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Practical Use of Control Rod Calibration System with the Inverse Kinetics Method

Haruhiko YAMANAKA, Kazuhiko HAYASHI, Jun MOTOHASHI, Kazuhito KAWASHIMA,
Toshiyuki ICHIMURA, Kazuo TAMAI and Mitsuo TAKEUTI

Department of Research Reactor
Tokai Research Establishment
Japan Atomic Energy Research Institute

Tokai-mura,Naka-gun,Ibaraki-ken

(Received November 6 ,2001)

The control rod calibration results in the JRR-3 are used as a reactivity standard to
measure and manage the reactivity change in the core. The total travel of all six control
rods has been calibrated by an inverse kinetics method (IK method) during an annual
maintenance period. The IK method has the great merit in saving measuring time
compared with the conventional positive period method (PP method). The JRR-3 control rod
calibration system was renovated and put into practical use in order to improve reliability
and function by accumulating 10-year experience with the IK method in the JRR-3.

The report shows the function, the performance and results of verification of the JRR-3

control rod calibration system.

Keywords : JRR-3, Control Rod Calibration, Inverse Kinetics Method IKM)
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1. IXC®IZ

JRR-3 (Japan Research Reactor No.3) iX. &AW 20MWDORY Y 7 AREHER D
BEKRSHEA S BKBHBED S — VBRI CH D, T, BERDIEREER 2E 3 BIC
EeRk Lcth. R T A 2 A ORFFIFES (ERY A 20 i 26 B 2175 2Ltk
D, PHEFE—AER, REHTERA, R I REZCEELERASLTHS, (Y JRR-3 0EEH
TEE LIRS, MEEZE 1.1 KITRT, .

JRR-3 1%, FAFRBERREARRBEE LT, FR 11 EI AEREY 7 - TAI=
Y ANBEAEEAVERBESR T, TAIFA FREBLVS,) »b UV EEREDLE
BHEOZy - vVary - TAI=gh (UsSi,—Al) H8ESE&EAVREESR (CIT.
TUHA FBRELE WD) IWEFELE, B YU FEREHT, BRIKSEOELE/NEL L, F
DOBASHEEBAT O REED E LTI FI U ATVA YEARRICEDIATHEE L 22
2 TW5, JRR-3 X, #IHID 3 VA 7 VOERFFEGEEZRT, ¥k 12FE4 800K 3 » A
WY R 12 FEEH B ERELRIT 72,

YRE 12 FEEH H TREE A OB KBRS ERE, RUSES ERBRER CBRARRIGERN
BBV T, BI#EEEE (Control Rod Calibration) OFER%AWT, Bz EITBIT 5
FRENDOHIBREOTHER R MFEIMEEEDHREZIT-o TV D, iz, FIEHBRECHERIZ. B
HIERRALE O TH, BERRIC L ARIGENRK., BNRSESOREHROEEREERICEM L
T\, | ,

JRR-3 1281} 3 IK B L AHIEEREIL., &HlEEO2EEIERIC oW TG EME (i
EEf{E Control Rod Worth) ZEIET S0 THY .. BEROHIEER, BEROPHTEERM
ROMRBROGENEEEL A, ZNE TN 10 E0EREE LTS, ZhbDEBEEE
2T, BIERE 0N LR OEIEBREEEDOAELE B L L THEMEHEEE AV 2 HlElERE
AR CUTF. IK EHEEREEBR VN D,) 28ELE, BIEBEEORN EEMA7-010, &
DLy ba=J AFMOEBAR VR EFEOKBZITo7z, Tz, HIEHBKREEXEOCEHELE
MB7eois, TUFNVBREARICLDEEFR (P GIEEMAE) NESRERVDT T 7 A
VAT X ARSEEHEEHEEABMNL, SHICEFFERS LHER & OFRILF(ICE
VD BRERIERS I 2 B A f I B ik RAFERERE (Liquid Crystal Display, A FL CD &R
T.) W ORAEIT T, |

F7-, FRE 12 EEEHE TREBOFIEBRECHE R AVWT, HIEBKEEBOBER O
BEDHEREITo T,
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#/1.1% JRR—3ODOIXEHT

18 H i pLv

H 28 B AER, ABHTBHIRS, R I AR

i K RIRAE Y T R BOEM AN 7 — LA

R4 H B TR 2 3H 220 (WER)

BB 2 O MW

FLOFIK - RES |HEFF -BER:60cm, B :75cm

REIE R YA FREE (BEYER - 26 (K, 74T H: 6{K)
] A A (FHEFRINAS : NT =T A)
BRI THA T NAERE, 26 REE/ YA 7L

FEEZH A 689, 000MWH (Epk 114 8 AF)

YUY FBREHE | R 114694
EHE (BpEaBR - Rk 1 1E9OA~YRE1 1411 H)
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2. HIEBRIE

JRR-3 OHliEEIL, & (Sa—1, Sa—2) 24, HFEEE (S—1, S—2) 27K,
WAAEE (R—1, R—2) 2AK0OAFH 6 NGRS, JRR-3 DFLERELSE 2.1 KITRT,

JRR-3 IZ31T 2 HIEERIEIX, FTFBRARE»DFEMIER L 6 AOBIEED 5 b, 3tH
PBIZ B D 2 ROFIEEE RZEICREL T, sk ) PHFHR ORI LD L IH BRI (0)
(®) (Inverse Kinetics method, BATF I KiEEMET,) &AW CHIEEERENEREY » O RKIRE

UTFATy 7RIGE LKT,) REET S Z 8L 01TH, BEBEEL. 27y TRIGELH
HEEEEREERE CHEE L TRD D, I KEEZAWDSZ &I &Y BERE O M LR OHIEBRIED
EERMOEREXD Z R TED, | KIEOBERELME 1 ITRT,

JRR-3 BB ECRIREIL. 8 2.2 KITRT L0, HIEHE L HIEERE%E TR T 2
HIE R R O P TR SRR R FHI R EE & IR SRR ELERE & TR T 2 B E
FRARETH D, EREOMERZRDLBY TH B,

2. 1 HIEER

(1) HlEE

HlEEE. 21 ROBIEBROEECRROE 2.3 KO JRR-3 HlIEEEEIIT T & d i, P
FRIE L 7+ 1 DERBER TR SN D, PHEFRIEIL, #5RICK LT HR2METH
B, LdL. 73 0 UBRBIERIT R FIRILE - OBERER CRBIEER VIR E (N RY v oY
—/V) OEFEAT D To, BA M BREOK 26mm iZ DWW TREMR 2 BB L2 g L LTV 5,
Eio, BRI, 8 2.4 KOBEERERMBARICTR T X 510, P RIREIC & 0 RERA
BEROBERR S £+ 0B TS TRILE RIEHBEBEALE) 220674+ VIRBERO
RRBIAR SR 1) L & AR D5 1 D (RHERLRB SRR BT M D) 23— 20y S EIRALE ()
WESSIREME) EFTOBMALEET HRHTH 5.

il EIRALETAR ISR VTR, FHETFRIRE L 7 4 v VRIRBHER OBFENIC BT 2 T
R RONEGIEC LY . BHAERORSEMEICTERMNEL D Z L BEX LN D,

(2) HIFEERRENAR

HIEEERE M (Control Rod Drive Mechanism, A FCRDMEMT,) @ 43, FLT
EROF FEMNICRE L. SRR OO FER S EERI~E L B3 2 & ic X 0 SRS %
TOFRTHEL, £, FREEEICERE LR FFRHIERELR LD LR, TRRMELDORER
EERIZL Y. £ 800mm DERENHEEE A EHAICH 10cm/m i n (1.6mm/s) OBFEBIEEICT
MEICER T 28BEEEZ A LTV 5,

BRI O FEMRZF 2.2 RIZ, FIEHEHRBSERR OHIHZEOHRERZENENE 2.5
X ROV 2.6 RIZRT,

HI TR ERF O H R ERIEIX. BINESER 81 % Ak/K/ AT v 7 CERSFHETRI 2 0 %L
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NEBBICRT vy TIRORICERMETT D 72, #9 2 BE»OH 30 R OERBRELLEL T
Do

2. 2 HIEERIERS AR

SIS EE R EIE. THFHERBROHEER LV T 2N PR FES R OHIEEBME
BRE SR BFEEEHRIESEICAN L, RFIESIERESD O HIEIEEENE B 2 HIER~0
5L L HICRRERE. BRI LERERE IK R R ERE~T U2 BEFRNTHAT
BHEERE LT3, HIBHERESRREOBREE 2.7 IR T,

(1) PEETEHERE

BB IERR I AV B P PR R EIX. JRR-3 PHEFEHERKO > b, BEHIRA, B
HAZRBTHD, BELHARIE. FLRNOFETFRE BRI 7 S E O LETT R UL
BICEE L v REGEEERS LLT.CICLIET,) ORMTREZC LV BRIESITEBRL.
th I BB L PR RN ORI E 1 1 L U & IR CER — BEEHUERE T
5 LIEVRTFFOBBH NS UEEEES2 R TFHIERESICH T o8EZF LT
Wb, BEHNIROEEAFEE 2.3 RIC, REBRICOWVWTE 2.8 KICTRT,

BHZED LR REIEEE TOH 30m DM DESEEIL. PHTFREBENOERESHE =T
RTPBEIVTUXTOMNERTHD7D, M3 OmO=ZBREF —T7NVERNDZ LITX
DA SR E B DRAZI LT B RE AW L T\ D, TR L B FEHEREEDORIT,
1.25mm2DE = EBOESRTER L TWA ) My— IV Xy hEAnsZ LItk itk
MEEBSDRABIERNEEITo T 5,

HIEERERORT v FRISERNE R T L v Dk, BEARAHEER, b 0T
EERRASHAIBEFFEES (19 10kW~F 40kW) 12815 50kW Lo VRERTHZ L L
L7,

(2) RFFHERER

B FHIHEBRERIZ, ASTMAC (BRI EBKXSHOBEEETHD,) VAT LERAWTH
PEFEEERRE, FIEEREOBHRE CRTHEARTTS & & bIZ, HIEBEOCRS. FFFOHA
SO RERIRFIFEOEERRELITOBELZHE LTS,

JRR-3 123175 ASTMAC ¥ A5 AlE, v AH—AF— 3 1 H & Ethernet CkEE= v 7
AHOBFEE TH D)LV HBEFE Loy ba—F 2 5D TH 5. JRR-3 D ASTMAC
VAT AOREREE 2.9 RITTRT,

TRAE—AF— gk, OS (ANL—Y g VAT A) (2 WindowsNT CkE~<A27v Y
7 NEOBETEETH D, ). EAEFEIZ Visual Basic Application Edition CKE~A 7w Y
7 MNOBFEETH D) ERAVAIZLICLY. 01 BAHTERRTEZT ) 2 NMUBERTL
B 1 BEARTEHETRET) It AT — S RRAE, BRREAEE ORE. RR2TOER
RERVZNSOEEEZTET) BELEOSBELE L TND, YA —AT—Y g VOEE

_5.._
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HAREE 24 R, vAF—RT— 3 L OBIEERE 2.10 RISRT,

avbe—7i PHETFHERBELEBFOALNET I Z—IFAR—F, JL—FR—F,
TIaEEE T UINETEHm s LT OEEGE CEELEHOLEEITI AT 2 —1,
Ethernet BER VB MO #HHIEHEITH) CPUEY 2 — L THER IS, ARSEEHKIT. 7hn
TARINES 80 R, TYVEINATIEE 416 RROT VI AVHAERESATHD, av bu—50
FEMARREE 2.5 RITTRT,

BB EICLERERT. BEHEAAESL VU VERS, BEENBERLLVIES, S
a—1, Sa—2, S—1, S—2, R—1, R—2DFHHEMNBETREETH S, BEES
BEIE. 0~6.25VDCOTFTu/E5% 12bit (FREEDT VI MEBIZEBRL, ATV Q2
#) REOT—FHERUCTHRE 1 m s T Ethernet IZH A S5, BHEHIDO L PERIT. AR
4bit, B% 4bit DEEEFEREE %, 8bit DT PV HNMEBICEHE ., 3 20m s T Ethernet (2
HAhshsd, SHEBCEBETESIX. 20m s BIZEH TS 1bit DT v FEE & 16bit D31 F
URRONBHETEFOBEEERESZ 17hit OF VZNVESICERE, &HE 20ms T
Ethernet 2 &5, Z# b Ethernet EDF—# 2 E%T 5 BIEE S a—ME, 2> ha—
FizRE S, Ethernet 77— 7% LCTCP/1 P b= 72k v 10Mdps TIK &
HIHEREEBICEET AMEEZE LT 5,

(3) IK IEHIEEKERERE

BB L IK BB EER X, KT FHEREENICH B ASTMAC VAT ALY
Ethernet 7 —7 V% L CAN S NEBREHAET R OHIEEALERE 52 AV T, SlEERES
KMz oNAREER2 I KIEIZELVHET S LDTH B,

IK #IEBKEEEDOFHE LVWARIC OV TIE, E3E RS
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52,138 HEBEOZEAA

H B ft f
e - B RNy 7 RABIR T IR TR
THES © 7 4 v U BB
= 1% N Eilivdniae
EEB ;K 64mm X HEK 64mm X & S 790mm
AR T :ﬁ;?inmmm; 0 64mm X B S 880mm
(BREEEM & =4 T50mm)
# B |6%K
2.2 HIEHEEREMEE O B4R
H H it %
J5 X AE 2 A NEIR—NVR T Y 2 —ERE)
EFEMBE | A—RTFTAFPRATUVRE, TAI=TLAEE
BE B 3 B | FEIERIERF © &K 10cm/min
Br B) BE BE | 49 800mm
# B |6XK
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ERANEEEHEERL 1 1 Vo Ot
BRI IR AR AJfEE 107 'PA~1073A
HAERE: 0V~625VDC

5W,25W,125W,500W,2.5kW,12.5kW,50kW,250kW,1.25MW,

vy
T ovwoesMw

% B & |AR. BR F1EREK

HoAAR <wRERAT— g rOFEMER

TH 5 | it %
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C R T 214 vFHT—
EAEVRE 128MB

N— RF 4 R ITRE 4GB

HE A S 500MHZ

Windows NT
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1§ H ft | B
il = FA-M3 (YOKOGAWA #t)

RLEESEEE ¢ 0.07ns/f 4
CPUEYa2—/L RE 56k 27 v
BRASI AL : 4096 /5

R AFEE : £10VDC
7;; 4 7:53 ISHREE 1 5. 7Tm V
S 7
EEEHEAY : 1ms
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3. I KiEHIEEREER OHE

P BB L IK EHIEBREEE T, JEEEOm R OGIEEREELEOAEIERS

DIz, IROBEEZHE T L D IRE L=,

QI KEZAWTHSERBEIT) 2 LI E 0, ERAICERHOHIEBERERERTE 3,

QO FPHFFREDEEL BB LKEEREL#ITOLICL Y, BEEORENRTE 3,

OEERRBLT VI NVBEERLITIZLICLY. ARNVESLEAOBREEY /N L,
HIERROEEE, RTFHEORALEEZRDZ LN TE B,

@DNR=YFNarEa—F% RO TRRIIOFHIMER TR OBRIIOHERRE DR, 7T
ZITHZ LICE Y, BB ERDZ LN TE S,
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ME7o—i, IRIGEMEHSRK OEUXH,»0 (RIEEE(LRMR] 2RDHHTKXT
b,
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2. F—HFDME T o—

MEBERERLERRK]) 07— 242 BAL LETF—200B 70— 2 UTIZRT,

ALER B 4h

[HIHEK T . .
[F— 2 MBRF—F L] OER (EXCEL)
(HlIE R ER&E] DER (EXCEL)
BT —HZDFXA T 74 LHH
1RF—=EZT77ALDHA (EXCEL) j
*S. ORG
T4 T4 TRBOET [RODCALC. EXE] & X CREXCEL®D E4T
fE B 4 = (EXCEL)
E £ 4 B (EXCEL)
2TEDY 2o

FOMIEEH A (EXCELEU—XER )
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2.1 THIEBRET—4¥7—7V] OBHE
1HOHIEBEREEERTH%, CDEFIZFDEBEAEL LTCSVERD IH#
BRETFT—4T7—7N] #6HERERRT —FLBHO -V Frarsa—4F
BT 5,

2.2 [F—FRBHT—TNV| OER

#IEEKET —%7—7 V] 272, EXCELT [F—#40BRAT—7 /]
FERR L. [HIHERERF OERICHEZ 5.

2.3 [HIHERERE OER
[F— 2 BATF—T) #b &z, EXCEL LT MSIHERERS] #1EX

L. 1®RTF—F%7 74/ (xS.0RG) HAIZHZ 5,
TotE, F—FnBRTF—TN] HOoDANT 7 FZ—IE,

H AL E H (mm) ‘
BISE o (#85) o (%A k,/ k)

RIGEop (V) o (% Ak, k)
TH D,
ﬁ#éfﬂM$&Eﬁﬁjm¢@@&ﬁﬁm\

HEBELEOELE AH © (mm)

HlEEDOEHLAE Hit+1/2AH (mm)
RSEERLE A p (%A k. k)
RICEREE o (% Ak,/k)

R E L Ap/AH (%Ak,/k/mm)

ThbH,
2.4 1 KRTF—Z77AVOHESH

2307 —7 v — FOBT, REBHLELEXTF—5 . RISERELYF—F & LT
TEAMZ7ANMBALLbO %, RICEMESGR (BH@K) O1KRT—F77
ANET B, »

FNEFND, T7ANEHRERIZFET,
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£2—1 1XTFT—FET7AIl

EAtHBO1RT—4

Sa-1S. ORG

Sa—-2S. ORG

S-1S. ORG

S5-2S. ORG

R-1S. ORG

R-2S. ORG

2.5 TaA4vT 4V TABDOET
FHBEBICB O TIE, N IRECLY, WREHEIZEVES MR OEURGRE
RO, ERERCEROEHAICH X 5,
2.5.1 AATF—%

#&2—2 [RODCALC.EXE] ~DAAT—4

il i 4
Sa-1 ~ R-2
S

oMo 1 kT—4% (EH) *S. ORG

2.5.2 WAHF—~%

#2—3 [RODCALC.EXE] o AT—4

fil
Sa-1 ~ R-2
i G

BrumBREHRT—% *SK. DAT

2.5.3 REEORE
[RODCALC. EXE] THE SN 7-{E%{E (*SK.DAT) BLUEXCEL TRO-IBRHE
ZEXCELIHAAR, T—Avy—IsHELAV, HERROZHODOBAELITV.,
BRREROBREKELRD 3,
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P
2.5.3 THOLNEGHEL L LI, flEEED THEBORICEMEHR RO
MelED S EE{LRd#R 2 ERHHNTSH, (EXCEL)

ERLE :
2.5.3 THOLNHEEELXZ LI, EXCELET IH#EBRINER] RV T
BERKICER] 2K, HHT 5,

% DR R IERK

EHHBEOT —F BHRIo7 L AT, ROEREZHNT 5,
T B I IE A 2R



JAERI-Tech 2001-084

3. M- -%
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33 THUBBRUSEZE R )
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FHBREICE S CREEIORXBIMEORYT—42

[ R:SX=ag+ aXx + ax® + agx® + «--

LY, TRORBBEEGTYET,

d % d sk % ok % %k S a-1 ko ok ok ¥k
Peak - 4.818
ap 0. 000000000000000E+00
a 1.438913133484780E-03
a, 6.163164698591570E-07
aj 1. 919143528539280E-07
ay -9.861407246347650E-10
as ‘4,095783608104590E-12
ag -1. 406259176218050E~14
aj 3.066991489338800E-17
ag -3. 836377408667990E-20
ay © 2.519987131647210E-23
aqg -6. 748273635858210E~27
% d ok ok % ko ok S-1 ok ok ok ok ok %
Peak 4.140
a 0. 000000000000000E+00
a 1.916497348831920E~03
a, 3. 249069777666590E-06
aj 1. 231808965940220E-07
ay 2. 464851378558560E-10
as -4.377606784011780E~12
ag 1.468100374070730E-14
ay -2.384936571971870E-17
ag 2.081561398957190E-20
ay -9. 225740119473310E-24
ajg 1.582945895416170E-27
B ok d ok ok ok ok R-T 0 ok e ok ok ok ok %k
Peak 3.949
ag 0. 000000000000000E+00
al. 1.780147848675210E-03
a, 1. 445650286768800E-05
aj ~3. 281817129163760E-08
a, 1. 389130033224720E-09
as . -9. 402356497545390E-12
ag 2. 826299070268160E-14
ay ~4.-656825678348570E-17
ag 4, 374432224622170E~20
ag ~2.201568949281090E-23
aqg 4, 609734121934250E-27

% % ok % ok ok K %

Peak
ag
a,
a;
as
ay
as
ag
ay
ag
ag

ajo

% ok % ok k &k %k

Peak
ap
ay
aj
as
ajg
ag
ag
ajy
ag
ay

ai

A g % ok ok R ok %

Peak
ag
aj
aj
ag
2y
as
ag
ajy
ag
ay

ajg

172

Sa-2 kok ok ok k%

5.017
0. 000000000000000E+00

1. 912554369592040E-03
-1. 206649358209690E-05
3. 324200008592020E-07
-1. 808406424608220E-09
7.088893708151470E-12
-2. 110774425525490E-14
4.135452414767420E-17
~4. 841083582254540E-20
3.051399178372640E-23
-7.954304063357120E-27

S~2  d ok ok ok ok ok ok

4.237
0. 000060000000000E-+00
2. 067457144424360E-03

-3. 201666629593090E-07
1. 552453738895570E-07
1. 188708298460740E-10

~4.037470011097890E~12
1. 393943655978150E-14

2. 259888370049780E-17
1. 943504793163380E-20

-8. 378755153894710E~24
1. 366420717709510E-27

R-2 A g %k ok g %k K

3.942

0. 006000000000000E+00
2.327100131176970E-03
~1. 430825250281490E-06
1. 729539178541020E-07
4. 450945861878000E-11
-4, 287739434338800E-12
1. 612273174396530E-14
-2.829528780426260E-17
2. 6798495037894 30E-20
-1.319203493217230E-23
2.638038111685540E-27

UEOBEZBHBIORE (1) &Y, ROZYAMBOXEIROLSICHEYFET,

y=8' x) &Y
y=a, + 2a,X + 3a;x> + creeen + 10a,0x°

ERYET,
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272

HHBREICE I BRARGEELERVIRIMIBBEORET—4
(2) XEFEET &

[ K:B(X)=bo+ b1X+ b2X2+ b3X3+

ERY., TRORMBEEGYET,

% % ok % %k % ok ¥k

% % ok %k % K ok %k

 dc de % ok %k %k %

Sa-1 % % % % % %

10.92E-03 %A k. k./mm

1. 438913133484 780E-03
1.232632939718310E-06
5. 757430585617840E-07
-3. 944562898539060E-09
2. 047891804052290E~-11
-8. 437555057308300E-14
2. 146894042537160E-16
-3. 069101926934390E-19
2.267988418482490E-22
~6. 748273635858210E-26

ST s sk vk ok ok

10. 78E-03 %A k. k. /mm

1. 916497348831920E-03
6. 498139555333180E-06
3. 695426897820650E-07
9. 859405514234250E-10
-2. 188803392005890E-11
8. 808602244424380E-14
-1. 669455600380310E-16
1. 665249119165760E-19
-8. 303166107525980E-23
1. 582945895416170E-26

R-=1 s % % % % % %

10. 62E-03 %A k. k. mm

1. 780147848675210E-03

. 2.891300573537590E-05

-9. 845451387491270E-08
5. 556520132898870E-09
-4.701178248772700E-11
1. 695779442160900E-13
~3. 259777974844000E-16
3.499545779697730E-19
~1. 981412054352980E-22
4. 609734121934250E-26

¥ % ok %k & &k %k Xk

% % o & Rk %k %k

L I B I R4

(3)

Sa-2 kok ok ok %%

11.26E-03 %A k. k /mm

1. 912554369592040E-03
~2. 413298716419380E-05
9. 972600025776050E-07
~7. 233625698432890E-09
3. 544446854075730E-11
-1. 266464655315290E-13
2.894816690337190E-16
-3. 872866865803640E-19
2.746259260535370E-22
~7.954304063357120E-26

S=-2 ok ok ok ok ok k%

11.04E-03 %A k. k. mm

2.067457144424360E-03
-6.403333259186180E-07
4.657361216686700E-07
4.754833193842960E-10
-2.018735005548940E~11
8. 363661935868910E-14
~1.581921859034850E-16
1.554803834530700E-19
-7.540879638505240E-23
1.366420717709510E-26

R—2 % % % % % % %

10.65E-03 %A k. k./ mm

2.327100131176970E-03
-2. 861650500562970E-06
5. 188617535623050E-07
1.780378344751200E-10
-2.143869717169400E-11
9. 673639046379160E-14
-1.980670146298380E-16
2.143879603031550E-19
-1.187283143895510E~-22
2.638038111685540E-26



JAERI-Tech 2001-084

3.2 THI{EIAE B e B Al i ey



This is a blank page.




FIEERIGE (%Ak, k)

JAERI-Tech 2001-084

Hl 42 0D B A b R

#HlfHE : Sa—1
HIER : FRK1246H26H

100 200 - 300 400 500 600 700 800
HIEEME (mm)



JAERI-Tech 2001-084

il R D I B iR

HfEkE  Sa—2
BIER . FrL124E6H26H

0 100 200 300 400 500 600 700 800
HEEAE (mm)



HIEERISE (% Ak, k)

JAERI-Tech 2001-084

Il 4R 0D S BE A peh R

HEE . S—1
BIEHR : ERkl2eE6H27H

200

300 400 500
HEEAE (mm).

600

700

800



JAERI-Tech 2001-084

I EEE 0D 2 r B (I

HlEE . S—2
BIER : FEk1246A27H
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600
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Al i A2 D B A B R
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R O B BE 2L SR

#HE4E . Sa—1
BIER : FEk1246H26H

100 200 300 400 500 600 700 800
HlEEALE (mm)
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IGSEE
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il iR O RO EEZE (L SR i %

filfHEE : Sa—2
BIER : YERL124E6A26H

18

16

14

-
Do

MAX 11.

—_
()

100

200

300 400 500
HEEALE (mm)
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600

700
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il 1 O SO EE R LR i

milEE . S—1
BIER : Wrkl2€6H27H

100 -

200

300 400 500
HIEEALE (mm)

600

700
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il {1 ¥ 0D B i EE S b SR i
HlfE . S—2
BIFER : ErK1246H27H
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16
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100

200 300 400 500 600
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700
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e OD B B2 (S

HliEE - R—1
BIER : ¥pkl2fF6R28H

100

200

300 400 500
HIEEEALE (mm)

600

700
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il 1R D B i FE 22 A R il

HlfEE . R—2
BIER : FrRL124E6H28H

MAX 10.65 X107

0 100 200 300 400 500 600 700 800
Hl#EEALE (mm)
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S FRLEBE
[RICEMEdR (Hodmi) 0Be)

O HEERERSE) LovBELE1KkT—% (EHST—4F) 2AhEL, &I
B L 2L EE 727 4 [RODCALC.EXE] T1 O®kE A HA L,

@ IDT7A4vTAavITA—TIE, (0,0%@BZ LMD, BEEIZBNT

an=0 &Bui,

® Wi, x=8 00 KT IRLEHEENEANEOCEEMBIZNEKETELIEXCE
LoF—Ny— LR ER LEKa 2R LE,

@ JI77BIUHEEA2HERL, x=750f%&TODISI7DEREBOR VT & 2R
L. KT LT3, ' ‘

- HEFATY XA

I KEBECLABEFT— 400, SIHECES 0 OmiTZIIEVWTKRED X > RN EF
—& %‘ﬁﬁ?ﬁ’é—éo . i

Y
(800,p)
N-4 N-3  N-2
N-5 N-1
N'6./'/ B N . .\'\ N
I ' E

(800-a) O

ERT, RO@00,c)zF.LE L, AB(B00,p)ZEALTIAHINEEX D,
COMMARGEMEERAFT —F DA, BEXEALXOXEBECERIILEREY
800 —a
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L2 B,

OHBBE4ES LIt EOXEZIHIET MM EONES %
N-6, N-5, N-4 &4 3,

o, INEX=800NHLAHDOMUBIZHINELAEZTNFN
N-2, N-1, N &35,

IoEE, Hilo BRI,

(x-800)+(y-c)?=r | (1)
(DIXEFR Aa,b). B(800,p) %5 DT,
(a-800)*+(b-c)2=r2 (2)
(p-c)>=r2 (3)

(2)-3) &Y

'C: (a-800Y2+(b2-p2)

B E(DIZRAT B &

(x-800)2+(y-c)2=(p-c)? ' (5)
LB, InkY
y=v (p-cP-(x-8002+¢ (7272 L. a=x<1600-a) ®)

E2n, d=(800-a)/4 Lrzse. ERARICRAMESICET S x EBEZRD
Lok s, :

XN-7—Q 3
xn-6=a+d

xN-s=a+2d

xn-4=a+3d N (7)
xN-3=8-00
xN-2=800+d
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xN-=800+2d J
xN =800+3d

(NO—B%E (O)IRAL, Bx0y EEEEZKRD D EHBTED,
INOWMEARRDONEDL, BOAZRECRIZETIRD, 1 OROFEHKERES.
IorE, N-O)FHLUROEMR I UNIMEAICIE, BEREEZRELTALE— 7 {HIC
INRY 5 &> BBETH,

[RIGERRER (ModR) DBE]
WOoBROELURIT., 1 0RKXLDOTROLIIZRT ZENTE S,
y=Ax)=a + ax + ax?+ <« o o + gxl0 (8)
BOEBRIL. GBI LIbDOTHE MG,
y=f'x)=a + 2ax + 3ap2 + + ¢ o« + 10aix® @
ERTIENTED, REELZzEEHRZD L.

yzf’(X)=b0+b1x+b2x2+ e o o o +b9x9

LBITD,

EXRIZ, EXCELTITVY, BIIHOFAELZVLEL LdoT,
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AT hlE, 1IRF—F 77414 (xS.0RG) # AN L. 1 0KELXDES %
¥ —4& (#SK.DAT) #HAHT 3, LLTFICHNEZRT,

[RODCALC. EXE] for Rod Calibration of JRR-3M by Katsutoshi Hotta

VERSION 5. 00

Object = “{F9043C88-F6F2-101A-A3C9-08002B2F49FB} #1. 2#0"; "COMDLG32 ocx”
Begin VB.Form frmMain

Caption =  “RodCalc”

ClientHeight = 6795

ClientLeft = 1860

ClientTop = 1920

ClientWidth = 0480

LinkTopic =  “Forml”

ScaleHeight = 6795

ScaleWidth = 9480

Begin VB. CommandButton cdend
Caption = "k T
Height = 495
Left = 540
TabIndex = 10
Top = 4560
Width = 1755

End

Begin MSComDlg. CommonDialog dlgFileOpen
Left = 180
Top = 5580
_ExtentX = - 847
_ExtentY = 847
_Version = 393216
Filter = “%S.0RG”

End

Begin VB. TextBox txtKelsu
Height 2295
Left = 4380
Multiline = -1 ’True
TabIndex = 8
Top = 300
Width = 2475

End

Begin VB.PictureBox picGraph
Height = 6255
Left = 4320
ScaleHeight = 6195
ScaleWidth - = 4815
TabIndex = 7
Top = 240
Width = 4875

End

Begin VB. CheckBox chkBDot _
Caption = "ERAARTR
Height = 495
Left = 2640
TabIndex = 6
Top = 3120
Width = 1215

End

Begin VB. CheckBox chkSDot .
Caption "ERRRR
Height = 495
Left = 2640
TabIndex = 5
Top = 2400
Width = 1215

End

Begin VB. CommandButton cmdBline "
Caption RIS EE (bR
Height = 495
Left = 540
TabIndex = 4
Top = 3120
Width = 1755

End

Begin VB. CommandButton cmdSLine .
Caption ” B2 bt FE i dh AR
Height = 495
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Left = 540
TabIndex = 3
Top = 2400
Width = 1755
End
Begin VB. CommandButton cmd9JI
Caption = "9 /)*{—H:fti)'(?i
Height = 495
Left = 540
TabIndex = 2
Top = 1680
Width = 1755
End
Begin VB. CommandButton cmd10JI
Caption = 10X EEETR
Height = 495
Left = 540
TabIndex = 1
Top = 960
Width = 1755
End
Begin VB. CommandButton cmdFileRead
Caption = "7 A NERBAR
Height = 495
Left = 540
TabIndex = 0
Top = 240
Width = 1755
End
Begin VB. Label 1blinfo
Caption = “Labell”
Height = 256
Left = 540
TabIndex = 9
Top = 6180
Width = 3435
End
End
Attribute VB_Name = “frmMain”
Attribute VB_GlobalNameSpace = False
Attribute VB_Creatable = False
Attribute VB_PredeclaredId = True
Attribute VB_Exposed = False
’*“ﬁﬁ
Option Explicit )
Dim X() As Single, Y() As Single

A() As Double
Sk{) As Double
Bk() As Double

M As Integer
sngOrgX () As Sing
sngOrgY () As Sing
OrgBX () As Single
OrgBY () As Single
intNum As Integer
sngPeak As Single
Peak As Single

Dim
Dim
Dim
Dim
Dim
Dim
Dim
Dim
Dim
Dim
Dim
Dim

"FYCFNT - F RS

Private Sub DataRead(strFname As String,

Single)
Dim i As Integer
intNum =

ReDim sngOrgX (intNum)
ReDim sngOrgY (intNum)

le
le

strFname As String

W—F

intOrgFileNum(strFname)

Open strFname For Input As #1

For i = 0 To intNum -

Input #1,

sngOrgX(l)

sngOrg¥ (i)

intNum As Integer,

sngl0rgX () As Single, sngOrgY() As
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Next 1
Close #1
End Sub
E—sEHAN-F
Private Function sngPeakValue(strFname As String, intNum As Integer) As Single
Dim strSkip As String
Dim sngDummy As Single
Dim f As Integer
Dim i As Integer
f = FreeFile
On Error GoTo ErrTrap
Open strFname For Input As #f
For i = 1 To intNum
" If i <> intNum Then

Line Input #f, strSkip
Else

Input #f, sngDummy, sngPeak
End If
Next i

sngPeakValue = sngPeak
Close #f
ErrTrap:

If Err <> 0 Then
MsgBox (“Error No. " & Err & " x5 —F4& ' ! ")
End If

End Function
THYR g NF EN—F

Priv?te Sub Jordan(M As Integer, A() As Double, Sk() As Double, Bk() As Double, FitPeak As Si
ngle

Dim i As Integer
Dim j As Integer
Dim k As Integer
Dim EPS As Single
Dim PIV As Double
Dim DEL As Double

ReDim Sk{M) As Double
ReDim Bk(M - 1) As Double

EPS = 0. 00001
On Error GoTo ErrTrap
For i =0 To M
PIV = A(i, 1)
If Abs(PIV) < EPS Then 3 ) .
MsgBox ("YV'FR v N#% “ & EPS & EEAZZY L)
End
End If
For j=0To M+ 1
A, §) = A, j) / PIV
Next j
For k = 0 To M

DEL = A(k, i)
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For j =0 To M+ 1
If k <> i Then
Ak, j) = Ak, j) - DEL * A(i, i)
End If
Next j
Next k
Next 1
For i =0 To M
Sk(i) = A({,
Next 1
For i =1 To M
Bk(i - 1) = Sk{(i) #* i
Next 1
ErrTrap:
If Err <> 0 Then
MsgBox ("Error No. ” & Err & ~ T S —3tk 1 17
End If

End Sub
AV AT FANDT — SRR E Y
Private Function intOrgFileNum(strFname As String) As Integer

Dim strSkip As String
Dim intCnt As Integer

On Error GoTo ErrTrap
Open strFname For Input As #1
Do Until EOF (1)
Line Input #1, strSkip
intCnt = intCnt + 1
Loop
Close #1
intOrgFileNum = intCnt
ErrTrap:
If Err <> 0 Then
MsgBox (“Error No. " & Err & "~ =5 —%4 ! 1)
End If :

End Function

"Mk RAGAEOH A

Private Sub cmdl0JI_Click()
Dim strTxt As String
Dim strTl As String
Dim strT2 As String
Dim i As Integer
Dim DataName As String
DataName = Left$§(strFname, Len(strFname) - 5) & “SK.DAT”
On Error GoTo ErrTrap
picGraph. Visible = False
txtKeisu. Visible = True
txtKeisu. Text =
"MK AR E S
Open DataName For Output As #1

For i = 0 To M
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strTl = Format (i, “a00 )

If Sk(i) >= 0 Then
£l strT2 = Format (Sk(i), “ 0.000000000000000E+00")
se

strT2 = Format(Sk(i), “0.000000000000000E+00")
End If

Print #1, strT2
strTxt = strTxt + strTl + strT2 + Chr(13) + Chr(lO)
txtKeisu. Text = strTxt

Next 1
Close #1
ErrTrap:

If Err <> 0 Then
MsgBox (“Error No. " & Err & " x5 —%4& ' 1 ")
End If

End Sub
M— 1 RAFEHORT
Private Sub emd9JI_Click()

Dim strTxt As String
Dim strTl As String
Dim strT2 As String
Dim i As Integer

On Error GoTo ErrTrap

cemd10JI. Value = False
picGraph. Visible = False
txtKeisu. Visible = True
txtKeisu. Text = ””

For 1 =0To M -1
strTl = Format (i, "b00 )

If Bk(i) >= 0 Then

strT2 = Format (Bk(i), “ 0.000000000000000E+00")
Else

strT2 = Format (Bk (i), “0.000000000000000E+00")
End If

strTxt = strTxt + strTl + strT2 + Chr(13) + Chr(10)
txtKeisu. Text = strTxt

Next 1
ErrTrap:
If Err <> 0 Then .
MsgBox (“Error No. " & Err & " x5 —F4E ! 17)
End If
End Sub

'S E T REBIER - A~
Private Sub cmdBLine_Click()
txtKeisu. Visible = False
Dim i As Integer
Dim Data(0 To 800, 0 To 1) As Double
picGraph. Visible = True
picGraph. Cls
picGraph. Scale (-20, 0,0205)-(820, -0.0005)
picGraph. Line (0, 0.02)-(800, 0), , B

Dekkkkkckkkkk B4 — 7 MG
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For i = 50 To 750

Data(i, 0)
Data(i, 1)

BVal (Bk(), i)

If i = 50 Then
picGraph. PSet {(Data(i, 0), Data(i, 1))
Else

picGraph. Line -(Data(i, 0), Data(i, 1))
End If

Next i
Tekkokkkkkkk %B. ORG F—4& - oy k

If chkBDot. Value Then
For i = 1 To intNum - 2
picGraph. Circle (OrgBX(i), OrgBY(i)), 8
Next i
End If

Dakkkkkkkkkk B K MR E R L REFR
Dim BMaxRate As Single
BMaxRate = BMax (intNum, OrgBY(), Bk())

220

picGraph. CurrentX = 2
BMaxRate + 0.0018

picGraph. CurrentY
picGraph. Print “MAX”

picGraph. CurrentX = 300

picGraph. CurrentY = BMaxRate + 0.0018
picGraph. Print Format (BMaxRate, “#0.00E+00")

End Sub

Private Sub cmdEnd_Click ()
End
End Sub
T A NEHRBRIABNE - A X b
Private Sub cmdFileRead_Click()
Dim FName As String
Dim FitPeak As Single
Dim FitRate As Single
On Error GoTo ErrTrap

cmdl0JI. Visible = False

cmd9JI. Visible = False
cmdSLine. Visible = False
cmdBLine. Visible = False
chkSDot. Visible = False
chkBDot. Visible = False

txtKeisu. Visible = False
picGraph. Visible = False
lblInfo.Visible = False

Tokkkkkkkkkk 7 7 A VAR IR T AT A Y

1blInfo.Visible = True

1blInfo. Caption = cmdFileRead. Caption
dlgFileOpen. FilterIndex =1 .
dlgFileOpen. Filter = “*s.org!#*s.orglallj*. *”
dlgFileOpen. InitDir = “c:¥RodCalc”
dlgFileOpen. ShowOpen

strFname = dlgFileOpen. FileName

If Len(strFname) > 0 Then

Call DataRead(strFname, intNum, sngOrgX(), sngOrgY¥())
Else

Exit Sub
End If

ErrTrap:
If Err <> 0 Then




MsgBox (“Error No.

End If
FName =

FitRate =1

JAERI-Tech 2001-084

“& Err &7 DT T —3KE!

Mid$ (strFname, Len(dlgFlleOpen InitDir) + 2)
1blInfo.Caption

FName & "R_d

Call Fitting(FitRate, FitPeak)

E—ELET AT AT E—VED

While Abs(FitPeak - Peak) > 0.005

FitRate =

Call Fitting(FitRate, FitPeak)

Wend

Call OrgBXCalc(intNum, sngOrgX(),

txtKeisu. Visible = True

txtKeisu. Text

emdl0JI. Visible

cmd9JI. Visible =
cmdSLine. Visible
cmdBLine. Visible

chkSDot. Visible
chkBDot. Visible

End Sub

DESHE
FitRate — 0.0001
sngOrgY (), OrgBX(),
= "Peak=" + Format (sngPeak, ”#. ###")
= True
True

True
True

non

True
True

imnn

T AT AT AR

Private Sub Fitting(FitRate As Single

Dim N As Integer

N =
’ N =

M =10

i As
c As
d As
f As

Dim
Dim
Dim
Dim
ReDim A (M,
f = FreeFile

intNum + 6 - 1
intNum - 1

T B BRIREA S
Integer,
Double
Single

Integer
ReDim X(N) As Single,

j As Integer, k As Integer

Y(N) As Single

M + 1) As Double

Cskkkkrkiokkk | — 2 [EERE

Peak =

sngPeakValue (strFname,

intNum)

Open strFname For Input As #f

For

Next i

Close #f

i= 0 To N - 7
’ For i = 0 To N
Input #f, X(1)

Y (i)

! ks V‘J&Hﬁ F— & E Rk

For i =N -7 To N
c = (Peak ~ 2 - (X(N-7) -800) "2 -Y(N-T)
= (800 -X(N-T7)) / 4
X(l) =X(IN-7)+ (- N-T7)) %d
If 1 > N - 3 Then
Y(i) = ¢ + Sgr((Peak * (FitRate + 0.0055) - c)
Else :
Y(i) = ¢ + Sqr((Peak * FitRate - c)
End If
Next i

'

FitPeak As Single)

OrgBY())

T 2) /(2% (Peak - Y(N - 7))

2 - (X(i) - 800) " 2)

T2 - (X)) - 800) T 2)
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T skkiolrskkk IE 81 5B R VERK

For i =0 To M
For j = 0 To M
For k = 0 To N )
AGG, 1) = A, 1) + XKk i+ 3
Next k
Next j
Next i

For j =0 To M
For k = 0 To N .
AGG, M+ 1) = A0, M+ 1) + Y& * XK ~ j
Next k

Next j
Dkmmkkkkpkkk TR S a U F L —F o~
Call Jordan(M, A, Sk, Bk, FitPeak)
FitPeak = SVal(Sk(), 800)

End Sub

TROGEMESRER - A X2 b

Private Sub cmdSLine_Click ()
Call txtCls
Dim 1 As Integef
Dim Peak As Single
Dim FitPeak As Single
Dim Data(0 To 800, 0 To 1) As Double
Tkkkikkkkkkk B F R v I RBRE
picGraph. Visible = True
picGraph.Cls
picGraph. Scale (-20, 5.6)-(820, -0.1)
picGraph. Line (0, 5.5)-(800, 0), , B
Dokkookkokxk MREFES A - oy

For i = 0 To 800

Data(i, 0) = i
Data(i, 1) = SVal(Sk(), i)
If i = 0 Then :
picGraph. PSet (Data(i, 0), Data(i, 1))
Else
picGraph. Line —-(Data(i, 0), Data(i, 1))
End If
Next i

kmrmkkksakk %S 0RG T —F T o v b
If chkSDot. Value Then
For i = 0 To intNum - 1
picGraph. Circle (sngOrgX(i), sngOrgY(i)), 8
Next i
End If
Dkckkkkskksokk B — 7 {H 3R R
Peak = sngPeakValue(strFname, intNum)
picGraph. CurrentX = 710
picGraph. CurrentY = Peak + 0.3
picGraph. Print Format (Peak, “H. #&%")
End Sub

"TH—Lo— R RR
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Private Sub Form_Load ()

cmdl10JI.Visible = False
cmd9]JI. Visible = False
cmdSLine. Visible = False

cmdBLine. Visible False
chkSDot. Visible = False
chkBDot. Visible = False

txtKeisu. Visible = False
picGraph. Visible = False
1blInfo.Visible = False

ChDrive “¢:”
ChDir “c:¥data¥#ll##EHE E ¥rod2000%”

End Sub
HEEORIECEMER AL —F
Private Function SVal(Sk() As Double, XPos As Integer) As Double

Dim i As Integer
Dim YVal As Double

For 1 =0 To M . i
YVal = YVal + Sk(i) * XPos ~ i
Next i

SVal = YVal
End Function
THEBBEORISELCRE AN —F
Private Function BVal(Bk() As Double, XPos As Integer) As Double

Dim i As Integer
Dim YVal As Double

For i =0 ToM -1 A
YVal = YVal + Bk(i) * XPos ~ i
Next i

BVal = YVal
End Function
"TEAMR Yy I ATRTAHR - L—F

Private Sub txtCls()
txtKeisu. Visible = False
End Sub

REEE(CRERT— 5 ER - L—F

Private Sub OrgBXCale(intNum As Integer, sngOrgX{() As Single, sngOrgY() As Single, OrgBX() As
Single, OrgBY() As Single)

Dim i As Integer
ReDim OrgBX(intNum - 1), OrgBY(intNum - 1)

For i = 0 To intNum ~- 1

Select Case i
Case 0
OrgBX (0)
OrgBY (0)
Case 800
OrgBX (800)
OrgBY (800)
Case Else
OrgBX (i)
OrgBY (i)
End Select

non
[N}

nh

800
0

(sngOrgX (i - 1) + snglrgX(i)) / 2 _
(snglrg¥ (i) - sngOrgY(i - 1)) / (snglrgX(i) - sngOrgX{(i - 1))

Next i

End Sub
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RISEERLEERT - RKES—F
Private Function OrgBXMax (intNum As Integer, OrgBY() As Single) As Single

Dim MAX As Single
Dim i As Integer

For i = 0 To intNum - 1

If i = 0 Then
MAX = OrgBY (i)

se
If OrgBY(i) > MAX Then
MAX = OrgBY (i)
End If
End If
Next i
OrgBXMax = MAX
End Function
M- 1 RABSEHBRICBITARREY —F
Private Function BLineMax (Bk() As Double) As Single
Dim i As Integer
Dim j As Integer
Dim MAX As Single
Dim BR As Single
For i = 0 To 800
BR = 0

For j =0 ToM -1 N
BR = BR + Bk(j) * i J

Next j
If i = 0 Then
MAX = BR
Else
If BR > MAX Then
MAX = BR

End If
End If

BLineMax = MAX
Next i
End Function
CBRRRGEEES—F - v —F
Private Function BMax (intNum As Integer, OrgBY() As Single, Bk() As Double) As Single

Dim OrgBMax As Single
Dim BLMax As Single

OrgBMax = OrgBXMax (intNum, OrgBY())
. BLMax = BLineMax (Bk())
BMax = BLMax

End Function
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Type=Exe

Form=frmMain. frm

Reference=+¥G {00020430-0000-0000-C000-000000000046} #2. O#OH#. . ¥. . ¥. . ¥WINDOWS¥SYSTEMY¥stdole2. t1b
#OLE Automation .
Object={5E9E78A0~531B~11CF-91F6-C2863C385E30} #1. 0#0; MSFLXGRD. OCX
Object={F9043C88-FB6F2-101A~A3C9-08002B2F49FB} #1. 2#0; COMDLG32. 0CX
Object={648A5603-2C6E-101B-82B6-000000000014}#1. 1#0; MSCOMM32. OCX
Object={65E121D4-0C60-11D2~-A9FC-0000F8754DA1} #2. 0#0; MSCHRT20. OCX
IconForm="frmMain”

Startup="frmMain”

HelpFile=""

Title="RodCalc”

-Command32="”

Name="RodCalc”

HelpContextID="0"

Description=" %‘Hﬁ]%&ﬂi?‘ EOMNB T s T L

CompatibleMode="

MajorVer=1

MinorVer=0

RevisionVer=0

AutoIncrementVer=1

ServerSupportFiles=0

VersionCompanyName="JRR-3"

CompilationType=0

OptimizationType=0

FavorPentiumPro (tm)=0

CodeViewDebugInfo=0

NoAliasing=0

BoundsCheck=0

OverflowCheck=0

FlPointCheck=0

FDIVCheck=0

UnroundedFP=0

StartMode=0

Unattended=0

Retained=0

ThreadPerObject=0

MaxNumberOfThreads=1
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EEREAR S LHBREER

®1 SIBFBAS XUHMBA *®2 SIEBFHZhBZHA x5 Sl#EEEE
i % F i g 2 R e B8 &% FESREE i 5
& FlA = b m %, ¥, B|min, h d %] = 7 | E
7 Rl+osr35 L kg g, %, B °, ", 0 <y P
B%‘ il ¥ s y o b |1, L 102 5 5 T
T w7 v =T A [N vt 100 ¥ A4 G
BAREE |7 v v v | K T 0] x  #| M
IS I v mol RERRB | u ol I B
5% Eih v s cd 100 ] ~ 7 b h
Fm B> v 7 v rad 1eV=1.60218x 10-10J 00| 7 A| da
I &k BIRFIITY sT 1u=1.66054x% 107" kg I 4 d
1072 <= v F c
100 ] % Y m
%3 BEHOLH%E D SIATEY 0 | ~428]| 4
x4 SI&ficEEMNIC -
o : ) 10 F
& & w |gs |WOYRL w3 B 0 e 5|
A {3 ¥|~ n V| Hz s! % ¥ 7z B 107 724t f
. 71 =a-FY| N m-kg/s’ AVIZbD— L A 107 7 - b a
E f . & A& s | Pa| N/m? ~ = ul oy _
IZ“/V#""H:ZEv BREIY 2 - J N-m N - W bar GE)
L, RERVT » +| W1 Js 7 W Gal L #&1—53 TERBMRS B5 R EHE
TRk, EH|7 — o v| C A-s £ a2 Y - Ci FERHRE 1985 EFiTick B, #2750, 1 eV
B, 'E_'E,*Eatiﬁ H w_ l~ v W/A v v ob oy Y R BIU 1 udDiffitd CODATA D 1986 12
3 X\ - 74 ' ey - P
s v ¥ sy vr|v—-—2val s AV 2. BARBHBE, /o, T—n, ~7 4
it (v = — | Wb | Vs 1 A=0.1am=10"""m “LBEOATV INBHORNLDOTE
W % ® E|¥ 2 3| T | Wo/m? 1 b=100 fm®=107* m? LTREB LI,
~ g . N i —- . - R 2]
15 93; A~ vy H Wh/A | bar=0.1 MPa=10°Pa 3. barli, JISTHHEDEN:EOLTE
2y RABE |y RE|] C | Gal=1 cm/s? =10~ m/<? BRBVE2DHFTY) —CHFEATL
% B|lnv - 4 v| Im | cd-sr ai=lcm/s =1V "m/s 3
13 2 1 Ci=3.7x10'°B °
Biv 7 A kx| Im/m o 4. BCHMETAISSTHE bar, barnbk
% 5t slx 2 L oa| B - 1 R=2.58x107*C/kg ) _
c a DT U TMECHN | mmHg X201 573y
% W & ®||s/ v 4| Gy | Jke Irad=1cGy=10"Gy —RARTV S
g oM ¥ R|vy-~xwtr| Sy J/kg lrem=1cSv=10"*Sy °
# o F-
711 N(=10°dyn) kgf 1bf £ [MPa(=10 bar) kgf/cm? atm mmHg(Torr)| 1bf/in*(psi)
1 0.101972 0.224809 1 10.1972 9.86923 7.50062 x 10° 145.038
9.80665 1 2.20462 A1 0.0980665 1 0.967841 735.559 14.2233
4.44822 0.453592 1 0.101325 1.03323 1 760 14.6959
¥ B 1Pas(N.s/m»)=10P(£7 X)(g/(cm-s)) 1.33322 x 107* | 1.35951 x 10™° | 1.31579 x 10”3 1 1.93368 x 10
W 1m¥%s=10'St(X b ~ 2 2) (em¥s) 6.89476 x 107 | 7.03070 x 1072 | 6.80460 x 1072 51.7149 1
x| J(=10"erg) kgf*m kW-h cal (GHiR#E:) Btu ft « Ibf eV 1 cal = 4.18605 J (&tidiE)
3
;u_{ 1 0.101972 | 2.77778 x 107" 0.238889 | 9.47813x 107 0.737562 | 6.24150 x 10?8 =4.184J ({L)
1 9.80665 1 2.72407 x 107¢ 2.34270 9.29487 x 107° 7.23301 6.12082x 10 =4.1855J (15°C)
{% 3.6x10° | 3.67098 x 10° 1 8.59999 x 10° 3412.13 2.65522 x 10° | 2.24694 x 10% =4.1868 J (AB#ERR)
M 4.18605 0.426858 | 1.16279 x 10~ 1 3.96759 % 107 3.08747 26127210 (4EE 1 pg (LB
() 1055.06 107.586 2.93072 % 10°¢ 252.042 1 778.172 6.58515 x 10°! =75 kgf-m/s
1.35582 0.138255 | 3.76616 x 10~7 0.323800 | 1.28506 x 10~ 1 846233 % 10t° = 735.499 W
1.60218 x 107" | 1.63377 x 107 | 4.45050 x 1072¢| 3.82743 x 10" | 1.51857 x 10722 1,18171 x 10-1° 1
b Bq Ci % Gy rad ” C/kg R R Sv rem
8 7 gt i
1 2.70270 x 10~ ) 1 100 el 1 3876 i 1 100
i i it "
3.7 x 10% 1 0.01 1 2.58 x 107 1 0.01 1
(86 12 A 26 BHR#E)
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