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What is a Static Var Compensator (SVC)? 
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Harmonic filter design
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The performance of SPS Static Var Compensators
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The electrical network 
for Super Proton Synchrontron (SPS)
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BE substation configurations
(3 transformers, 3 SVC’s)

SPS continues operation in case of one failure:

Failure of transformer EHT1
or

 

transformer EHT2
or

 

SVC3
or

 

SVC2



BE substation configurations
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Reliability studies for electrical distribution system
of Large Hadron Collider (LHC)



Reliability studies for LHC electrical distribution system

Input data for each component

Quantification of reliability data (results)

Computer model



Reliability studies for LHC electrical distribution system

Calculated reliability data for each loadComputer model

Trafo 66kV

Trafo 400kV

Trafo 18kV

LS 66kV
LS 18kV

SS 66kV
SS 18kV LS 400kV

Kabel 66kV

Kabel 18kV

Freileitung 400kV

Weitere

Einspeisung 
„Bois Tollot“ SVC

SS 400kV

Calculated reliability data for each load



Reliability studies for LHC electrical distribution system
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Overview of SVC3 project



Overview of  SVC3 project
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Overview of  SVC3 project

Thyristor controlled reactors (TCR) and thyristor valve



Overview of  SVC3 project

18 kV busbar system for TCR and 72 kV circuit breaker



Overview of  SVC3 project

8 Harmonic filters in total



Overview of  SVC3 project

18 kV outdoor installation
(attention to thermal expansion of bars!)



Reliable design and operation 
of Static Var Compensators

(example: SVC3 project)



Reliability of auxiliary power

For critical installations:
Two redundant sources of auxiliary power

Distribution chassis with two independent sources,
via diodes

Auxiliary supply for 400kV station at CERN:
Two redundant systems with automatic coupling



Thermal expansion of busbars

Fix connection Fix connectionSliding connection

Delta T: -25ºC -> +75ºC              = 100 Kelvin
Length of busbar                          = 100 m
Thermal expansion of Al bars  = 23 cm

α

 

coefficient (x 10-6/K)
Copper: 17
Aluminium

 

23

Welded electrical connection



Reliability of power connections (bad examples)

Connection of two conducting elements should 
ideally have only one connection point, max. two

4

3

3 3



Reliability of power connections (good examples)

1

1
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Redundancy and modular design for easy repair

- Two redundant computers (hot stand-by)
* automatic switch-over without

 

SVC trip

- One spare computer for each unit, 
* plug-in connections, 
* spare computers fully commissioned,
* detailed instructions how to replace, 
* automatic start-up of new computers,
* can be replaced by operator without 

computer knowledge (within 2 hours)



Reducing cabling errors by design

Example: protection relays:
- in factory: Chassis cabled and fully tested
- on site: standardised

 

cabling connections via BURNDY connector
- time reduction for commissioning (time reduced by 50%)
- reduction of cabling errors (less than 1 error per 10 HV feeders found during commissioning



Auxiliary systems
might strongly influence reliability

Example: Air-conditioning unit in SVC control room
(without A/C, temperature in control room rises above 40ºC and computers shut down)



Reliability of earthing connections

Example: earthing of fences
(attention to choice of materials!)



Infrared imaging and thermal optimisation

IR imaging is part of the preventive maintenance programme



Reliability and operation of HV installations

Follow-up procedure for all alarms and observations



Reliability and operation of HV installations:
The human factor

Clear instructions for:
-

 

operation, 
- fault finding and corrective maintenance, 
- preventive maintenance

Systematic follow-up of all alarms and observations 

Keep detailed statistics of downtime and failure causes! 

Training of operators 



- Define spare parts policy, 
- example: spares management of CERN’s Power Converter Group (F. Bordry), 
- bar code identification for each item in stock and central data

 

base, 
- maintenance of spares in stock
- technical data sheets, 
- re-test spares, if necessary, 
- keep inventory up-to-date, replace spares when used.

Spare parts management



Example of overheating 
due to induced currents in a closed earthing circuit

Burned fence
Cause: 

unwanted interconnection 
of two earthing circuits

Melted bolt M10



SVC3 performance measurements
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Harmonic filtering performance

Calculated THD (18kV)
0.58 %

Measured harmonic distortion
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Measured THD (18kV)
0.49 %

(e.g. for pulse 450 GeV

 

FT 3s)



SVC3: Simulations of dynamic response
(University of Belfast UK, University of Aberdeen UK)
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18 kV network voltage
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Active and reactive power 

SVC3 (450 GeV LHC pulse)
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18 kV voltage response (450 GeV

 

LHC pulse)
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0.75 %+/-
 

0.3 %

SVC3 regulation error: 18 kV network voltage response (is now repaired)
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Summary

Reliability covers all aspects of the life cycle of an electrical installation:
- design, 
- specification of components (thermal rating, voltage rating), 
- choice of materials, 
- workmanship of installation, 
- preventive and corrective maintenance, 
- operation and follow-up of observations, 
- operational procedures, documentation and instructions, 
- spare parts management.



Questions ?

Thank you.
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