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Requirements for the Power Supply and Energy Extraction System:

 Current in a circuit 5100 A;

 The amount of the stored energy to be extracted is 22MJ. 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 100C;

 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 is not specified;

Introduction and requirements
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Powering circuit
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Cabling diagram
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Cabling diagram
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Racks position
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Calculations
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General design of four paralleled current sources controlled by ACU
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Power Supply (Current Source – TDK-Lambda, Genesys+, 10V, 1500A)
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Power Supply (Current Source – TDK-Lambda Genesys+, 10V, 1500A)
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Main parameters of the TDK-Lambda Genesys+ 10V, 1500A power supply:

- Nominal output power 15kWt;

- Nominal output current 1500А;

- Nominal output voltage 10V;

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

- Output ripples in voltage:

- 5Hz-1MHz - < 8mV rms,

- 20MHz – < 75mV p-p;

- Control Interface – RS232/485, USB, LAN

- Form factor Euro Rack 19”, 3U

- External conditions – room temperature 10 – 350С;

- Input power line – 3 phases 400V with neutral. 

- Cooling – forced air,

- Sizes (WxHxD), mm, 423 x 132,5 x 640, weight 23.5kg.

- Analog values:

• Output_Current

• Output_Voltage

- Interlocks and Statuses:

• PS OK;

• CV/CC signal;

• LOCAL/REMOTE Analog control;

• LOCAL/REMOTE Analog signal;

• ENABLE/DISABLE Signal;

• INTERLOCK (ILC) control;

• Programmed signals;

• TRIGGER IN / TRIGGER OUT signals;

Power Supply (Current Source – TDK Lambda Genesys+, 10V, 1500A)
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 Nominal output power 51kWt;

 Nominal output current 5100А;

 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 – USI

 Form factor Euro Rack 42” height

 External conditions – room temperature 10– 350С;

 Input power line – 3 phases 400V with neutral. 

 Cooling – distilled water not warmer than 300С, for the diodes

 Nominal input pressure 13 bars,

 Water consumption 2 liters/min,

 Water gradient with the maximal power < 10оС

 Sizes 2000mm x 800mm x 800m, weight 300kg.

Power Supply 5100A, parameters
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 Analog values:

 Output_Current

 Output_Voltage

 Ireg_Error

 Interlocks and Statuses:

 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

Power Supply 5100A, parameters
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Power Supply 5100A, drawings
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Power Supply 5100A, drawings

AC input power distribution diagram
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Power Supply 5100A, drawings

EMC Filter Schaffner

FN3270, 150A

Contactor Siemens

3RT, 150A

Circuit Breaker Siemens

5SY6306, 150A

Terminals Weidmuller 

WDU 50N, 150A
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Powering circuit
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Energy Extraction System

Energy Extraction System, general layout



27.05.2020 20

Electromechanical Breaker and help of snubber against the arc - example

Voltage over the contacts while opening 

the circuit with Сsnab = 0

Voltage over the contacts while opening 

the circuit with Сsnab = 0.8 mF

Energy Extraction System
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№ Parameter Value Unit

1. Nominal current 5100 А

2. Maximal current 5400 А

3. Maximal extracted energy 22 MJ

4. Current polarity Any

5. Inductance in a circuit 1,69 Hn

6. Dump resistor value 0,1  5% Ohm

7. Maximal overtemperature of the Dump Resistor 60 К

8. Time constant for the energy extraction 16,9 s

Electromechanical 

Breaker 

as a main protection 

element (Switch)
EES switch

Snubber

R_dump, 0,1

Energy Extraction System, parameters
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Energy Extraction System, drawings
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Energy Extraction System, drawings



27.05.2020 24

Energy Extraction System, drawings
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Energy Extraction System, drawings
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Energy Extraction System, schematics

Wiring diagram for EES
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Energy Extraction System, schematics Breaker Board
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Energy Extraction System, schematics

Measurement Board
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Dump Resistor, drawings

Top view

One section out of six
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Dump Resistor, drawings

One section out of six, assembled

Welding

Two bifilar layers of 1.5mm stainless steel with G10 between
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Dump Resistor, drawings

Welding
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Dump Resistor, drawings



27.05.2020 33

Dump Resistor, drawings

Frame to support

the sections
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Dump Resistor, drawings

G10 supports for the sections
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Dump Resistor, drawings

Two sections, 

top view

Vertical natural 

cooling
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The main objective is to provide the interface between GSI and BINP control electronics based on GSI

standard conception. To achieve it is used GSI standard control module, Adaptive control unit (ACU) and Interface

control modules (ICM). ACU module is used as a bridge between GSI high-level control system and devices

developed by BINP such as power supply and energy extraction. Communication is provided by GSI Universal

serial interface (USI).

GSI High Level Control System

Power Supply + Energy extraction system

Adaptive Control Unit 

USI

CIBm

ACU

USI

ICM ICM

USIUSI

GSP #1
GSP #2
 

GSP #4 EES 

Breaker 2Breaker 1

DCCT

The general control conception for CBM magnet’s power supply and energy extraction system

Control electronics, general view
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Power Supply based on the commercial PS type of Genesys Plus (GSP) and has its own local current feedback; the 

global current feedback is looped with the external DCCT and controlled by ACU module. ACU module calculates 

current error according to DCCT value and transmits it to CIBm module by USI interface. CIBm module forms analog 

control value to GSP. CIBm also collects data, interlocks and statuses from GSP by digital interface.

PS Control electronics
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Control and Interface Board master

Control and Interface Board master (CIBm) 1U module carries out interconnection between ACU and GSP

module. Interconnection is provided mainly by USI interface. CIBm module measures water flow in cooling circuits

of the diodes, controls AC mains contactor and reads its status. Emergency stop interlock (placed on the front panel of

CIBm module) and doors interlock are also processed by CIBm.

In addition, CIBm module collects abort signals from independent parts of controlling GSI Machine protection

system (MPS), Quench detection system and GSI high-level control system: MPS, Quench and FPA (Fast Power

Abort) respectively. It is important to note that CIBm module generates fast power abort signal for all parts of energy

extraction system: FPA_ICM#1, FPA_ICM#2.

PS Control electronics

CIBm

USI

FPA

RS485

PS tripline

Clk

Analog control

To GSP

MPS

Quench
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Control and Interface Board slave

CIBs digitizes analog signal such as, output voltage, output current as well as receives interlocks from protection 

module and transmits output digital signals to the protection module.  All interlocks are summarized to form the 

overall protection signal PS tripline.

PS Control electronics

CIBs

RS485

PS tripline

Analog control RM

Interlocks

Digital out signals

Analog input signals

PM

From CIBm

GSP
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GND

GND

CIBm

CIBs #1

CIBs #2

CIBs #3

CIBs #4

PS Control electronics

Power Supply trip line:

• CIBs module and CIBm module are looped by

overall protection PS tripline.

• This loop consists of current source placed on

the side of CIBm module and phototransistors

• Can break the loop in case of any interlock will

appear.
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Fast Power Abort distribution

CIBm module collects abort signals from several systems. In case of any of abort signals detected PS tripline

will be immediately braked and signal to open the breakers of energy extraction system will be sent to ICM#1 - #4.

It also works in other way around. In case of interlock in energy extraction system or in power supply machine 

protection system and GSI high level control system will be informed immediately.

ICM #2

FPA

GSI High Level Control System

CIBm

ICM #1

FPAFPA

Quench
Detection

Machine Protect
system

MPS

Quench

Fast Power Abort (FPA)
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Triggers to provide the high redundancy realize fast power abort distribution logic. 
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Energy extraction system for redundancy consists of two breakers; therefore, two undependable ICM modules to 

follow the redundancy principle control two breakers. First ICM controls Breaker A, and second – Breaker B. 

Digitizing of analog signals is shared between to ICM modules.

ICM #2ICM #1

Breker #BBreaker #A
EES

 analog and status
Signals

Energy extraction system #1

ICM #4ICM #3

Breker #ВBreaker #С
EES

 analog and status
Signals

Energy extraction system #2

ICM#1 controls Breaker A by four digital signals: Zero_release_A, Pulse_release_A, Motor_ON_A,

Motor_OFF_A. 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 Breaker B driver board.

Connection between ICM#1, ICM#2 and ACU is provided by USI interface. ICM transmits status of the

Breakers to CIBm board and receives Fast Power Abort signal.

Energy Extraction System Control electronics
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ICM #1
USI Motor_close

Motor_open

CIBm

Breaker #A
statuses

ACU
To Breaker #A 

driver

Zero_release_A

Pulse_release_A

Analog signals 
from EES

ICM #2
USI Motor_close

Motor_open

CIBm

Breaker #B
statuses

ACU
To Breaker #B 

driver

Zero_release_B

Pulse_release_B

Analog signals 
from EES

Energy Extraction System Control electronics



27.05.2020 45

PS and EES Interlocks map diagram

GSI High Level Control System

Adaptive Control Unit 

FPA

ICM #1 ICM #2

GSP #1 GSP #2 GSP #3 GSP #4

Overcurrent GSP #n

Overpower GSP #n

PhaseDistortion GSP #n

OverTemperature GSP #n

PS tripline

Emergency_stop

Doors_open

Earth_Fault

Contactor_on_status
CIBm

WaterFlow

BrA_Cap_U_low

BrB_Cap_U_low

Mains_OK

EES_Closed

BrA_Closed

BrB_Closed

Switch_Open_Warning

Switch_Open_Failure

Temp_Rdump

Temp_EES

Quench
Detection

Machine Protect
system

Quench

MPS
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Status

Current status

• PDR – done.

• CDR – done.

• FDR (including risk assessment) – done.

• Dump resistor and most of the hardware are in the workshop.

• We are in process of the components and key elements ordering.

Notes: According to FDR we supposed to use the current sources VCH1300, but due to the number

of reasons we will use the commercial modules TDK-Lambda, Genesys+. It will take a minimum of

changes in the drawings and will not give the impact to the manufacturing. Engineering change

request is on the way.
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Thanks for Your 

Attention!


