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1. CNPEM and DAT O
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1. CNPEM and DAT
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2. Sirius Overview
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2. Sirius Overview
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2. Sirius Overview O
CNPEM

Phase 1
Parameter Today (end of 2024)

« 2 SC CESR type

RF cavities e 1 NC Petra7 cell

Beam energy 3.0 GeV 3.0 GeV * 3HC (1.5 GHz)

L. e rate =48 kHz e rate = 96 kHz
Injection mode top-up top-up FOER e crossover = 400 Hz e crossover = 1 kHz

- ~1
Beam stability 43/6 Ox <10% o e Commissioning APUs i
~ 4% 0, - ¢ In-vacuum
Insertion e |Ds from old SR (UVX) < Vortical bolatization
Beamlines (in oper.) 6 14 Devices - EPU , P
_Wiegler e Delta (in-house)
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2. Sirius Overview

SIRIUS - 2023 SCHEDULE versio 30/03/2023
January 2023 February 2023 March 2023 April 2023
Sun Mon Tue Wed Thiu Fri Sal Sumn Man Tue Wed Thu Fr Salt Sun Mo T e Wed Tha Fri Sat
1 2 3 4 1 2 3 4 1
5 6 T 8 9 10 1" 5 -1 T 8 9 10 11 2
12 13 14 15 16 17 18 12 13 14 15 16 17 18 9
19 20 21 22 23 24 25 19 20 21 22 23 24 25 16
29 30 31 26 27 28 26 27 28 29 30 31 23
30
May 2023 June 2023 July 2023 August 2023
Sun Mon Tue Wed T i Fri Sat Sun Mon Tue Wed Thiui Fri Sal San Mon Tue Wed Thia Fr Sat Sun Mon T e Wed Thai Frri Sat
1 2 3 4 5 6 1 2 3 1 1 2 3 4 5
7 8 k] 10 1 12 13 4 2 3 4 5 6 T 8 6 7 8 ) 10 11 12
[ « ERZLS | fome e e
14 15 16 17 18 18 20 1" ] 10 11 12 13 14 15 13 14 15 16 17 18 19
|__._ PR V=" " (R P —
21 22 23 24 25 26 27 18 16 17 18 19 20 21 22 20 21 22 23 24 25 26
28 29 30 31 25 23 24 25 26 27 28 29 27 28 29 30 iy |
30 3
September 2023 October 2023 November 2023 December 2023
Sun Moin Tue Wed T hii Fri Sat Suin Mon Tue Wed Thii Fri Sal San Mon Wed Suin Mon T e Wed Thii Frri Salt
1 2 1 2 3 4 5 6 7 1 2
3 8 9 10 1" 12 13 14 5 3 4 5 L] 7 8 B
10 13 14 15 16 15 16 17 18 19 20 21 12 10 11 12 13 14 15 16
17 18 19 20 21 22 23 22 23 24 25 26 27 28 19 20 21 22 23 24 25 7 18 19 20 21 22 23
24 25 26 27 28 29 30 28 - 26 27 28 29 30 24 25 26 27 28 29 30
31
Beam for Installation. RAD tests Unattended.
Beamlines Machina Study -AMIHEH Starap -‘I'lnnel open Tunnel closed Tunnel closed
55 dias 59 dias 2 dias 65 dias 365 dias

9/31*

15.

3.0

11 dias

16.2

05 %

100.0 *

) cnPem
-

SIRIUS - DISTRIBUTION OF SHIFT HOURS IN 2023

Machine
studies
15%

No activity
18%

| ""“f

Accel.
startup

Deam‘xusers

Shift hours 2023 | 2022
Beam for users 4152 | 3360
Installations 1416 | 1968
Machine studies 1320 | 1296
Mo activity 1560 | 1608
Accel. startup 264 | 480
Radiation tests 48 48
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3. Power Supply System Reliability

Sirius uses Olog as maintenance
management tool, but not
optimized for it!
L) Very hard to create
accurate maintenance

statistics!

It is been studied to start using

Jira Service.

4 Jira Service Management

11/31

Olog ws
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Diagnostics

Electronics Maintenance
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General Monitoring
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Machine Application
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Operations
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Pulsed Systems
Radiological Protection
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UTILITIES

Vacuum System

» CREATED AT

» CREATED AT TIME RANGE

CARLOS.VIERA { (& carlos.vieira @ 23/05/23, 09:19 AM
©23/05/23, 08:16 AM 07h45 - Foi substituida a placa AMC-Timming 17 na sala de rack’s 17
Foi retirada a RTM-SFP SN00031 e a SN00022 colcada no lugar. Acompanhei o Augusto

no procedimento. 07h52 - A cavidade Petra5 esta interlocando por falha no fluxo, deixando

Show history %

RONE.CASTRO

@ 23/05/23, 04:21 AM Durante a noite ocorreram diversas falhas com o timing
especificamente do AMC-17, que perdia o ‘lock’ sem causa aparente. Algumas vezes o
lock voltou sozinho, mas na maieria foi necessaria intervenco, realizando o procedimento
de 'reset’ (Disable —> Enable do Fout-5). Mantive

G murilo. alv 23, 08:26 PM

MURILO.ALVES
@ 2210523, 06:00 PM ### Estudo de maquina 22/05/2023 - Ajuste de compensacao do NLK
- Valores iniciais - CCoilH: 32V, CCoilV: 107V. - DelayRaw: 36802710 - DeltaDelayRaw: [0,
380, 280] - Scan delays® delays originais produzem a minima distorcéio - Scan amplitudes
minimas distorcdes foram obtidas com

WALTER.JUNIOR
© 22105/23, 02:02 PM Estamos com problema no sistema FOFB. Quando ocorre abertura no
loop de comrecdio, observamos que as corretoras rapidas do trecho 17, apresentam maior
valor de corrrente ajustada e as lentas apresentam alarme de alta frequéncia no pulse de
sincronismo. Habilitamos .

@

Show history >

& walter junior 23, 02:05 PM

Show history »

WAGNER.BENTO

@ 22105123, 01:20 PM  Leituras de temperatura e umidade do tinel do Linac, estéo travdas,
avisamos os responsaveis. [**LINK=](http://ais-eng-srv-ta cnpem br/archiver-viewer/?
pv=LINAC%3AUmidade-Men& INAC%3ATemperatura-Mon&from=2023.
15T16%3A15%3A40.115Z2810=2023-05-22T16%3A15%3A40.115Z&ref=2022-09-
09T17%3A02%3A42.6847)

G andre lim 11:37 AM

ANDRE.LIMA 5
@ 2200523, 07:13 AM ### Aumento da pressdo do Skid da Cavidade Petra5 Tivemos acesso

Carlos Vieira : 23/05/23, 09:18 AM

r ' CNPEM
(S

07h45 - Foi substituida a placa AMC-Timming 17 na sala de rack's 17
Foi retirada a RTM-SFP SN00031 e a SN00022 colcada no lugar. Acompanhei o Augusto no procedimento

2 Guest

BPRINT  @INFO

07h52 - A cavidade Petra5 esta interlocando por falha no fluxo, deixando de acumular com eficiencia em modo TopUp. Por diversas vezes
tivemos que resetar a interface da P5 para retirar os interlocks € voltar a acumlar em um dado momento alteramos o periodo de acumulacio

em 100 mA

de 3 para 1 minuto até que
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3. Power Supply System Reliability

Reliability [%]

SIRIUS monthly reliability from 04/2022 to 03/2023
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~750 Low Power PS (FBP)
45 High Power PS - 54 modules
6 AC High Power PS
21 Output Stages
18 Input Stages
18 Rectfiers
40 Regatron PS for FAP DC-Link
~200 TDK Lambda PS - SSA for RF system and DC-Links
23 BPM Power Supplies (Acopian)
16 lon Pump PS for LINAC (Shanghai Sanjing)
48 Power Supplies for LINAC (SINAP)
20 PS for FOFB (8 channels each) - Not maintained by CoP

r ' CNPEM
(S

= QOverall Reliability of 97,4%
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3. Power Supply System Reliability

2021 - April 2022 failure and support analisys

Machine and Personnel I i
Protection Systems 9

Beamlines Interlocking Systems

[

13

Pulsed Magnets

F

24

|

Radiclogical Protection

PS System “ 52
RF Systenm & 57
Infrastructure and utilities L 70
Lontren “ 75
Vacuum System - | s 5
Operations _ 89

Diagnostics

o

20 40 60 80 100 120

O CNPEM

~20% of failures outside of
business hours needed support

from the teams between 2021 and

April 2022

190

140 160 180 200

B Total high and medium priority failures solved by the operation AND support teams OUTSIDE business hours, 2021 - April 2022

B Total high and medium priority failures, outside business hours, 2021 - April 2022
® Total failures, 2021 - April 2022
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4. |n-house PSs
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4. In-house PS 7 '
CNPEM
| ——

We have three families of In-house Power Supplies:

e Low Power PS (FBP)
o 10A/10V
o Bipolar (4Q)
o Uses Off-the-shelf PS as DC-Link
«  High Power PS (FAP)
o Upto 800 A and 800V
o Modular - 225 A/400 V per module
o Monopolar (1Q)
o Usedonly in Storage Ring
o Uses Off-the-shelf PS as DC-Link
 AC High Power PS (FAC)
o Up to peak 1000 A and 800 V
o Modular - 550 A/250V per module https://accelconf.web.cern.ch/ipac2019/papers/tupmp001.pdf
o Bipolar (4Q)

o Used only in Booster

https://accelconf.web.cern.ch/ipac2019/papers/tupmp002.pdf
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4. In-house PS O
CNPEMm

We have three families of In-house Power Supplies:

*  Low Power PS (FBP)
o 10A/10V
o Bipolar (4Q)
o Uses Off-the-shelf PS as DC-Link

TDK Lambda HWS1500

1 6/3 1 M Od u Ie SC'E.:\CNEDTIENCNHONV‘:\I}?:: Mj 1
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4. In-house PS

O CNPEM

We have three families of In-house Power Supplies:

DC-Link
Regatron TopCon Quadro

«  High Power PS (FAP)
o Upto 800 A and 800V
o Modular - 225 A/400 V per module
o Monopolar (1Q)
o Used in Storage Ring and Transport Lines
o Uses Off-the-shelf PS as DC-Link

0Etihl 2202/10/11

Power Module

SCIENCE TECHNOLOGY
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4. In-house PS ~ '
CNPEM
| ——

DCET
We have three families of In-house Power Supplies: Box (4U)

Output
stage (9U)

E b
Capbank
(6U)

D30 30244, MYEEEWDEDB Fri Sep 21 m DE 212018
20V 2 DA

Input stage
(9V)

Rectifier
(6U)

AC comma;m;'l
(6V)
{ [
 AC High Power PS (FAC) FAC Rack

o Up to peak of 1000 A and 800 V Input stage module Output stage module

3-phase rectifier Vcap + lin controller Capbank $550 A/ 2250 V

o Modular - 550 A/250V per module — <J J i T e
o Bipolar (4Q) 2% b | ‘ T @ "

o Used only in Booster |

Definicd Estatfsticas
".' ~P-
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4. In-house PS

Internal Interlock Board

* In-house development

* 2 channels of +15 V for driver supply;

* 4 channels of isolated current measurement input;

» 3 channels of isolated voltage measurement input;

* 12 General Purpose Digital Output;

* 4 General Purpose Digital Input;
* 4 PT100 inputs;

* 4 non-insulated voltage measurement input;

«  CAN communication;

Failures:
N

N
N
N

) cnPem
-

Problem with CAN communication due to poor implementation (solved in 2021)

Inverted cables in the CAN cable

Problems with PT100 measurement in some modules (EMI issues)

Problems with JTAG cables (EMI issues)
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4. In-house PS ~
' CNPEM
| —

Digital Regulation System (DRS)

* In-house development

* Used in every in every in-house developed PS
* 18 bits resolution

* Up to 4 High Resolution ADC

e Up to 16 PWMs (optical fiber)

* RS-485 and CAN communication

Failures:

nnnnnnnnnnnnnnnnnnn

MINISTRY OF _4
SCIENCE TECHNOLOGY Ll
AND INNOVATION LA ]

uuuuuuuuuuuuuuuuuuuu



4. In-house PS

Capacitor Bank

21/31

« 3 different models
o 1.3F/ 305V - 25 capacitors of 52 mF/305 V in parallel
(Felsic Capax 761438)
o 725mF/ 400V - 25 capacitors of 29 mF/ 400V in
parallel (Kendeil K11S)
o 1.18F/ 100V - 25 capacitors of 47 mF / 100V in
parallel (EPCOS B41456)

* Have a fuse connected in series for protection

Failures:

o Capacitor explosion - due to dust between the copper plates (hypothesis...)

> We've added polycarbonate protection in these capacitor banks

nnnnnnnnnnnnnnnnnnn
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4. In-house PS

Capacitor Bank

* With top-up operation, the Booster PS are now
operating all the time, hence the capacitor are in

a more demanding scenario

« We are testing the possibility to let the PS

IR_00270

Informagdes

ramping only during injections (every 3 min)
 We still don’t have estimative of the lifetime of
the capacitors

« We still don’t have thought about the logistic of

spare parts storage.

22/31




Summary

o 5. Off-the-shelf PSs
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5. Off-the-shelf PS ~
' CNPEM
| —

TDK Lambda

~200 units in operation

O failures until now!
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5. Off-the-shelf PS

Regatron

Used as DC-Link for Storage
Ring PSs

Magnet PS

400V - 100 A Model

200V - 200 A Model

130 V - 308 A Model

100 V - 400 A Model

PA-RaPSDO01:PS-DCLink-1A

PA-RaPSD01:PS-DCLink-1B

PA-RaPSD01:PS-DCLink-3A

PA-RaPSDO01:PS-DCLink-3B

PA-RaPSD03:PS-DCLink-2A

PA-RaPSD03:PS-DCLink-2B

PA-RaPSD03:PS-DCLink-4A

PA-RaPSD03:PS-DCLink-4B

Dipoles

PA-RaPSD05:PS-DCLink-1A

PA-RaPSD05:PS-DCLink-1B

PA-RaPSD05:PS-DCLink-3A

PA-RaPSD05:PS-DCLink-3B

PA-RaPSD07:PS-DCLink-2A

PA-RaPSDO07:PS-DCLink-2B

PA-RaPSD07:PS-DCLink-4A

PA-RaPSDO07:PS-DCLink-4B

PA-RaPSA01:PS-DCLink-QFAP

PA-RaPSA01:PS-DCLink-QFB

PA-RaPSA03:PS-DCLink-QDAP

PA-RaPSA04:PS-DCLink-QDB

PA-RaPSA06:PS-DCLink-Q13A

Quadrupoles

PA-RaPSA06:PS-DCLink-Q13B

PA-RaPSA06:PS-DCLink-Q13C

PA-RaPSA07:PS-DCLink-Q24A

PA-RaPSA07:PS-DCLink-Q24B

PA-RaPSA07:PS-DCLink-Q24C

PA-RaPSB01:PS-DCLink-SDAPO

PA-RaPSB01:PS-DCLink-SDBO

PA-RaPSB03:PS-DCLink-SFAPO

PA-RaPSB03:PS-DCLink-SFBO

PA-RaPSB04:PS-DCLink-SDA12

PA-RaPSB04:PS-DCLink-SDB1

PA-RaPSB05:PS-DCLink-SDA3SFA1

4 different models
e 100V
e 130V

e 200V

e 400V

Sextupoles -
PA-RaPSB05:PS-DCLink-SDB2
PA-RaPSB07:PS-DCLink-SFA2SDP1
PA-RaPSBO07:PS-DCLink-SDB3
PA-RaPSB08:PS-DCLink-SDP23
PA-RaPSB08:PS-DCLink-SFB1
PA-RaPSB10:PS-DCLink-SFP12
PA-RaPSB10:PS-DCLink-SFB2
Quantity 1 25 13 1
24VDC]
DC _II
- o T
controller h
Lsupply H-bride controller
rectifier inrush limiter transformer rectifier
& B E & y. ¥
S0+ | e AL -
&R T [ 1 | £ &

Fig. 55 Functional block diagram of ISR feature in TC.P. units.

DC link

H-bridge
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5. Off-the-shelf PS

Regatron

Damage in some capacitors:

* Recurrent event that happened in ~
the Storage Ring Dipole PS

* Some of the capacitor were badly
damaged due to overtempera

* Regatron did not solved the
problem

* The problem was solved by
adding one other capacitor in
parallel (we suggested it and —

Used as DC-Link for Storage bought the capacitors...) and
Ring PSs adding drills in the cover

e Since them, the PSroom i
operating with ~182C ambient
temperature

4 different models

* 200V

lllllllllllllllllll
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5. Off-the-shelf PS

Regatron

Overtemperature in the output
inductors:

* The inductors heat to the point e . |
that the gap of the core melts B e LA

e The inductor uses silicon steel 3
sheets for its core (not ferrite)

 We measured a ripple of 80 Appk
at switching frequency (20 kHz) |

* Regatron says the problem is the A AANNANANAN, R
refrigeration of our racks

Used as DC-Link for Storage * We've measured the
Ring PSs temperature in the |
inductors of some PSs in
4 different models operation (worst cases)
« We’ve measured in one
e 130V PS outside of the rackand
the core reached ~702C ’ I .
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5. Off-the-shelf PS

Acopian

\\\\\\Q\Q\\\\\i\\f\\\t\\\\\\\

e

PS for the BPMs racks

28/31

* One PS has 3 power modules in parallel
* Redundant (should be...) \

* Recurrent problem of current distribution

between modules

* Don’t have remote monitoring
* One unit was the cause of 108 failures in one

BPM rack in one week!

e Acopian said the problem was calibration, but

it wasn’t

* Several project errors found in the PS:

o Low impedance connected in the voltage
and current measurement channels.
o Reference connections not done
properly
o Control of the output voltage done via
feedback measurement
o Some resistor from the display voltage
divider resistors shorted by tracks in the
PCB
* The problems are been solved (by us) and
remote monitoring board is been developed
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ummary

e 6. Conclusion
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6. Conclusion 7 ) eneem

* |tis a problem not to have a good maintenance management tool from the beginning
* Our PS system is showing good reliability

We should have paid more attention on off-the-shelf equipment tests

« Maintenance of off-the-shelf equipment is not easy (black-box)

* |t would be better to use PLC for the internal interlock system

« We plan enhancing and expanding the maintenance teams for Sirius (not only for power supplies)

nnnnnnnnnnnnnnnnn
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Thank you

Bruno Edson Limeira

bruno.limeira@cnpem.br
+55(19) 3212-1160
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