=y JAERI-Tech T .
2003-022

JP0350107

SR EY R AR B E B R E DRI

(25E%)

BAE M- Al KA

BEXEFHWHRFR
Japan Atomic Energy Research Institute




AL R— I, HARKFIRAERBAERCATIL T DHREREETT,

ATFORE&LEE, HAKF HFFRAFFEE R AFRBE (T319-1195 KU IRH
A HT, BRLELIIEXY, 28, ZoEMCMEEART LR tE S
H— (T319—1195 XIRBAEECRAA H AT HFRFAN) THEEIZLZERMHN B
I TEYET,

This report is issued irregularly.
Inquiries about availability of the reports should be addressed to Research

Information Division, Department of Intellectual Resources, Japan Atomic Energy
Research Institute, Tokai-mura, Naka-gun, Ibaraki-ken T319—1195, Japan.

©Japan Atomic Energy Research Institute, 2003
WREMRITT HARIRFBIRT




JAERI-Tech 2003-022

HHTE/ N R P SR R SRR B B 2 B D PR SE
(FEHF)

A AT ORISR LX)V F— 2 AT LR
B # - 6l A

(2003 4 1 A 30 BH)

REAEAFOHEREEEL R R TRAROMICRE XN TV A, FERHE
EERIEERRTAEENCRBEI NS bOTH S, NENHEEEEEIZ. HERCH
LSBT DA PR LR SHEM L RS & &b, BMERE /MUY UREER 2K
BT EMTEDED., EHFN/NFICERAINIBERERENTH S, INET. FEUHIM
FFAE LT, B - BEKEET CHET 55— 5 —RBA RO PSR S R 5B % B
BLTVD. COWRRREDEIC. APFTIR. EHH/NUFONERHEEREEE I,
BEELAGEOBERSBEHASTHERTES LI, RAZFHAKTOREERZRDZITIPTNESE
ZAoNBBHTE—FY—DIMNRVMZEZERIZHHDTH S,

Bt —y—iconTil. BEERERSTEHT—F—284EL. BRAXIPICBNWTESH
I VD EREENE R UGBS ERET 2D ORERREEEL. TORBRERRUIINE
TOBBKTHEFERRER CED X, BAXKSEEST TOBRMBIERNHASE 2R
B L. £, BIZICOWTI. SEROBEEE AW RS R A RR T 2 3k
L. BRAKTTOBNDEERREERL .

FORRE BREERSTRIT— Y —OBB a1 L. BRATEEE—y —IC
LTETFRELTHED, BRHCH T THBIEEHRELE. £ FEKOET—F -2
BASPEETICBNTOHMERERETES I EARELE. 512, SEORS A
SORBEE. CNETOATAMZORBREER. RURSP COTFRRBRERICETE,
S ELTOMEEFRMET S L L bic, RIPBEK CHEMTMARMZE 28E L1,

ThSizk D, RESESF THER RS NENFERYEE MR T IRALEE
7o

EHRIL. BT X BCEREEN S OZHME [EH/NUIFEREMBARE] &LT
ERLIHbDTHD.
HUERFZERR © T319-1195 RIRBIBFIRL R e A 5 H AR 2-4



JAERI-Tech 2003-022

Development of In-vessel Type Control Rod Drive Mechanism for a Innovative Small Reactor

(Contract Research)

Tsutomu YORITSUNE and Toshihisa ISHIDA

Department of Nuclear Energy System
Tokai Research Establishment
Japan Atomic Energy Research Institute
Tokai-mura, Naka-gun, Ibaraki-ken

(Received January 30, 2003)

Although the control rod drive mechanism of an existing large scale light water reactor is generally
installed outside the reactor vessel, an in-vessel type control rod drive mechanism (INV-CRDM) is
installed inside the reactor vessel. The INV-CRDM contributes to compactness and simplicity of the
reactor system, and it can eliminate the possibility of a rod ejection accident. Therefore, INV-CRDM is
an important technology adopted in an innovative small reactor. Japan Atomic Energy Research
Institute (JAERI) has developed this type of CRDM driven by an electric motor, which can work under
high temperature and high pressure water for the advanced marine reactor. On the basis of this research
result, a driving motor coil and a bearing were developed to be used under the high temperature steam,
severe condition for an innovative small reactor.

About the driving motor, we manufactured the driving motor available for high temperature steam
and carried out performance test under room temperature atmosphere to confirm the electric
characteristic and coolability of the driving coil. With these test results and the past test results under
high temperature water, we analyzed and evaluated the electric performance and coolability of the
driving coil under high temperature steam. Concerhing bearing, we manufactured the test pieces using
some candidate material for material characteristic test and carried out the rolling wear test under high
temperature steam to select the material.

Consequently, we confirmed that performance of the driving coil for the advanced type driving motor,
is enough to be used under high temperature steam. And, We evaluated the performance of the bearing
and selected the material of the bearing, which can be used under high temperature steam.

From these results, we have obtained the prospect that the INV-CRDM can be used for an innovative
small reactor under steam atmosphere could be developed.

Keywords: Innovative Small Reactor, In-vessel Type Control Rod Drive Mechanism, Driving Motor,

Bearing

This study was conducted under contract research ” Development of elemental technology for a

innovative small reactor” with Ministry of Education, Culture, Sports, Science and Technology.
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5. 2 MEBENLYRR

DRBRAAE

RBE— 5 —IEIERETRETELRA MY 2L, P 8 EECKEAMALE
FUCRIEL 2 BBAPRBE— 5 — & DEAMEEHET 5D ORRTH D,
BB E— 5 —ERREBREEML THE. RRKE—F—0O—F—#liz7 1
YEEMT. VA VYREFHICTIIRD., RRE—5 —ERMKBE. B BRI RS
TERKRBOEEZDTAVENZHBIL., MILIICRELE, b, LToORRITW
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#2.5-2 BMOBHE NV RRER KX
(REEWA :H14. 9. 11 EE:28. 5C @¥&E: 3. 5Scm)

E KRBT A—%¥ J4Y—5%N B3 L2 (kg-cm)
No. RIFEHR W) (k g) (71¥-38 h X W 2%)
2-1-1 7.6 26. 6
2—-1—-2 0 7.2 25.2
¥ 7.4 25.9
2—-2-1 21.4 74.9
2-2-2 3.0 22.0 77.0
¥ o1 21.7 75.9
2-3-1 34. 4 120. 4
2—-3-2 5.0 32.2 112.17
¥ B 33.3 116.6
2-4-1 42. 4 148. 4
2—4—2 7.0 44. 8 156. 8
3 43.6 152. 6
2-5-1 55.0 192.5
2—-5—2 9.0 52.6 184. 1
o1 53.8 188.3
2-6-—1 64.0 224.0
2—-6-—2 11.0 68. 2 238.7
E B 66. 1 231. 4
2—-7-1 75.2 263. 2
2—-7-2 13.0 73.2 256. 2
¥ o3 74.2 259.7
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5. 3 BHBE#AMILIER

DHBRNE
HREET—y—MEERETAMNSEMLUZROBRHFT S MLy (BEOIZ5IERDY)
NTRNEENTERARBBANLY) 2FRL. FAk 8 FEICHAEL ZRIBKPR
BME—Y—LORAMEEZLBETLI-OOERTH 5.

BEREE— Y — 2 DFRTRBNASIA—F I THEI . FLORETNNVY—T
L—F0&ER (EH) 2HhaiC BT, AT BB ITHEEQ MV ZEBIL
7z

DHRBRER

CBERAEE— Y —ICRNS Lo ——8 (HWHhET—-Y) CANHEIZy MIOE
T (VARIVRT—1)) MeERL .

cBRRBELIy RO YT L —FEBREREEREL .

- BRABRI-y FOREET— Y —BREEREREZN L.
RBE—I-OBEEKEET—F —HEBICERL .
cE—y—FHERECED., #EAAE—Y-EHEOEGEKREE—F-—ERTHEI Y
7z

R —TL—FERERLC LS. #EEE—IAEILE (RFA) $H5EEOMVY
ZFHRIL .

NRBRINTA—F
- R E—y—EEK 50, 100, 200 rpm
- R EE—Y—EBif : 4, 5, 6. 7A (50rpm)

4, 5, 6. 7. 8A (100rpm)

6. 7. 8. 9A (200rpm)
RREFAETRE—V—BRMEZL2TOE—F—EEGKT 4~13A ETHFETHO
f=ht, EiEE 200rpn TRE—F—EHERN ABLBETH oD 6ANSEHRL . £
FAMI=Zy FONRIF—T L —FHEHN 120kgf-cn THBH7=DH. BRA BRI
120kgf-cn ETHLERE—F —BR TEAIL 7.

HRBRKER
% 9.5-3 (1/3~3/3) KEWBRA NI HERE—EXRERT. £/, K2.5-5 (1/13
~13/13) ICHMBRARNVIBET—F Z2RT,

3

RBERIVE—Y—ERICIEIRALZHHERA NV ORESFR SN,

Ny —T U —FEROBBTAN N7 A% 120kgi-cn £ TOD. EEERT ST
ENMBEL WAL, TR 8 EEMELLHEBAKTBHE -5 —OERTOHRER ML 7R
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EMREFHZRIIEVEGEOSNZHOBA NN I HEHREDOHRBEEX 2.5-6 IZRT.

BIZ/REINZED, E—F—BREFUBRHFA NI ZANOE—7—BIZIFHHAL.
TS —BEN—ETHNIT, FAEENKENVZEHH MV IBNEILBEEEERL
T3, INEEERAREZVELEERBMEN 2B E—F—BRMNAELI S
EVWSE—F—BREMBEROFHRHICLDZDBDTH S,

Fle. FEBHER RIPHR) THEONEZEFNBIAE L2 OB BER 8 EERBS
R OKPER) KDOBBNERERD, BOBFA N HESREERK StRAKET—
Y —-DEANBEFEOEVWERLEbDBDEEZISNS,

BB, APV BRBOHBMSRETERM>-BEFEAER 13A HETOHWEB
AR EFGFRUT—IDSAET S EH 200kgi-cn Z2BZ B MILINBELSNE T LN
BB, (COBRKMVZIZHREZEOBRK NI  120kgi-cm O 2 f5I2EL . A RY
J1INDOERERSIEE X ERAATO TS RBERETHE Z ENERTE:.)

#2.5-3 (1/3) BHAYBEEA ML 7 HABRFER—%Z (50rpm)
(RBREMH:H14. 9. 11 #BE:29. 00)

E HEBRINT A—F [ | 24
No. [El#E: % (rpm) E—5ER (A (kg-cm)
3—11—-1 48. 45
3—11—-2 50 4.0 48. 45
X 8 48. 45
3—14-1 68. 85
3—14-—-2 50 5.0 68. 85
¥ B 68. 85
3—12-1 86. 70
3—12-2 50 6.0 89.25
¥ B 87.98
3—15-1 104. 55
3—15—-2 50 7.0 107.10
Yoy 105. 83

ﬁﬁNm&m(WmW&M)u‘b»ﬁﬁ%éﬁiétb?w&%b
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% 2.5-3 (2/3) ®ABHE NI RBRER—%Z (100rpm)
GRBREMHE :H14. 9. 11 EE:29. 00C)
ER - RBRNTA—F [N 274
No. Elix%% (rpm) E—YER (A) (kg-cm)
3—-1-1 32. 64
3—1-2 100 4.0 32.88
Yo 32.76
3—-4-1 53.55
3—4-—2 100 5.0 53.55
¥ B 53.55
3—2-1 69. 36
3—2-2 100 6.0 70.13
E B 69. 75
3—-5-1 91.80
3—-5—2 - 100 7.0 91.80
o5 91.80
3—-3-1 107. 10
3—-3-2 100 8.0 109. 65
¥ ' 108. 38
% 2.5-3 (3/3) BHHABIL I BRER—KE (200rpm)
(RBREHBH: :H14. 9. 11 EE:29. 00C)
iR B BRBR/INTA—F [N
No. ElE=E (rpm) E—~E (A) (kg-cm)
3—7-1 53.55
3—-7—-2 200 6.0 53.55
o8 53.55
3—-10-—-1 73.95
3—10-—-2 200 7.0 73.95
¥ 5 73.95
3—-9-—-1 94. 35
3—9—-2 200 8.0 96. 90
¥ g 95.63
3—8-—-1 112.20
3—8—-2 200 9.0 109. 65
¥ 110.93

X84 No. 3-6 (200rpm/4.04) EEETFT—FEL
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2. 5. 4 EEELHERAR
DEBRNE
ERAMRERCBAMRETRERFEAER (130) CTEZOEEK TES),. #1208
TEDILEWMRBITHIRRTH 5.
NI =TV —FICAR NV ITHY T 2HEBREZEML -RETHREE—F —
DR, #ikEfTok.

D RABREMR 7

AT ICRNS RO -y -8 (WO —) LAMBEBI=y MIOE
B (VLR T 1)) BEEEEL -,

-AWRBLZy FONRDY—T L —FBREKEEREL-.

- BAMABLI-y POREE—F —BREEREREN L.

R E- Y -—OBFRREEET Y —HERITERL 2.

NI =TV —FHAECAM M 7 ICHETHEREEMML /=,

B —HIERACEKD., #ERAKE—Y—E2RAEAER (130) ITREL. TEDE
G THE, SIEE{EEZRVEL .

DRBRNTA—¥
=Y 2/ : 30. 45 kgf-cm
- AT -y —@EEB 50, 100. 200 rpm

4) B R
RLAKEHFLFEER -EREZRT. £ K 2.5-7T (I/T~7/1) KEHEIE
RUEHET -5 2RY.

kS -4

ABEREDE-F —HERNSOREE., FEEFICRN., #EAKE—F —DHEIC
HE, BLT5IENHERTE .
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% 2.5-4 EHELFERRER KX

(FRBREMA :H14. 9. 11 BE:27. 5C)

R B RN A5 BB LR

No. [El =3 (rpm) £ 5 MV (kg-cm)
j — i — ; 100 30 g:
i — 2 — ; 200 30 i
LT 100 15 é
j — i — :12 200 45 ﬁ
e 0 0 x
o . s k
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