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FYA At TEre] 91

x | -

3F4%
Daejeon«: 1:05 hours
- Seoule; 2:05 hours

Reserved
(260,000m?)
650m x 400m

(1 80,000m?)
45‘0m &400m
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— M04 MO3 MO2
;Kl(n;moe;m% %104 NYK103Y k1028 K101
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DTL107 DTL106 DTL105 DTL104 DTL103 DTL102 DTL101 DTL24 DTL23 DTL22 DTL21 RFQ LEBT Ion

100MeV 91.7MeV80.4MeV 69.1MeV 57.1MeV 45.3MeV 33.1MeV 20.0Mev 15.8MeV11.5MeV 7.2MeV 3MeV Source

OO0 o ooao.o O OO oo 7

RCCS107 RCCS105 RCCS103 RCCS101 RCCs24 RCCS22
RCCS106 RCCS104 RCCS102 RCCS23 RCCS21

B =sdolE @ HEFdely [ rees
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HAd =9 A : -105 kv
Aol =9 A7F : 53 A
H H2Z . 1.5 ms (lonc

pulse)
H2~ droop : <1%
A "H2~ WHEE . 60 Hz

Hol duty : 9% (1.5 ms,
60 Hz) _ B

’43;1'1;«10 ﬁmw K102 K101

DTL107 DTL106 DTL105 DTL104 DTL103 DTL102 DTL101
100MeV 91.7MeV80.4MeV 69.1MeV 57.1MeV 45.3MeV 33.1MeV

O 00 o oOooco

RCCS107 RCCS105 RCCS103 RCCS101
RCCS106 RCCS104 RCCS102 6

DTL24 DTL23 DTL22 DTL21 RFQ LEBT Ion
20.0MeVvV 15.8MeV11.5MeV 7.2MeV 3MeV Source
50keV

O O 0 O O

RCCs24 RCCS22
RCCS23 RCCSs21



HVCM (High Voltage Convertor

' WATER COOLING OIL PUMP
Modulator) unit,_sse SYSTEM
(155Y5021500C) (165Y502307DC)
DIODE RECTIFIER FILTER NETWORK SNUBBER
ASSEMBLY A RESISTOR
(156¥5024000C) (185v502540DC) ASSEMBLY
(155Y502576DC)
2EACH
I H.V. OUTPUT
RECEFTACLE
TRANSFORMER AND APACITOR BAN SWITCHING BOARD 20KH: - - | <
12 PULSE REGULATOR (155Y5021000C ASSEMBLIES TRANSFORMER v sl Hv v %S;E;":g;é%’c
(155¥502218DC) ASSEMBLY (esye02es0nC)
3EACH (155Y5023300C)
£ [ Bt
+ L | —L J_ 1
v Lol 3 ~ ‘
12PLACESs ™~ ok *3 _m( r -
N 4 [ S ml
. AKX [ e g - 3 ] —‘
- | ml
L\/‘/ o o4 /N 7ERH = - | ]
L UMON -
3PHASE _
Jriase 3 A A l T . I %5 T = H.V. DIVIDER _m_:K T !
soov _ ol ’(A\’ == J’“ J xj RN DR
0.8 MUA \. e g »—’W\ﬂ
gl I I € - - . - ~
o AAA TEgH 1 N
LA oferod 7 NE: - i
- - - ~ —y
%% | x ! % A
A - (D o
I A &

|-} —— (FEEDBACK)
EQUIPMENT CONTROL

SCR(Silicon Controlled <o

Rectifier) unit Control Rack

unit



12-pulse rectifier

HF ___
\/\
Transf.
DC-link 2 g
2.2 kV 5 t
AC grid (+1.1 kV ; Squar ——
3.3kV +2.2 kV
Capacitor bank -2.2kV
16 mF x 7EA (parallel
x 2 SET (pos., neg.)
MA N, = #Ha —
187 A, F2 3 Full bridge inverter 1

fswitcning T, Capacitance |

IGBT max. fswitching = 20 kHz

- LC resonance part with H.F. Transf.
- Zero Current Switching

(using IGBT) x 3 SET C-core type

120° phase shift Nanocrystalline

(LC resonance

LC Filter
YY)
Pulse DC __l__ Pulsed DC
AC +ripple T 105kV
20kHz |105kvV =
105 kv
Diode rectifier x 3SET

with leakage inductance of H.F. Transf.)

Turn ratio =18
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BEdoly Ael7] gawel= HlA

& Aol7le ¢ @A

& 9]4HE (32, Dynapowerijit) ¢ $HA

& A|ZA} (Dynapowerjit) E2AY AlY &
Az AL #HA AsE, dv]E R SHA

G HEYY o|F Alo7] A REA &2 g GF

. WX &2AF life cycle T8 WE FAH

A~

T

& T3 /NY ZPE (Windows XP 7|Hh) o] W& 237 HZ

A7) JE A (DSP fault) A Al, @ 1A

(<]
R

Al

oA A



REdelE Aolr] fdawel= HjA foe

NE Aojrle A BAX o
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: IGBT shoot-through HZI 3|2 F7} QA FU

"“ TELEDYNE LECROY
Everywhereyoulook™

Control chassis generates 5Vdc output regardless of external GATE signal.

Ch1. Bn phase GATE (comes from control chassis front panel)

Ch2. B phase GATE (comes from control chassis front panel)

Ch3. modulator voltage (comes from control chassis front panel)

Ch4. Klystron current (comes from Rogowski coil located near klystron cable)

5Vdc output from all GATE signals - ‘

L3
Measure P1:mean(C1) P2:mean(C2) P3:mean(C3) P4:mean(C4) P5:dwid@Iv(C1) P6:mean(C1) P7:(P5-P6) P8:(P7/P5)
value 200V 220V 16 mV 1imv 18ns 497V - -
status v v v v a v

~ s00Vidv]  5.00Vidiv 1.00V/dv] 500 mvidi
840Vofsty  830Vofs]  0mVoffset 1,495 V]

11
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1. FPGA based logic development

[Original] Logic device

oﬂ%}— o1
u Analoigg/nDallgSltal u Analog/Digital
GATE FPGA signals
(Interloc . FPGA :
k summing) | Eto0 | IGBT driver GATE (IGBT Etoo | IGBT driver
(A, An, B, Bn, T 7’ gating & * (A, An, B, Bn,
plnterloc C, Cn) Interlock C, Cn)
CPLD summing)
(IGBT
gating)

& FPGA = Interlock summing & FPGAX IGBT gating, Interlock

: E 3}
summin
@ CPLD = IGBT gating for pulse I e

----- ftattening--------"-----m oo
& Windows XP

& Windows 11
@ VHDL in FPGA & VHDL in FPGA

@ Function block in CPLD

7]<¥5 CPLD function block® = AZ|H IGBT gating
logics VHDLZS W3y I A5 HAS ZQ
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IGBT gating log~?l
in CPLD

[Original]

/ - SRRSO
K.

AERI  Korea AtomicEne ergy Res

1. FPGA based logic development

Yograde|]

rh Institute

IGBT gating logic 1

‘I-\@ \EEMI\-W‘M I-M'\-M-WI‘M'\EII\ = "
1]

B e |-\ \Eﬂ\ \E:zh |—m|szn = \EEI\‘\E}E\‘&‘@H@: L \fi]:“ e
- i |-\ \-\ \m |-\ \Ea\ uﬂ =1 . il
- |-\ H-\ H@\ H-\ H-\ Hm H-\ Hm [Ef]‘l tL:E‘ —
m— W-wm\wm e, &lfﬁ =
= ‘L—-‘” . W .
-‘l'-“@ alol Elﬁ i E g &
‘LF” il “\ \‘ \F\Eﬁ [ﬁm‘uﬁ\ ‘HEE [EF H[é]‘rx\‘ﬂ.‘,ll
o @‘J@“‘f}lm” J = ErEr e
‘-‘ \!.@ (] %\‘M%'LE?{"@:
" ‘"‘“m “leeEiE S e
- ‘m‘ " E"W‘d“ ‘Jﬁ,‘w =3 Y s T b

01-26-12
Kaeri units 2-3

nnnnnnnnnn

& (M01~MO03), (M04)E SIERAIN 2

on board programmingl & s &4

Y 2 F2d &4, A ZSEXA O

[y

T=8l0l,
N =
o

CH
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1. FPGA based logic development

: Pulse flattening technique

Control Chassis
(main controller)

., swomFPGA V¢

A
—» SW1 An
B
—F > SW7 Bn
GATE—» c L Cn-
Fault cn > (Mx2ea | cpno
Modulator,
current RC I Comparator#1 (ref :+1.12V) }J
integrator
n | Comparator#2 (ref :+2.25V)
:
|C°mpa’at°'#8(refi+9-00V)]—W" Reference [ tH [us] | tS [us] tAB [ﬂsl tAC [ﬂs ] Dead time o
I SW Volta e [V]| Ontime | Period AB< ACS [us] Duty [%] | fs [kHz]
e 9 NERE | AI2ERE
vo, RC integrator
. none 0 23.62 | 53.80 17.94 35.88 3.28 87.806 18.587
o e SWO | +1.13 | 2362 | 5348 | 17.82 | 3566 3.12 88.332 | 18.698
' SW5 |
B ; SWi1 +2.25 23.62 | 53.20 17.74 35.46 2.98 88.796 18.796
+5.62V oo i
Lol 5 & A ; SW2 +3.75 2362 | 5292 17.64 35.28 2.84 89.266 18.896
SW2 '
s i sSw3 +4.50 2362 | 52.68 17.56 35.12 2.72 89.673 18.982
#2.25V | i
Az b i SW4 | +5.62 23.62 | 52.40 17.46 34.94 2.58 90.152 19.083
i SW5 +6.75 2362 | 5212 17.38 34.74 2.44 90.636 19.186
1.5ms
SW6 +7.81 2362 | 51.88 17.30 34.58 2.32 91.056 19.275
= H = = =S~
& A ATk e sHAE FIrsWt | +000 | 2362 | 5160 | 1720 | 3440 2.18 91.550 | 19.379

~ Z ) O~ H =) aAN A aAN AN A 1 T
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1. FPGA based logic development

: Pulse flattening technique

Control Chassis

(main controller) | At
A-
(Tx) x 2ea ::;
V (Tx) x 2ea B+
cc
— > SWO FPGA A g;‘ X 3ea
S An (Tx) x 2ea Bn+
B
> sw7 Bn I)l\ (Tx) x 2ea ::T
il - L m—r——
Fault Cn K (Tx) x 2ea | Cn+
File Control Setup Display Trigger Measure/Mark Math Analyze Utilities Demos Help me%ﬁ{&ﬂg (=] x |
Modulator Gsr\g!e 75|feoo msars J[r60 mpts | (Bandwiden| [woe @ riosy OIS FuBH
current inteR?a " Eompataionkli(fefs e T12V) §» @200y |[soov |@Eloov Jfroov |@Eloov Jfroov | @BEoov Jesov |@RE[s00v [2sov ]\
" [ Comparrtz 2250 |- - @WESTY VT ] @D v JOBEmv Joor o MENNG> ¢ |
- | S B 20.0v
° § T S VS
2 | |
| Comparator#8 (ref :+9.00V) I—— e " " et o s | TR
rH
vo, RC integrator SLe it 100V
A SW7 =y N . MR N R MWW e pew . 4 F- = =2 - = e = e et {
+9.00v T E \ 5.00V
+7.87V | --mmm e mmmm e g 1 %  wm w w w e m : &

SW5 ' £ s
26.75V Cewa T ! R ] ooV
+5.62V o T T i
SOV o i ; oV

375V oo i -
3 swW1 : o B
+2.25V - i o2 SN s
SWo ' o Hil -10.0V
+1.12V - ' o 5B =
: -
time oo Bl s
1.5ms o7 S e
oo S o
o~ -20.0V

@/ X% = Z] %%}:ﬂ] [q—% 8 ];;'—-7:" E_ -?—:Cj};u{-;: ]Eﬂ S0ps - 150 s 350 s 550 s 750 ps 950 s 115 ms 135ms 155ms 15ms (@)
ﬂ‘ @@ 200ps/  [750.0000000ps @) @) > J.‘,l]

17
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File Control Setup Display Trigger Measure/Mark Math Analyze Utilities Demos Help
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FPGA based logic development

: Pulse flattening technique

rers
s AN KErsGHT DB File

E N S

sis

| Setup Display. Trigg ure/Mark Math Analyze Utilities Demos. Help

o]

)

2
é'_/\KAEI'{T:

SIRAUXEITE

Kerea Atomic Energy Research Institute

| mgd? @_rh.oanv 19ie)

@';’:z.ouvl \[-s.onv |@B[.00v |[00v | @Bloovy Jfoov | @Boov |fasov ]@‘;’[s.ouw ]'—z.suv ]

g@';‘"‘z.uu v/ J[eoov |@EBoov |[oov |@BBEoov Jsov | @Msoovy |soov  |@E[soov Joov ‘]‘ ?

§O—®> R § @BEoov ooV |@Elov |ov  |@%fsov |pov © T D>

H . 5]

4 2

E 3 | | ] o

- : § oo L
1 | ! L [

3 )wﬂ;

el

BT

=1 x|

il A KEYSIGHT | _ |

why

250V

200V

150V

100V

96 ps 956 ps. 966 ps 976 ps. 986 ps. 1.01 me 102ms 1.03ms 1.04m: 1.05 ms ‘ 1.028 ms 1.031 ms 1034 ms 1037 ms 1.040ms 1043 ms 1.046 ms 1.049 ms. 1.052 ms 1055 ms
() 10.0 us/  [996.4800000 us @ ) Q )[() 3.00 s/ [1.0433600000 ms ;@ > i}
SRR 5]
Current | Mean | Min | Max | Range (Max-Min) [ StdDev | Count Measurement Current Mean Min Max Range (Max-Min) Std Dev Count
® Frequency(A) 19069374 kHz  19.069389KkHz  19.069333kHz  19.069429kHz 95307527 mHz  17.774340mt 151 ® ATime(6-7) 260632382 s -2.60634520 ps  -2.60649753 s -2.60621607 s 28145 ps 53.640 ps 140
@ Frequency(B) 19069349 kHz  19.069302kHz  19.069336kHz  19.069445kHz 10878527 mHz  24.060037mt 151 @ ATime(4-5) 258086324 s 258986222 s 258973221ps 259001064 s 27844 ps 53.147 ps 140
@ Frequency(C) 19.069378KkHz  19.069388KHz  19.069315KHz  19.069447kHz ~ 13206551mHz  23053854mt 151 @ ATime(2-3) 260614344 s -2.60618143 s -2.60630784 s -2.60606020 s 247.64 ps 52467 ps 140
@ delta Time(A-B) 17.4745588 ps 17.4746036 ps 17.4744515 ps 17.4747996 ps 348.16 ps 61.981 ps 151
@ delta Time(A-Q) 340440788 s 34.0441213 ps 340439808 s 34.0442657 ps 282,04 ps 58,874 ps 151
ts
. N tAB [us] | tAC [us] .
Reference | tH [us] | tS[us] A A Dead time 0
— SW . \ ABA! ACA Duty [%] | f. [kHz]
Voltage [V]| Ontime | Period [us]

Ad

BA ]
car ]
@ A7 A& g

|

AI2ERE

Al 2ERE

none

0

23.62

53.80

17.94

35.88

3.28

87.806

18.587

||

~ Z ) O~ H =)

SWO0

+1.13

23.62

53.48

17.82

35.66

3.12

88.332

18.698

L

Swi1

+2.25

23.62

53.20

17.74

35.46

2.98

88.796

18.796

SW2

+3.75

23.62

52.92

17.64

35.28

2.84

89.266

18.896

SW3

+4.50

23.62

52.68

17.56

35.12

2.72

89.673

18.982

SW4

+5.62

23.62

52.40

17.46

34.94

2.58

90.152

19.083

SW5

+6.75

23.62

52.12

17.38

34.74

2.44

90.636

19.186

SW6

+7.81

23.62

51.88

17.30

34.58

2.32

91.056

19.275

#5HEsil

+9.00

23.62

51.60

17.20

34.40

2.18

91.550

19.379

18
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2. IGBT shoot—through e SERIDINTE

.ﬁro te&i on

Gate

@& A|°]7] IGBT gating L& 2S % IGRT
blast A3

(~

IGBT tlnq Q52 HEA|~H" IHQg

I = q~\rs EDYNE LECROY
Control chassis generates 5Vdc odtput regardless ot external GATE signal. v

verywhereyoulook

Ch1. Bn phase GATE (comes from control chassis front pangl)

Ch2. B phase GATE (comes from control chassis front panel)

Ch3. modulator voltage (comes from control chassis front panel)

Ch4. Klystron current (comes from Rogowski coil located near klystron cable)

e T e~ I Y

“‘...T_ e o rﬂr__——
ub Ll L [ L 5Vdc output from all GATE signals~*
4! L L | | " | | N

i
Measure P1:mean(C1) P2:mean(C2) P3:mean(C3) P4:mean(C4) P5:dwid@Iv(C1) P6:mean(C1) P7:(P5-P6)

P8:(P7/P5)
value 200\/ 220V 16 mvV 1mv 18ns 497V

lus v v a v a a
[TBase 584 1 [Tigger @A)

5.00 V/div| 5.00 V/div| 1.00 V/dlv 500 mV/div 200 ps/diviNormal 225V

-8.40 V of st -8.30 V ofst} 0 mV offset| -1.495 100 kS 50 MS/s}Edge

19
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2. IGBT shoot-through
protection

Control Chassis
(main controller)

A+
T 2
(Tx) x 2ea A

An-
e (Tx) x 2ea An+

:. _________ " 1 e B+
— > SWO0 IFPGA A protection B- X 3ea
—> SW1 I An circuit (TX) X 2ea Bn-
: B (Redundanc Bn+ I I
) 1
— > SW7 : Bn 3 >| (Tx) X 2ea | ZT 1
GATE 1 C Cn-
Fault 1 Cn (Tx) x 2ea | Cn+
S 1
I
Modulator
current RC Comparator#1 (ref :41.12V)
integrator |
| Comparator#2 (ref :-42.25V)
®
°

°
Comparator#8 (ref :+9.00V
| p ( ? )l_VVVV\V

—-— pulse out
sig_out <= not(lat_coin_flt) and not (£fl1t_sum) and gate and not (auxflt_reg);

pls _a <= (s_pls_a and sig_out);

pls_an <= (s_pls an and sig_out);

@ FPGA WX ZZA O F IGBT gating A&

=
@ FPGA Y I1c BRI3IE F7IE 22 ¢IEZ (Redundancy)

20
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2.
protection

IGBT shoot-through

Control Chassis -
- Drive
(main controller) -
IGBT (Tx) x 2ea cate
Shoot- (T ) 5 orve
— > SWO0 FPGA A protection X 3ea
> SW1 An circuit (TX) X 2ea
B (Redundanc
)
— > SW7 Bn Y >l (Tx) x 2ea |
GATE C
Fault Cn (Tx) x 2ea |
| 110 D (O |
F5V PS5V 5V iS5V
Modulator N N N ~ oV U1103 v
current RC | Comparator#1 (ref :+1.12V) 51110;1 [?1110F3 gllluos gllluof ;ﬁ T
—_—> u LUl . .
int : 1 6
Integraitor | Comparator#2 (ref +2.25V) —— - y = VbD o VRER
2 5
A ° /
s from FPGAD GND GND GND N ouTH [ewy 020>
[Fomzzacy 3 omne oumt £ IGBT A ©
| Comparator#8 (ref :+9.00V) l— rEV . to EtoO
Y
| enp module
Iﬂ +5V HEF4043BT,653 VL1024 UCC27611 g;
High - T U1101A FanvosAPW '
Input (IN+) 16 VDD S
Lowp -———————"—"—"—"—"——"—"————————- 2
o r £
High J_
Input (IN-) qIDGBT A Anf VSS OE 5%)+5v o v U1104 v
Low
CoincidencaPd Ll VDD  VREF jﬁ
S0 IS R A not/tee rtasiizsy ZARIN OUTH [2—e—e[PWM_ANIOAC)
Output / FPGA -
ool LN Y [Fo_anmzacy 3N+ outL IGBT An &
ol o IGBT An @ - 71_ todEtioO
module
Figure 2. Inverting Configuration from FPGA uccarell

(OUTH and OUTL Are Tied Together)
Ucc27611 =914

2]

=
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sig out <= not (lat coin flt) and not (flt sum jhs) and gate and not (auxflt req);

3. Fault waveform capturing

plsa <= (s pls a and sig_out);
pls an <= (5 pls an and aig_out];
pls b <= (s pls b and sig out);
pls bn <= (s pls bn and sig_out];

pls ¢ <= (s pls ¢ and aig_out);
latched gate mon <= (s pls a or s pls an) and (s pls b or s pls bn) and (s pls ¢ or s pls cn) and sig out;

pls cn <= (s pls cn and sig out);

--latched gate mon
o 3 o GATE OUT MONITOR

R latched i
,,,__A CATE
£ Z2XHOZ X2 HE
st

¢ FPGA U
¢ MO 8HE fault latched GATE SHAL

l.
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4. IGBT gate stop condition

‘Original] IGBT gate stop 25N

Ch1 Outputvoltage ™ a1 A TELEDYNE LECROY
15v1-Ch2: Outputcurrent 73
Ch3. Klystron#1 current
W Th4 Klyston#Zcarrent ] v | 1 1 o i ) R
we el b o B R
o
\(’
Y e e o e | e e e e o e e e el e e e e e e e e e
Modulator over-cjirrent trip T
A5V l
2v d a
4T6ps AWous Toys & 124y 2448 2448 T24ps 92448 134ms  1524ms
Measure P1:mean(C1) P2 mean(C2) P3:mean(C3) P4:mean(C4) P5--- PB---
value >245%8V > 24759V - -
1 f ¢ 13

vabon 54
o ! s - L v v v v L v
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& IGBT over—current
& External GATE 2= (duty fault £)

& &= M2 over—-voltage
==
|

& IGBT over—current

& &= M F over—current
& IGBT gate 2% (coincidence)
& Klystron fault Arc energy

<20 J
& Human safety
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SETPOINT HODULATOR
HODULATOR VOLTAGE
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SETPOINT CAP 4CAP BANK
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HODULATOR
CURRENT
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Ch3. output voltage -95.6 kV (-4.78 V

x 20 kV/V)
Ch4. output current 47. 6 A
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Measure P1:mean(C1) P2:mean(C2) P3:mean(C3) P4:mean(C4) P5:mean(C2) P6:mean(C2) P7:(P5-P6) P8:(P7/P5)
value 2374V 2270V 478V 476V 2280V 2233V 4 mv 18e-3
status v v v v v v v v

4.00 V/div] 4.00 V/div,
4.00 V ofsi} -8.00 V ofst|

TELEDYNE LECROY

200 ps/divjNorm. 410 mV/
25 kS 12.5MS/s|Edge Positive
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