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Why MRAC? PID H|0{7]|2] HSStA <Re-tuning A M/H &41>2Hd
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[&ZX] CEDM H|M&H M : Resistance % Inductance?| ¥H3}-—Time varying

Coil Resistance (Ohm)

I Latch Caoil [ i
| (0.0123 Ohm/°F) | ~ —_—
9.0 — . ¥ _
| pd S Saturation Inductance
I - | L
l / I LsaTurATION
80 — | - |
| |
: 7 |
l / |
7.0 — ! g | Magnet Inductance
[ / [ Sm
: . Lift Coil LuacneT
6.0 | LatehCoil | / (0.00998 Ohm/°F)
T (a2:54 Ohrh)/” :
y | .
i | Motor Housing
I | HOUSING
Lif :
40 (& 2:4.50hm) :
0 100 200 300

Coil Temperature (°F)

Coil Temperatured|| M2 Coil Resistance #%t Magnetic Flux % Latch #IX|0f| E Inductance Hat
v’ Lift Coil : 4.5~7.4 Ohm v’ Coil Assembly (130mH)

v’ Latch Coil : 5.4 ~ 9.1 Ohm v" Motor Assembly (250mH)
v’ Latch Motor Saturation (500mH 0|4}

2016 the Korean Nuclear Society Autumn Meeting



Doosan Heavy Industries & Construction A Modified MRAC for a Single Motor of Latch Type CEDM

[&ZX] CEDM H|ME M : I M7 mA o] HE (Typical)

Engagement Window (mSec) Dropout Delay (mSec)
Current [A] !
|
N 17.7~24.3A == =======—>"-—= = : =
I : 4 0| ER%
I_ ___________ — AN Ny 4 1
e 1
F& 0| Level 0|40 S5EH OK Gap Close !
55~71AF---f - f-—-—-" ===+ - ==
1
|
S= Y N e ey e - - .
A Rc: Coil Resistance 0.75~1A|H/ o= === = m e e e e e e - - :— --- :’-\‘: Gap Open
' ____'l'.ir"ne [msec]

3 <
—= 2 ‘Al x| HEPof oot M FHS} <Glitch &>
—" -z v Gap Close: N=2 3o €2

| g v Gap Open: N=2 Z 20N HHEHIIH

Rp: Dissipation Resistance

2016 the Korean Nuclear Society Autumn Meeting



Doosan Heavy Industries & Construction A Modified MRAC for a Single Motor of Latch Type CEDM

[&ZE] HoS 5T X| = oE HWE Soll A HO &=t

PHASE A R BUS DUCT )
PHASE B F F
PHASE C hd . hd o
(d3)
PH-BOX =~ r T [ S PH-BOX {7 e e

34 Ml > dim g > pC Ml (MFH o)

160 E ] éj - E B E -Closed-loop Control
PR L R RS L L i (.o_l'gl kl)

(e ——

1 i o
I PHASE A | I PHASE A o = o o
i §§ §§ PHASEBE i 32 t  PHASEB | '3¢>|- EE > IEI_I-]II' g'IT >DC ﬁ'n'il (E |:!-x-"0'l)
| £ ! I I
i ‘ 32 PHASE C | i ‘ ?E PHASE C | _O en_|00 Control
i SURGE  +—K]— i i SURGE —{ i p p
:SUPPRESSOR I K 210:10 ! }SUPPRESSOR N2 I 210:10 !
I ) I |
| I I I
I 10uH §| E §| I [ 10uH | }
| E! | |
| | ! ol
i | | 1 ( =] E—:ln)
| : I | o =
| . 3 B HAFH HE
I | | ol E
i : } au i -—:'L = Ixj ar
i ! ‘ 40A S
i . - (E9)
| | —_ e e
| P s i -MO|2|AE|{(SCR) M= 2t —H| MY HA YA
| : | i _/ | =
i o | DR
: | i o } a-Angle Phase Angle Gate Pulse
: ‘ : } } Vref a-Angle Phase Angle
: POWER CONVERTER MODULE ! ! |
! oo eem P }
! 25A ‘ o : ! }
! ! Rofpmel = | i | 25A L ! n
I
! R Rl I ; ~ | Iref R _ | Adaptive LN Y . - Y .
| | cebmcoLEE | | b | OFd=, 8xgg) T | Contoller > aAngle > Gate Drive >
us) = [ | —
i ( ) = } E} LAMP } : i } a-Angle
i 1 l Lo 1 ) .
| 30A L ! Lo |
i DCHP SWITGH PANEL | i } lmeast_lre Zero Cross Pulse
! i | | (RLHE, ZHEE)
: 25m0) b | \. Il
I I
| o | v
I 1 I |
[ TR | I I
: 1uF b 1
| 2000V | | i Gate Pulse
! POWER CABINET ! | DC HOLD CABINET !

2016 the Korean Nuclear Society Autumn Meeting



Doosan Heavy Industries & Construction A Modified MRAC for a Single Motor of Latch Type CEDM

- o x e
[AI] 42t vs. ZETetol HIME AP
200
=\/dc1
Vdc | Vdc2
P ——
150 \\:\‘\
N ~~ o =1.3333cos
~~ 1.17
100 \‘
50
-1
0 Ay
0 5 10 15 20 2530 35 40 45 50 55 60 65 70 75 80 %\A)\\és\%o 105|110 115 120
-50
-100

2016 the Korean Nuclear Society Autumn Meeting



Doosan Heavy Industries & Construction A Modified MRAC for a Single Motor of Latch Type CEDM

/d

Iref I Error I CEDM
< »- - | Non-modeled
7' = PID tclz!-é! I'||O-|7| OU:”? (JIEd7, d72E) \]f Coptroller %nyr:gomii:

1
- 30| SES IR 2R
X0

Y

K.+ K, —
bl

ol 9371 Hlo|& Tuning & ol Imeasure

(FLTR, SFHR)

9371 HIOlS A8 = 7t Al Hofo]5 MH

« Al =/t 8 x A Hetof| mE Re-Tuning &

-TuningO| ERet7t? O Al SZ0ict £t 8 Al

« FAT(BZEAI): R/L 55} AFE <FAT Al= 937 MlolE8 CEDM 115 275>

« SAT(HZA|E) CEDM <&2ZE7>

- Start-Up(ZISAI&l): CEDM <Reactor Coolant System 2Lt IU2 L oF 150°CHA| AS>

HE AS HY HH 718 2ot TdE = Y5, 020 €l CHH?

« 3aAt XIHAZ(LD: Liquidated Damages) S

&tlol ol xsisixiel

Tuning 2t ¢t ol = AXA s at=
AH ...

* O/H SAZIZE 12 XA Al 1092 &4 /Y

Al

- QAHLE AR 2N

OoL. O

[k

2016 the Korean Nuclear Society Autumn Meeting



Doosan Heavy Industries & Construction A Modified MRAC for a Single Motor of Latch Type CEDM

[Control Algorithm(Structure)] Basic MRAC vs. Modified MRAC?
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[Identified Reference Model] M7|X S22 Zut=2

Measured and simulated model output
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[Stability Analysis & Proof] Control Law and Error Dynamics

Ym + @nYm = b7, Reference Model :

yp, + ay, = bu, Assumption: s HO{7|MAE SIsl...
e=Y,— Ym Definition:
u=r1r01—y,0,, Control Law:

0 0
e =—a,e— (b92/+1—/am)yp + (b8~ b, Error Dynamics — Zero

Control Purpose ? Stability Parameier Estimation
Is it Simple? Error Convergence Tracking

b a
0, = Tm' 0, = mT, Perfect Parameter Estimation Possible? Don't Care

=> Future Work! <H|O/ZAl/XIHE SA| +H
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[Stability Analysis & Proof] Lyapunov Adaptation Rule

Lyapunov Function Candidate: - '
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1 .. 1 2, 1 2 : :
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2 2
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Y 1(b61 = b) 0 2(b0; m) 0 Negative Semi-Definite
= —yae* + (ver+D;) (b0, — by,) + (M)(bez ta—a,) <0

6, = yey,

Gamma Tuning? How Implementation?
1) Error = Filtered Error

2) y—1 Tracking 2) Reference Input — Feedforward Gain

Lyapunov Function Candidate0l| 2| 2t Adaptation Rule2
Closed-Loop Stability ¥ Error Convergence= 2 & &/

ct HOF @30t 8552 92t Lyapunov Function Candidate] 4182 2

st x| 2 .
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[AFZX] Lyapunov Stability Theorem
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[MATLAB® Simulation] (PID vs. MRAC) Simulink® File
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[MATLAB® Simulation] Z3} H|xl (PID vs. MRAC)  ==z2io| orgist =X 28

MRAC vs Pl Controller: Current Qutput of Lift Coil with Normal Load

Current Output of Lift Ceil [Ampere]
Current Qutput of Lift Cail [Current]

L=J

@2} EI

45

(o] |
23t (9Q, 250mHZE7H

Caontral Input for Lift Coil with Dumray Load (3 Ohrn, 250mH): MRAC vs Pl Cantraller

: I1| 0‘| olaq (I-l OI-) o Ao &= (T el

Voltage Input for Lift Coil [Voltage]
i
Valtage Input far Lift Coil [Voltage]

mloj@lze| 2 to|7} w4yt
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[Experimental Result] Test Bed 7% <CEDM Mock-up At&>

CEDM Mock-up

R/L Load Bank

——
3 Phase Power

DC Hold Cabinet

Power Cabinet

Power Control Unit

th‘/m_/l!({\_((‘l‘_\ ) 1

Oscilloscope
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[Experimental Result] (PID vs. MRAC):
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Lift CoilQ] Q7™ F = PID ¥ MRAC S29| 32010 =/ o]l HAXMO = O|F 0
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[Experimental Result] (PID vs. MRAC):
[ —; — ] Moise Filter Off

=34.7ms  =100mY
1475 =300y
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[Project Contribution & Conclusion] Z|&Md1t A2M43 HIEIOZ MM
HAMNO| M2S 258 o
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[

Xt

- |

Z] 2ZE0 3+l Z3 Sample

MATLAB®

%time=idupl11{1,:7"; % time

u=iduplOi2, 23" % input  wector o 10001x1
v=idopl063, 0" % output vector @ 10001x1
N=lenathiv);

t=[0: 0.001: N/1000-0.001];

figurel)

subplot (3113

plot(t, u): grid on:

subplot(312):
plot(t, v): arid on:

P=10000+eve(5);
theta=zeros(E,M);
lambda=1.00001;

for k=3:M,
ph=[-y{k-1) -w(k-2) ulk) u(k-1) uik-2)]";
P=1/lambda+{P-P+ph+ph ' +P/{ |anbda+ph’ +P+ph));
] thetal s, ki=thetal:, k=1)+P+ph+(y(k]-ph +theta(:,k-1)];
En

%forgetting rate

SIMULINK®

A Modified MRAC for a Single Motor of Latch Type CEDM

_{E) oo @ _yone
vl iR S22
o s
e e = s )
pa i [ s 209
EERIE
e
. o ol
v o b NG| 4 Drie
Uy i
+H YV a )
o | b =
a2
[)—r=
)=o)
5

int  i=
float
float
float
float
float
float ro=1.

float deg?rad=3.141592/160.0:

for{i=0:i<du_Motor;i++){
if{reset[il==1) zero=0.0:
else if(resetli]l==0)zero=1.0;

it(du_HS_ny==1){
¥r=P_Reg_UL(i.
Ucr=MRAC_UL(Vr,

else
Uer=f_out_ULLil:

H

if(Ucr>165.0) Ucr=165.0:

else if(Ucr<0.0) Ucr=0.0;

angle=deg2rad+¥oltTodng(Ucr):

ok_UL=SCGD_UL_Set_Alphali. anale):

z?ro)+f _SP_R_UL+f_1_UL_rlil:

e TR e e e e e,
DRCWEECS o

e
N

UL Coil Current Regulator
for loop

voltage

voltage

voltage temp

alpha

algle

Zero

¥1.¥2,¥3.¥4

check reset flag

else set

if Haster

get P control value
get WRAC compensation
else (Slave)

updated by 485com

Max voltage 165 set
Hin voltage O set

Set Gate Angle
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(&2 AR A2l MRAFOZHEH A XHo=2 MH| M8 <S/W V&V>

>

-

— —

*S/IW *S/W Design *S/W Code List *S/W Component *H/W + S/IW
Requirement Description Test Integration Test
Specification I «S/W Code

*S/W Test Review *S/W Integration *System Test

*S/W Test Plan Procedure I Test

*Implementation *Test Phase

*Requirement *Design Phase Phase V&V V&V Report
Phase V&V V&V Report I Report
Report

A31E| 5,62 7] Sl JHEEA
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