduced and grounded in order to minimize the

voltage between the coil and ground.

Dump resistor should have as minimal as possible stray inductance and must

be installed in parallel with the extraction switch;

The opening time of the energy extraction switch ~ 20 ms;
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Racks & Cabling diagram
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Racks position
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Thermal calculations

Dump resistor

Room temp, °C
25
25
25

Cables

Type of cooling
air

air
water
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dT, K
60
80

100

crossection,
mm”2
3000
3200
1000

Cv, JIkg*K
500
500
500

Cable length,
meters

20
20
20

W, MJ
20
20
20

R, mOhm

0,120
0,113
0,360

105
125

delta U, V

0,624
0,585
1,872

m, kg
667
500
400

P, W

3244.8
3042,0
9734,4

A/mm~2

1,73
1,63
5,20



General design of 5200 A Current Source

l Interlocks
CIBm I
?onnatlrc:)g: Contactor EMI filter =—
5 S! unt
GSP_1
B o shunt |
[ee)
3 GSP_2
x DéCT 5200A
S shunt
GSP_3
S shunt
GSP 4

System Controller

-
Ext.
control

25.04.2023 8



Control electronics, general view

General current control is looped through Multifunctional Module integrated to the System
Controller. Two Interface Control Modules (ICM) for redundancy control two breakers of the energy
extraction system independently. Current Source is controlled by Control and Interface Board
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PS Control electronics
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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 unit in
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 trough the
digital interface. CIBm module forms analog control
value to GSP. CIBm also collects data, interlocks and
statuses from GSP by digital interface.
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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;

e Efficiency 90%

e Load regulation in current mode < 0.08% from nominal;

e Output ripples in voltage:

e 5S5Hz-1IMHz <8mV rms,

e Current control resolution < 0.002% from nominal (20ppm)

e Control Interface — RS232/485, USB, LAN

e Input power line — 3 phases 380V with neutral. The current control resolution of 20ppm
e Cooling — forced air, Is provided by the internal ADC

e Form factor — Euro Rack 197, 3U 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 5200A, parameters

Maximal output power 52 kW,
Nominal output current 5200 A;
Maximal output voltage 10 V;
8 hours run Stability - < 0.01% from nominal;
Output ripples in voltage:
S5 Hz-1 MHz < 8 mV rms,
20 MHz <75 mV 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 2200 mm x 800 mm x 800 mm, weight
300kg.
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Analog values:

a

a

a

Output_Current
Output_\oltage
Ireg_Error

Interlocks and Statuses:

O 0O O OO ODOD 0OODUD OO 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

12



Energy Extraction System

Energy Extraction System, general layout
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Energy Extraction System, parameters

-+ Electromechanical
R_dump, 0,1 Breaker
as a main protection
- element (Switch)
EES switch
Snubber

| |

|
Parameter Value Unit
Nominal current 5200 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
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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]-

300 300

200 200

100 100 -

0 0

100 -100 | '
start 4 8 12 t[ms] start 4 g 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 control electronics

System Controller
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Energy extraction system for redundancy
consists of two breakers, therefore, we
need two undependable ICM modules to
follow the redundancy principle of two
breakers control. First ICM controls
Breaker A, and second — Breaker B.
Digitizing of analog signals is shared
between to ICM modules.
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Digital 1/0 I

Energy Extraction System
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Energy extraction system control electronics
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ICM#1 controls Breaker A by four digital signals: ZVRD_A (zero voltage release device, BrA), IRD_A (independent
release device, BrA), Motor ON_A, Motor_OFF_A (motor drives). Furthermore, ICM#1 receives statuses of Breaker
A, digitizes current sharing analog signals and monitors the voltage of the buffer capacitor on the Breaker A driver
board - U _cap_A.

ICM#2 controls Breaker B similar to ICM#1, but digitizes other analog signals: temperature of the dump resistor,
energy extraction system voltage drop, temperature in the rack and monitors the voltage of the buffer capacitor on the

Analog Analog
Digital

Breaker B driver board.
Communication between ICM#1, ICM#2 and System Controller is provided by RS485 interface. It is important to

mention that ICM transmits status of Breaker to CIBm board and receives Fast Power Abort signal.
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Quench protection
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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
to 500 V during any normally protected quench.
The system relies on the monitoring of the
resistive voltages associated to the normal zone
spread and quench development via voltage taps
installed on the coil modules as well as on the
joints and bus bars.

To assess the quench performance of the SPD
solenoid, quenches have been initiated at different
locations in each of the three sub-coils (i.e. across
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 15 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.

25.04.2023
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Magnet protection
Ipumep - Konrposiep ceepxnpoBoasiiero surriepa (SCWC)

JlaHHBIN KOHTpOJUIEp MpeaHa3HaueH g cOopa CHUTHAJIOB OT M3MEPUTENIbHBIX JAaTYUKOB M BaKyyMMETpa U
OJOKUPOBKH UCTOYHUKOB MUTAHU B ciiydae HeoOxoaqumocT. COCTOUT U3:

3 AIIIT (24 Gurt, 36 xaHAJIOB);

o reHeparopsl Toka (10 MKA) 17151 JaTYMKOB TEMIIEPATYpPhI;

o U3MEPUTENHL YPOBHSI )KUAKOTO reus ¢ reHeparopom Toka Ha 0.3A-0.6A;

e M3MEPUTENh AaBlIeHUs ¢ OokoM nutanus 15B;

o M (pOBBIE BXOJIBI JIJIs1 KOHTPOJISI KOMIIPECCOPOB U BBIXOJIbI ISl UX JUCTAHIUOHHOTO OTKIIIOUEHUS;
o JIOTHKA OJIOKUPOBKU HCTOYHHUKOB MTUTAHUS,

o pa3zbeMBbI 17151 TOJIKJIFOUEHHUS BCEX HEOOXOIUMBIX TaTYUKOB U KBEHY-/IE€TEKTOPA;

o BBIXO/1 JUIsl OJIOKUPOBKU UCTOYHUKOB MUTAHMS;

o 2 RS-232 untepdeiica 11 CBA3M € yIPABISIONIIM KOMITBIOTEPOM M HACTPOUKH.

Jlnst 6e30macHON U HaJIeKHOM pabOThl CBEPXIPOBOJSILETO BUTTIEpa 00ECIEUYMBAETCS MOHUTOPUPOBAHUE €0
OCHOBHBIX TapaMETPOB, & UMEHHO:

o Temmneparypa B KpUTUYECKUX MECTaX;
o JlaBreHne 1 ypOBEHB JKHUJIKOTO TEJIAs B PE3EPBYapeE;
o N3011MOHHBIN BaKyyM;

Bce O10kupoBKM OOBEAMHSIOTCS M MMEIOT BBIXOA B BUJE «CYXHX» KOHTAKTOB /I OJIOKHMPOBKH MCTOYHHKOB
nuTaHus. Takxke craryc OJOKHPOBOK aocTyneH ajs yreHus uepe3s COM-mopr.
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Magnet protection

KonTposiep cBepxnpoBoasimero Burriiepa (SCWC), 6;10k cxema
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Magnet protection

KBenu-gerexrop

KBCH‘-I-IICTCKTOP BBIITOJIHCH B BUAC OTACIIBHOI'O Onoka u pasMCIIaCTCA Ha KOPITYCC KpHUOCTaTa. On cocTouT u3
ABYX HC3aBHUCHUMBIX 0JIOKOB O6H3pY)I(CHI/I$I.

|| [lepBas cxema oOHapyXUBaeT ArcOaanc
I i (— HaIPSHKEHUN MEXKY BEPXHEN U HUKHEN
VN o™ = | MOJIOBUHAMH BHTTJIEPA B CIIy4ae CpPhIBA.
— [ToporoBelii quc6ananc 1 cpabarbIBaHUS

varpen JIETEKTOpa COCTaBIIsAET OKOJIO0 5B.

Oamn-
peancTop

T

McTounuk
nuTaHus

T

peaucTop HanpspkeHns Taiimep Keeny
mnu
HanpsHKeHms

pesncTtop

Bropas cxema oOHapy>KHBaeT MOSIBJICHUE
W 7N Xoromsse HaANPsDKEHUS Ha JIaMIT-pEe3UCTOpax Mpu

avoae!

SZZ XonogHble
avoas!
% Oamn- [Hetektop | TNorvika n
TNornyeckoe
VAN poo™®
[l‘] Damn- [etektop
% [l] : A OTKPBIBAHHWH XOJIOAHBIX JHUOJ0B B CJIy4dac
amn- eTekTOp

pesuctop HanpshKkeHnst

KBCHYA.

ITeperpeB TOKOBBOIOB

JU1st mpenoTBpalleHrs CPbhIBA CBEPXITPOBOJUMOCTH B TOKOBBO/IAX, BBIMOJHEHHBIX U3 BICOKOTEMIIEPATYPHOTO
CBEPXITPOBOHMKA, KOTOPBIA MOXKET MPUBECTU K UX HEUCITPABHOCTH, IPEIYCMOTPEHA OJIOKUPOBKA UCTOYHUKOB
nurtanus npu ux neperpese. SCWC npou3BoAauT anmapaTHyro OJOKMPOBKY MIPU TEMIEPATYPE TEIIION CTOPOHBI
TOKOBBOJIOB BhIlIe 70K min xom0aH0M cTOpOHKI BhIlIe OK.
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Magnet protection

i 2

SCW controller

Physics = &
]‘ &
SCWC i i Reboot @ @ com2

Ha nepenneii nanean SCWC:

e  3enenslit cBeToanon “Work”. Muauiupyet paboTocrnocoOHOCTh KOHTpOJUIepa MUTaHKEeM. B cocTossHun
OJIOKMPOBKU 3TO KOPOTKUE BCIIBIIIKU, B pa00UYE€M COCTOSIHUN — KPATKOBPEMEHHBIEC 3aTeMHECHMUSI.

e Knonka “Reset”. HaxxaTue 3T0#1 KHOIIKHM cOpachIBaeT Bce paHee 3aMKCUPOBAHHBIE OJIOKMPOBKH U
Ppa30I0KUPYET UCTOUHUKY TUTAHUS, €CITU aKTyaJbHbIE OJJOKUPOBKU OTCYTCTBYIOT. J[JTUTEIbHOE HAXKATHE ITOU
KHOIIKH B TeueHue 6osee 15 cekyHa B paboueM pekrMe BBI3BIBACT SMYJISAIINIO JCTCKTUPOBAHUS KBEHYA (1S
TECTUPOBAHUA).

e  Kpachsrii cBeTonuon “Quench”. HempepsiBHOE ropeHHE 3TOTO CBETOMO/Ia HHAMIIUPYET, YTO MTPOU30IIIEIT
KBEHY (cpaboTajn KBeHUY-JAETEKTOp). MUranue 3Toro CBETOAMOAA CBUACTEIILCTBYET O TOM, YTO KBEHU-IETEKTOP HE
MOJIKJIFOUEH, HEMCITPABEH WJIM YCJIOBHUSI, PUBEIIITNE K CpabaThIBAHUIO JETEKTOPA, COXpaHstoTcs. B aTom cirydae
cOPOC HEBO3MOYKEH.

e  Kpacusiii ceetonuon “Interlocks. MuaumupyeT OIOKUPOBKY MO TeMIIepaType.

e Knomka “Li He meter”. KopoTkoe Ha)xaTtre 3TOW KHOTIKH HHUIIUUPYET HEMEIJICHHOE OTHOKPATHOE
M3MEPEHUE YPOBHS JKUJIKOTO TeNusl. YAep>KaHue dTOW KHOIKU HaXKaToi Oosiee 3 CeKyH 1 MPUHYIUTETHHO
BKJTIOUAET 3alPOrpaMMHUPOBAaHHBIN PEKUM H3MepeHHs (OAPOOHOCTH CM. B IPUIIOKEHUH A).

e  Cunwmii cBetonuon “Li He meter”. Muranue 3T0ro HHAXKATOPa HHAXLUPYET U3MEPEHUE YPOBHS TeITUS.
KopoTkue BCHBIIKY 3TOr0 MHUKATOPa 03HAYAIOT, YTO 3aJaHO U3MEPEHHUE YPOBHS Ieus pa3 B S MUHYT WIIH Yallle.
e  VromneHHas kHomka “Reboot”. Ciayxut a1 npuHyIUTENBHOM Mepe3arpy3ku KOHTPOJLIepa.

e Pazpem “COMZ2”. Orot pazseM RS-232 nyOnupyeT aHAIOTUYHBIN, PACTIONOKECHHBIN HA 33 {HEH TTaHETT!
KOHTpOJLIEPA.
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Magnet protection

AC Power COM2

scwc | L

Fuse 1A

Ha 3aanHei naneau:

Pa3zbem cereBoro nuranus ¢ npegoxpanutenem (1A). Bxonnoe nanpsokenue 100-240B, wactora 50/601 .
“COM1” u “COM2” moptst RS-232.

bnox u3 32 pazsemoB RJ-45. B Tom uucre:

“PS1” u “PS2” BbIXObI OJIOKMPOBOK MCTOYHUKOB MTUTAHUS;

“Cmpr1”..“Cmpr4” njiast MOHUTOPUHTA KOMIIPECCOPOB;

“QD” nis MOAKIIFOUCHHS KBEHY-/IETEKTOPA;

“He” myis moakItoYeHust ypoBHEMEpa KUIKOTO TeIus;

HymepoBanublie kanansl AL 1is moaKiroueHns JaTYUKOB, B TOM YHUCIIE:
kaHaiibl 0..4 17151 ©3MEpEeHNs HaIIPSKEHUI — UCTIONB3YIOTCS ISl TaTYMKOB JABJIEHUS U BaKYyyMETpa
KaHaiibl 6..35 ¢ uctouHukamu Toka 10MKA 17151 JaTYNKOB TEMIEPATYPHI.
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Attention!



