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Call for Tender:
Five Companies (OCEM, EEI, Danfysik, Jema, Kempower)
Detailed Technical Specifications & Statement of Compliance
Kempower’s Offer: best Technical Proposal vs. Price

Dipoles Quad’s Sext’s Unit

Digital Control and Interface PSI’s

 

DSP/ADC system provided by ST (DLS)

# of Power Converters 2 2 2

Output Voltage ±1000 ±400 ±35 / ±70 Vpk

Output Current Range 15 –

 

800 5 –

 

400 ±35 / ±70 A

Instantaneous Peak Power 600 / -400 115 / -50 1.2 / 4 kVA

Max. Op. Frequency 3.125 Hz

Current Ripple
±15 ppm

Current Stability (<8hrs)

Load Nom.  Resistance 260 360 / 310 700 mOhm

Load Nom.  Inductance 112 81 / 54 42 mH
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Background: Lahti vs. TriesteBackground: Lahti vs. Trieste

1870 km
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Background: PCU General Structure (original)Background: PCU General Structure (original)

Key Features:
Highly Modular Design
Same modules for both types
N+1 Redundancy in all sections (AC/DC, DC-Link Caps, DC/AC)

Quadrupole PCs (2 units in the same cabinet)

 

Dipole PC (2 units

 

in series

 

in each

 

cabinet)
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First Difficulties:
Delays
Faults during factory tests
Insufficient AC power available at factory 
for full output tests
Too “weak” loads
Booster Project Time Schedule

Consequences:
Factory tests repeated three 
times
Tests on mostly resistive loads
The 2Q operations could not be 
fully verified
Decision to ship the Pc to Trieste 
to stay within the limits of the 
time schedule
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...damaged due to transportation!
A dedicated shipping was not chosen
Insufficient protection for a multiple carrier 
shipping – the cabinets were loaded and 
unloaded on trucks at least three times.
Damages both outside and inside the cabinets

Brocken

 

CB Handle

 

Bottom

 

plates

 

lifted

 

up

 

Bumps

 

& scratches

 

on sides
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Background: PC Start Up and Background: PC Start Up and ““CommissioningCommissioning””

“Every Solution brings new problems”
Shipping damages repair and pre-start up tests on 
resistive load in July. Tests on actual loads in August.
Main hardware troubles: 

Output voltage and current distortion when 
ramping (hw modification: 2Q → 4Q);
High ripple content in the output current (also 
after improving the filtering);
EM noise and its consequences on operating the PCs 
(increasing with the peak power)
Not optimal charging of the DC-Link
Overheating of the output filter chokes
Sextupole converters heavily damaged during 
stability tests in DC.

Factory tests could not be repeated
The quadrupole converters could be operated together 
at nominal values (3 Hz, “2.5 GeV” currents)
Dipoles operated at “2.0 GeV” current, “single 3 Hz 
Pulse per second” mode

“Non Hardware”

 

Actions taken
Advice, suggestions and help from 
colleagues of other Laboratories 
(PSI, DLS, DESY, ALS, SLAC)
Internal team for addressing the 
problems in parallel to Kempower
Power Converters Refurbishment 
Program from Kempower

Quadrupole Converter (QD):
The distortion is already present at 14 A 
(minimum) while the required ramp should start at 
~6.5 A (equivalent to 50 MeV)

Ch. 3: Out. voltage (red), 10  V/div
Ch. 4: Out. current (green), 17.5 A/div
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Beginning of Operations for UsersBeginning of Operations for Users

End of the “B & SR”
 
commissioning phase (March 3rd, 2008):

Dipole converters peak current still 2.0 GeV, one “3 Hz Pulse per second”
(EM noise and damaged modules)
Identified additional “Big Issues”:

Control Crate to be redesigned (signal conditioning, noise immunity, 
length of connections,...)
Missing a real self protection of DC/AC power modules (4 modules were 
severely damaged and sent back to Lahti)
DC-Link charging algorithm still not adequate (high variations in the AC 
input power)
New strategies for current ripple reduction have to be found

Defined and imposed to Kempower, under their responsibility, a full 
Power Converters Refurbishing Plan 
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As of April 15As of April 15thth

Some Results after the 1st

 

Refurbishing Step
Started in the Holy Week and during the “Easter Shutdown”
The scheduled actions were completed by Kempower’s people according to the time schedule
Replaced the output filter chokes: overheating issue is SOLVED
All output modules are in place and also the Dipole Converters CAN operate at 3 Hz up to the “2.5 
GeV peak current”. 
Added EMI shielding to the control crates but still problems deriving from induced/picked up EM noise.

Dipole Converters,
700 Apk (30 ADC + 670 AAC ) 3 Hz :
PSB1 Vdc-link = 450 V  
PSB2 Vdc-link = 490 V

New

Original

BUTBUT……
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Major Faults on Dipole PCMajor Faults on Dipole PC

What has happened
During normal operations at 2.0 GeV a large number of output modules 
(a.k.a. DC/AC) on one Dipole Power Converter went in fault (April 17th, 
morning).
First attempt to put the PC operational – removing the apparent cause 
and replacing the broken units – failed: more units damaged. 
Still investigating on the real causes of the failure:

Spurious turn on of IGBTs in the same leg of conducting ones
Wrong PWM pattern due to EM noise that influences the FPGA 
inside the control cards
…

Similar fault occurred again after the (scheduled) intervention of 
Kempower following the Refurbishing Program

Actions Taken:
Moved the magnets’ connections to the still working converter and 
put the loads in series → peak current limited to 1 GeV
Operate the Booster at 1.0 GeV, trying to inject into the SR and
then ramp the SR to the final energy



RV – PC Refurbishing - 12 1st POCPA Workshop – Trieste, Italia – 19 to 21 May 2008

Booster PC Refurbishing
Roberto Visintini

Sincrotrone TriesteStatus Status ––
 
Damages to IGBT modulesDamages to IGBT modules

DC/AC Unit
Three IGBT modules (full H bridge, 1200V/150A) in 
each Unit
All IGBT modules are dead
Apparently, the faults tend to occur to the Lower 
Section in the same Dipole cabinet.
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Dipole Cabinets SnapshotsDipole Cabinets Snapshots

Temporary EMI Shield on the “Common Control Crate”

Presenter
Presentation Notes
Having two converters for the dipoles at least allowed us to continue the operations but I confess that sometimes  I feel like Cary Grant in the  “Operation Petticoat” movie!
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Quadrupole Cabinet SnapshotsQuadrupole Cabinet Snapshots
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Definition of a Refurbishing Program:
Defined with Kempower a detailed but not 
exhaustive program of activities under their 
responsibility
Many items (e.g. Control Crates) must be prepared 
and tested in Lahti before mounting and testing in 
Trieste
Almost all activities to be done during the shutdowns 
only → interferences with systems maintenance
By the end of August the PCs have to be compliant to 
the Specifications.

Step

 

1:
Completed

 

in time but

 

not

 

fully

 
successful

 

(noise

 

issues)

Step

 

2:
Partially

 

done

 

and not

 
successfull

 

(still

 

1 PC offline)
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Next (main) steps

“June/July Shutdown”
 
(W26 & W27/08)

Put the second dipole back into – reliable – operations
Implement an effective low-level self-protection of the IGBTs inside the 
output modules to improve the reliability against failure of the driving 
signals
Redesign – following the PSI/DLS indications – and install a new version of 
the “Control Crate” and “Alarm Cards” to improve the noise immunity of 
critical signals and – consequently – the reliability of the operations

“August Shutdown”
 
(W33, W34 & W35/08)

Complete any pending activity
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“Conventional DC Power Converters”
Less demanding converters were chosen 
among “standard products” of some 
companies (Call for Tender in some cases).
Danfysik System 9000 (25 units):

6 units were broken at switch on
Factory Tests Results delivered
Found a “quality issue” on the power 
cards: to be replaced in all → More 
Refurbishing!

Delta Elektronics – “Off The Shelf”:
Notwithstanding the tests on a “test 
unit”, severe remote control problems 
(Ethernet) were found during 
operations.
7 units need firmware update → More 

Refurbishing!
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“What do we learn with the Elettra Booster 
Power Converters Design?”

“They did a great job for me but it is NOT assured they will do as 
well for you!”
“Standard” or “Off the Shelf” products do NOT guarantee success
Detailed documentation is NOT sufficient.
Inspections at the Factory and subsequent Reports are necessary but 
NOT sufficient.
Simulations are a great tool BUT they are not sufficient.
A load with adequate characteristics MUST be used for Factory Tests 
(in case buy or borrow it)!
Respecting the Time Schedule of the main Project is important BUT it 
may lead to unexpected bad surprises.
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Any suggestion?
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