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Design of Linear Pulse Motor Type Control Element Drive
Mechanism for SMART
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Abstract

The integral reactor SMART currently under development at Korea Atomic
Energy Research Institute is designed with soluble boron free operation and
use of nuclear heating for reactor startup. These design features require the
Control Element Drive Mechanism(CEDM) for SMART to have fine-step
movement capability as well as high reliability for the fine reactivity control.
In this paper, design characteristics of a new concept CEDM driven by Linear
Pulse Motor which meets the SMART design requirements are introduced. The
primary dimensions of the linear pulse motor are determined by the

electro-magnetic analysis and the results are also presented.
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A o] 85 A=) (control element drive mechanism, ©]3t CEDM)+ {9#27} AAEA
9 W AoF] FYFE A =49 ANIEE HAH3F Aojse, =T IAEA
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SMART?®] o]2]d AA LA A3 CEDML2A APHAXARE(linear pulse motor,
LPM)E FEAXNE MNiFe ek A¥I2REY CEDMO F8& FEF2 247
(position indicator), A DARE, FF42], 443442, 4487 o, B¢ A7
o AFZES VAL vt AT r AJHor MAFEHN sHEAY & o] FA
A5 A AAE 5 & B ok, FEFAV EF AAVYRLE AAHRBE A
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7HA 2 et

APL2REHFY CEDMS A MIAA DAZA FF AARFS AAFE AFso
T ASAES FY3e AANES HAFEAE, bs dACdAE JEEAE FYEA

LI= AFst 74F AsAEE £3E Aol & =RdAE FAZAA AdAAD A
FE2EEY CEDMO 7+ #3359 75, AAA FHHLE Iselof & A3 2 7%
Ll dste] At gt

2. AA5A

SMART #A&2 APF2R2EHY CEDM2S ¥ 27} 2,000mmEA 18 194
BE nbe} o] iz Ae] vlwA Feow A3 EFFF ol o] CEDME AALE
£ 350°C, AAI¢E L 17.0 MPa °]v] CEDM ¢8 774 WiE 42 AYAA =Hu=
THEAE QA U RelA FESH Ao ZAA AA RIE $ste Ui dxee] &
EE 180T °lsl7t 5% AAR}. CEDME FLEFE 2 752 o7 2o}

2.1 S12 A A 7]

39 164 B kst o] AJP2RE ] shEAet A28 42
T8 ATAH ARl =l AEFd A SFeol= o] TR
47) e Ax1" ANA(Z2$Z ; choke)E T3 ZAF2ZHA Aol
°] %3 AFA WH< permalloy HOIZE HFsle] HE ERo]
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axtele] A st 2owm o] F x93vt I o] Hel X E FA} A =
3¢ Z%3 Aol Sxle AYI2EHY EJY HX(pulse)?] 2 FAT 5 IEF
A 7 A B s F ) Z5ac g7 AR LA H2E 3
gk o] 2YIAAE SHT Ao AH S 1329 3RS ol&3 2F
29329 JYH2E WA A AL-AFSA g 4 3= 7FE3E 9 ¥ (saturable
reactor) 2 & o] &3 AT wHFAIAAFI} AS Fol7} YAl AEE: FL3}
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H2 sz Hdc
B, =B, + B,
B, = B, — B,
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A7NA, B,t IFewEA WIs Fo] FFHAAA TETUL ASEUEXN, B.=

H, st Hpol 232258 34" ASLEC|}, o] Bl d$3te Aol #ESHL, °
AgS B8 WskEo wdsy] wied 4927Aa¢ F35e) 20z Hlse] $& A 2
2Z3}A%5(2nd-harmonic flux)el2t £ =dl, o)Al &3] Al 2 ZEspAo] EAH
th. o] ARE o] &3 X E FANAY AXAA 7 dEFer AL3c.
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AR AAR I 5 FAAINI] A5 S o=, FA 2R, FFHTLE o]
g 347 Ade] A} o] A& AR AAA A]EHTEFAA

5= ATt Aoj%o] FA AR Aol IEF F5T

73%%}7‘4 A8 47 WFs YA, o)TdA, ITFANTLE FAHIL, JRE A4
2 AA Feol Ax"cl. AAM 2 3AA AAo] JdE T tM e 2H|
Aol 2o R Qo] WFch. AAXNZHY AI7t Fo]oW AR o] oztE]o] o] F Y
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AT AFOR Gol dond ol AIFAAT) A UFE H2 AU I A L
FAFA Ak RFAA 1FAA) WAE FA] Astel | FAAZA 209 FTA
He AART oo $99E IS AARAZAAAH BAHES e Aol F

goixwa 2zge] Yoz Po W} BUH] AFFe $HYL T4
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H| ALl ) RA o] A, AYHARE A A E ARV G R {2532
A9 7HEA, AZE 2 Aol¥ IFS E% TE5F7 A5z F535A dstshaA 4
g5t o] W Doz FH T HF &S BAISY] A5 IR 1949 Fol
AE-§7) e FA(INARNE AR s of h=d £ ‘?57“5‘] AxEe FHA(NZXNZAH F
g9 E At o] FEUHE LI 2E2A, Wi IZAE AHYA 93.3:‘1] 3%
o] FolxH Wi fFA7} ¥ YFAEY FL FHLE wAUYIEA FHE FFEeE
Lol Eo] wiAYrtE 7R =& 9} n}'—;f o uwgt Folxw AAFAY o]
$FEH o] &34 He d o] AR FEFEY dEEe FFAVA I} FEY
He F43 AdolnZE JHEE97 AF s "6“7—1'5 AR 9 @A . dAH L) B
R AL g9 wpES Fol7] fstd ¢¥-8Y] ¥ FYWHEY] Aoldl Graphite-
fluoroplast A} 2 2] n}Zu| o] & Ax) g},
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APP2REFY CEDM 447 AZEQ oFdUE 3 AF47], 75579 £
H2RE7L S € FHE7]F A F FESE o]FoA 9. o] F &I &
EE VE=R dZFd, ddo] A FEE 3 st oA HEHA. FFEE7)9
Z+ AAEY Aol & AR 555 &3] 317] st v ARA R £}
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.RYd2uee] AA7] 94

AYH2Re= 9539 44 AF7F 714 REE ASshy HE9 d¥o] gl A
= R¥(Canned Motor) 85 AH-&38t}. 13 3 AYF2RE AYS HAF |
Eoln] I9 4+ IdHEo|} o] F IR K& uiel Zo] AJIXREE
AAE o] AsEFE ste hEA 2 W R AR x, 2L 4¥H-E7] b2 Fd
TeWHger AydHer wixd e AR AAEH2E o] Fojx gt stEA, A%
T EANTIFE EFT BT TEFE AYHARHY AL R AA|HIL &
W IAAE WEIAAYG YFIAAR LEstd I AolE AL AEES SEF
stk HEASY AT AFH AEFIe RS BAEHY] A F gRIAA AFE2E
2te], 2L WEIAAL Aol mpEH|o]Y & éi] st on, 75 A= o] whEu o] oA
gt FE35HA =) o] mpEdlo]d AA L ALLAAMNE WutRAo] 4313 upRA I AL
Graphite—fluoroplastg AF-832 24 ulFo] o3 A& A3 § JEF 9.
APH2RE = Ul AAAF T AR A2 AH)Fezx 7MeAE B3t
2 FEFsHA =Hed, 29 36 ZAE AAY 74 AAAS HeAAEEH 2AHE 1, 2, 3, 4 2
I AY, 1-2, 2-3, 3-4, 4-1 o] £AE A Ae]Fe] 4L, 4-3, 3-2, 2-1,
1-4 9] £AZ AgAstd AlojFo] A&} A% 49 2L UEEEE AR ¢A
API2REE By P29 Fo o8 ZAA. 71gA 2 AR 2 X F pe 34
7VEA X7 AR 2 ¢F Aol ubE wwich p/4 wHE A FXUYEF AAZEzH (Y 3 F
Z) 7hsA e 439 HZvith & A g-F o] F 3 =, webx & 27 JHEAY o F
A A% ol FA)E p/4 7t Atk wEbA shEA 2 AR X IR E ZHFLRH
g 27 olFAYE AT 4 ok 4 AAAAAY AAL wix= A7 71z Wl
QS & dEd IY 4 8} o] 90° F LR wixF 472 AR o] FojA dE AL,
A e 39 4 o ZANF A} 2o o|XY ARE ISV Hstd ¢¥€E7], 9
AFZE, 7HeAY AARAE v AAANE A4S AF ). AAe FAZ Y
A5t AAREF L FFL7|9 R AAHES st dx57t A FFHA =
L A ""’l"*':'_"—‘ﬂ] AxE FE GEFV FA AEF g 2HUYE Bew
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ffBH(B)dBdV (1)
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AR AT W BARE 39 F, (0,, )& T& 43} 2ol drh

F. (6,,0) = [ Wy ] (3)

By = const

714, & pole pitch, §& T, BE TIASLE, O;& 7IAFE vehdith. A7)

St vz W, & F3t9 o537 2.

_ B
W, 2 Sxl! 4)
A7 A, & 2% AolE vehdrh. of W ASUE B vhedt 2k
]
B = K 788 (5)
21(4)8} 2 (5)o A A7) etz W, v oS3 2.
@ 2
W,(Os, x) = #%786 xl (6)
@A B Faa e 2ok
F(0;,0) = 55 6,°1 (M
_ 1 _ 2
Fxm‘,_ 2 Fx_ 48@6 Z (8)
debd, SARAY YRE Y UE Fauk e 43 2ok
— Fxm’ —_—
Fax = 27l 88T @5 9
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4. A&

SMART ##2d AJL2RE]Y CEDMO AAMNI S AFRgon JHFFA A3
F2RE] ARV A S F3t] BEHO A7|9 FYHAe] FAJAE TFH2EH EHI
TE AAC AR Hdd —’F 9A =HAk APYL2REY CEDMS RE IAAe] 3]+=
25 7HEAE W AR AJH R MAFe2H spEAe] & olFAYE Al AA
g 4 9enE uAz “:,“‘ 2 2 X3Ae] 273+ SMARTH CEDM2= A3
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