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      CONCLUSIONS :   Closed Loop Control of ELM and Sawtooth periods have both been demonstrated on JET   

ICRH -> SAWTOOTH PERIOD 

Previous Experiments - High Field Side IC Resonance : 
Scan Plasma current and Toroidal field -> resonance move but q=1 stays put 

 

But ITER will only have Low Field Side             

    IC Resonance ->  New Experiments: 

 

• q-profile evolution       Disturbances         

• Tungsten Influx 

• Pellet ELM triggering                 

• Strikepoint movement 

• Etc. 

Request 

CLOSED LOOP EXPERIMENTS  

OPEN LOOP EXPERIMENTS  

REAL TIME PERIOD 

GAS INJECTION -> ELM FREQUENCY 

HFS: 

•+90°: Lengthen 

•-90 °: Shorten 

•Narrow IC 

deposition region 

to achieve desired 

effect 

SELFO/HAGIS  

Stability Calculations 

• +90°, -90 and  Dipole (symmetric N||) °: All Shorten !! 

• Stability Calculations Agree (mainly fast Ion Orbit Effect) 

• Wider Destabilisation Region 

Sawteeth 

Use  Central or off axis 

ECE  

ELMs 

•Use bolometer  

->Doesn’t see disturbances  

= MAX(Last interval, Time since crash/ELM) 

Step Response 

• Response time 300ms 
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Strongly non-linear 

Steady state 

response 

ICRH Frequency variation 
To maintain match trombones must move 

    Direct frequency control (before 2013) Always mismatched 

 

 

     

 

 

 

Indirect control (2013-14)                              Always well matched 

Control trombones, Use frequency to match 

ELM frequency 

control loop       

using gas injection: 

 
L(f)  

compensates for non 

linear steady state 

response 

SAWTOOTH CONTROL: 

Old Result  (Lennholm NF 2011) 

– No new closed loop results 2013-14 due to 

limited experimental time 

– Main limitations:  

• Very limited RF frequency range <1MHz 

• Very slow rate of change 100kHz/s   

ELM CONTROL:   FIRST CLOSED LOOP CONTROL DEMONSTRATIONS 

40 Hz request  -> well controlled 

 

20Hz  request  -> Saturates some of the 

time but not bad control 

 

Response to  

 

•Strikepoint movement 

 

•(and to a small step in the request) 

Response to  

 

•Pellet Injection 

 Controller 

reduces 

gas 

injection 

to 0 

 

•Faltering pellet 

and Tungsten 

event 

 Controller 

increase 

gas and 

recover 

ELM 

frequency 

LFS: 

Sawtooth control  based on ICRH frequency variation: 

->  Very small ICRH frequency range available in real time (resonance range 10cm) 

->  Slow (10s to move 10cm)          

 (This will not pose a problem for ITER given long required sawtooth period  - 30s) 

->   Difficult with present power to affect High power H-modes 

->   ECRH is likely to be more efficient. 

ELM frequency Control using gas injection 

-> Developed taking advantage of experience from Sawtooth control 

-> Very effective in maintaining desired frequency 

-> Can be combined with Pellets etc. to allow minimum gas  

-> Can assure recovery from Tungsten Events   
 

MOTIVATION 
ELMs and Sawteeth appear in different parts of plasma 

and are associated with different physics, but as 

phenomena to be controlled, they show many similarities: 

Quiescent periods, where parameters evolve slowly, 

interrupted by periodic collapses 

     ELMs   Sawteeth  

 

 

Long periods  

Strong Collapses:   Divertor Impact        NTM triggering  

 

Short periods  

•Lower confinement    Lower Edge             Lower Central  

     Barrier             Temperature 

•Better Tungsten    Expels W from        Expels W from 

Control     edge           Centre 

 

-> Desirable to maintain periods near optimal value 

SELFO/HAGIS Modelling
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