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< > 

 :          

 : 4   , Latch(Magnetic Jack)    Linear Motor 

: APR1400   93  X 4      3    

OPR1000   73  , APR+   101   

원자로 

핵분열 
에너지 

증기 
에너지 

회전 
에너지 

전기 
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‘ ’       
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12 Finger Model 4 Finger Model Reactor Head and CEDM CEDM Assembly 

< > 

ESA(Extension Shaft Assembly):    

CEDM(Control Element Driving Mechanism):   

CEA(Control Element Assembly):   

12 Finger CEA: 12    

4 Finger: 4    

Simplified Model 

“CEDM  Latch   Linear Motor” 

Latch Device 

 (CEDM) ? 
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Why MRAC? PID   <Re-tuning  M/H >   

4 

Non-linear 

Time-varying System 
• Unmodeled Dynamics 

• Unmodeled Disturbance 

 Weight Variation 

 Reactor Temperature/Pressure 

 Mechanical Friction  

 Magnetic Force etc… 

 3 Phase Half Rectifier 

 Resistance Variation 

 Inductance Variation 
 12 Finger 

 4 Finger  

  4    2   +  
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[ ] CEDM  :  Resistance  Inductance  -–Time varying 

5 

Coil Temperature   Coil Resistance  

 Lift Coil : 4.5~7.4 Ohm 

 Latch Coil : 5.4 ~ 9.1 Ohm 

Magnetic Flux  Latch   Inductance  

 Coil Assembly (130mH) 

 Motor Assembly (250mH) 

 Latch Motor Saturation (500mH ) 
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[ ] CEDM  :     (Typical) 
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‘  ’    <Glitch > 

 Gap Close: N     

 Gap Open: N     

Current [A] 

Time [msec] 

0.75~1A 

Dropout Delay (mSec) Engagement Window (mSec) 

17.7~24.3A 

5.5~7.1A 

2.5A 

Gap Close 

Gap Open 

  Level   OK 

   

  ! 
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[ ]    H/W   ? 
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< > 

( ) 

 -3   >   > DC  ( ) 

 -Closed-loop Control 

( ) 

 -3   >   > DC  ( ) 

 -Open-loop Control 

 

<  > 

( ) 

 -3     

 -  

( ) 

 - (SCR)  –   

 -  
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[ ]   vs.   ?  
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[ ] PID  …<   …> 

•     

•   93   Tuning  

• 93         

• /    Re-Tuning  

 PID   ? 

• FAT( ): R/L   <FAT  93   CEDM  > 

• SAT( ) CEDM < > 

• Start-Up( ): CEDM <Reactor Coolant System :   150 C  > 

 Re-Tuning  ?         ?  

•  (LD: Liquidated Damages)  

• O/H  1    10 /    

•    

    10      ,  ? 

  , 

Tuning      

… 

1  10   2  

… 
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[Control Algorithm(Structure)] Basic MRAC vs. Modified MRAC? 
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Control Law 
𝑽𝒄𝒐𝒏 = 𝑽𝒓𝒆𝒇 × 𝒕𝒉𝒆𝒕𝒂𝟏 − 𝒚𝒑 × 𝒕𝒉𝒆𝒕𝒂𝟐 

 Lyapunov Adaptation Rule 

Basic MRAC Structure 

Modified MRAC Structure 

Transient Response Improvement 

Error Convergence Improvement 

For better implementation 
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[System ID for MRAC]      ?  
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𝑳𝑪
𝒅𝒊

𝒅𝒕
+ 𝑹𝑪𝒊 = 𝒗 𝒕  

By Kirchhoff Voltage Law 

By Laplace Transform 

𝑰(𝒔)

𝑽(𝒔)
=

𝟏

𝑳𝑪𝒔 + 𝑹𝑪
=

𝟏/𝑳𝑪
𝒔 + 𝑹𝑪/𝑳𝑪

 

By Equivalent ID Model (1st Order System) 

𝑰𝒆𝒙𝒑 (𝒔)

𝑽𝒆𝒙𝒑(𝒔)
≈

𝒃

𝒔 + 𝒂
 𝒂 ≈

𝑹𝑪

𝑳𝑪
 𝒃 ≈

𝟏

𝑳𝑪
 

Known Model Structure 

Then, Reference Model  Dynamics? 

Unknown Model Parameter 𝒚 + 𝒂𝒎𝒚 = 𝒃𝒎𝒖 

White-Box 

Model 

Unmodeled Dynamics 

Error  ‘0’  ? Reduced Model  ? 



2016 the Korean Nuclear Society Autumn Meeting 

A Modified MRAC for a Single Motor of Latch Type CEDM 

[Identified Reference Model]   ? 
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Convergence  Computational Complexity  , Linear 1st Order Model  

Model Fit-rate over 90%? 

 Needs of Nonlinear 

Identification  

 Computation Complexity ↑ 

→ Cost Increase! 

→  H/W  Retrofit  

     (Not Practical) 

 

  

  ! 
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[Stability Analysis & Proof] Control Law and Error Dynamics 
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𝒚𝒑 + 𝒂𝒚𝒑 = 𝒃𝒖, 𝑨𝒔𝒔𝒖𝒎𝒑𝒕𝒊𝒐𝒏:  𝑹𝒆𝒂𝒍 𝑷𝒍𝒂𝒏𝒕 𝑴𝒐𝒅𝒆𝒍 𝑫𝒚𝒂𝒏𝒂𝒎𝒊𝒄𝒔 

𝒚𝒎 + 𝒂𝒎𝒚𝒎 = 𝒃𝒎𝒓, 𝑹𝒆𝒇𝒆𝒓𝒆𝒏𝒄𝒆 𝑴𝒐𝒅𝒆𝒍 ∶  𝒗𝒊𝒂 𝑺𝒚𝒔𝒕𝒆𝒎 𝑰𝒅𝒆𝒏𝒕𝒊𝒇𝒊𝒄𝒂𝒕𝒊𝒐𝒏 

𝒖 = 𝒓𝜽𝟏 − 𝒚𝒑𝜽𝟐, 𝑪𝒐𝒏𝒕𝒓𝒐𝒍 𝑳𝒂𝒘:  𝒗𝒊𝒂 𝑴𝑹𝑨𝑪 𝑺𝒕𝒓𝒖𝒄𝒕𝒖𝒓𝒆 

𝜽𝟏 =
𝒃𝒎
𝒃
,  𝜽𝟐=

𝒂𝒎 − 𝒂

𝒃
, 𝑷𝒆𝒓𝒇𝒆𝒄𝒕 𝑷𝒂𝒓𝒂𝒎𝒆𝒕𝒆𝒓 𝑬𝒔𝒕𝒊𝒎𝒂𝒕𝒊𝒐𝒏 𝑷𝒐𝒔𝒔𝒊𝒃𝒍𝒆?𝑫𝒐𝒏′𝒕 𝑪𝒂𝒓𝒆 

=> Future Work! < / /   > 

𝒆 = 𝒚𝒑 − 𝒚𝒎, 𝑫𝒆𝒇𝒊𝒏𝒊𝒕𝒊𝒐𝒏: 𝑬𝒓𝒓𝒐𝒓 

Control  Purpose ? 
Is it Simple? 

Stability 
Error Convergence 

Parameter Estimation 
Tracking 

 … 

𝒆 = −𝒂𝒎𝒆 − 𝒃𝜽𝟐 + 𝒂 − 𝒂𝒎 𝒚𝒑 + 𝒃𝜽𝟏 − 𝒃𝒎 𝒓, 𝑬𝒓𝒓𝒐𝒓 𝑫𝒚𝒏𝒂𝒎𝒊𝒄𝒔 → 𝒁𝒆𝒓𝒐 
0 0 
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[Stability Analysis & Proof] Lyapunov Adaptation Rule 
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𝑽 =
𝟏

𝟐
𝜸𝒆𝟐 +

𝟏

𝟐𝒃
(𝒃𝜽𝟏 − 𝒃𝒎)

𝟐+
𝟏

𝟐
(𝒃𝜽𝟐 + 𝒂 − 𝒂𝒎)

𝟐, 𝜸 = 𝒂𝒅𝒂𝒑𝒕𝒂𝒕𝒊𝒐𝒏 𝒈𝒂𝒊𝒏 

𝑽 = 𝜸𝒆𝒆 + 𝜽𝟏 𝒃𝜽𝟏 − 𝒃𝒎 + 𝜽𝟐 (𝒃𝜽𝟐 + 𝒂 − 𝒂𝒎) 

= −𝜸𝒂𝒎𝒆
𝟐 + 𝜸𝒆𝒓 + 𝜽𝟏 𝒃𝜽𝟏 − 𝒃𝒎 + (𝜽𝟐 − 𝜸𝒆𝒚𝒑)(𝒃𝜽𝟐 + 𝒂 − 𝒂𝒎) 

Lyapunov Function Candidate:  

Lyapunov Function Candidate   Adaptation Rule    
Closed-Loop Stability  Error Convergence  ! 

,     Lyapunov Function Candidate      .  

Gamma Tuning? 
1) γ→0 Convergence 
2) γ→1 Tracking 

𝜽𝟏 = −𝜸𝒆𝒓 𝜽𝟐 = 𝜸𝒆𝒚𝒑 

0 0 

≤ 𝟎 

Negative Semi-Definite 

How Implementation?  
1) Error → Filtered Error 
2) Reference Input → Feedforward Gain 

Positive Definite 

b 
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[ ] Lyapunov Stability Theorem 
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Lyapunov Stability Theorem   

Adaptive Controller    

𝑽 𝒙 ∶ 𝑳𝒚𝒑𝒖𝒏𝒐𝒗 𝑭𝒖𝒏𝒄𝒕𝒊𝒐𝒏 𝑪𝒂𝒏𝒅𝒊𝒅𝒂𝒕𝒆 

𝟏. 𝑽 𝒙 > 𝟎, 𝒙 > 𝟎 ∶ 𝑷𝒐𝒔𝒊𝒕𝒊𝒗𝒆 𝑫𝒆𝒇𝒊𝒏𝒊𝒕𝒆 

𝟐. 𝑽 𝟎 = 𝟎 

𝟏. 𝑽 𝒙 ≤ 𝟎 ∶  𝑵𝒆𝒈𝒂𝒕𝒊𝒗𝒆 𝑺𝒆𝒎𝒊 − 𝒅𝒆𝒇𝒊𝒏𝒊𝒕𝒆 

𝑺𝒕𝒂𝒃𝒊𝒍𝒊𝒕𝒚 𝑪𝒉𝒆𝒄𝒌! 

𝟐. 𝑽 𝒙 < 𝟎 ∶ 𝑵𝒆𝒈𝒂𝒕𝒊𝒗𝒆 𝑫𝒆𝒇𝒊𝒏𝒊𝒕𝒆 

𝟑. 𝒙 → ∞ ⇒ 𝑽 𝒙 → ∞ 

Stable at the origin (equilibrium point) 

Asymptotically Stable 

Globally Asymptotically Stable 

Stable at the origin 

Asymptotically Stable 

Globally Asymptotically Stable 
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[MATLAB®  Simulation] (PID vs. MRAC) Simulink®  File  
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PID  

MRAC  
Feed-

forward Gain 

Reference Model 

Real Plant Model 

180Hz Noise 

Reduction Filter 

Lyapunov Based 

Adaptation Rule 

Real Plant Model 

PID Controller 𝒆𝒓𝒓𝒐𝒓 = 𝑰𝒓𝒆𝒇 − 𝑰𝒎𝒆𝒂𝒔𝒖𝒓𝒆 

𝒆𝒓𝒓𝒐𝒓 = 𝒚𝒑 − 𝒚𝒎 

 

𝑽𝒄𝒐𝒏 = 𝑽𝒓𝒆𝒇 × 𝜽𝟏 − 𝒚𝒑 × 𝜽𝟐 

𝑽𝒄𝒐𝒏 = (𝑲𝒑 +𝑲𝒊

𝟏

𝒔
) × 𝒆𝒓𝒓𝒐𝒓 

 



2016 the Korean Nuclear Society Autumn Meeting 

A Modified MRAC for a Single Motor of Latch Type CEDM 

[MATLAB®  Simulation]   (PID vs. MRAC) 
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  (9Ω, 250mH )  

 

( ) 

 

( ) 
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[Experimental Result] Test Bed  <CEDM Mock-up > 
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 CEDM Mock-up 

 R/L Load Bank 

 DC Hold Cabinet 

 Power Cabinet 

 Power Control Unit 

 Oscilloscope 

 3 Phase Power 



2016 the Korean Nuclear Society Autumn Meeting 

A Modified MRAC for a Single Motor of Latch Type CEDM 

[Experimental Result] (PID vs. MRAC):    
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Lift Coil   PID  MRAC   /     

Transient   Steady-State     
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[Experimental Result] (PID vs. MRAC):   (9Ω, 250mH )  
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 (Withdrawal) 

 (Insertion) 

Lift Coil     /   Lift Coil    /   
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[Project Contribution & Conclusion]     
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

























2016 the Korean Nuclear Society Autumn Meeting 

A Modified MRAC for a Single Motor of Latch Type CEDM 

[ ]    Sample 

22 
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[   ]     <S/W V&V> 

S/W  

•S/W 
Requirement 
Specification 

 

•S/W Test Plan 

 

•Requirement 
Phase V&V 
Report 

S/W  

•S/W Design 
Description 

 

•S/W Test 
Procedure 

 

•Design Phase 
V&V Report 

 

S/W  

•S/W Code List 

 

•S/W Code 
Review 

 

•Implementation 
Phase V&V 
Report 

S/W  

•S/W Component 
Test 

 

•S/W Integration 
Test 

 

 

•H/W + S/W 
Integration Test 

 

•System Test 

 

•Test Phase 
V&V Report 

 5,6    
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