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Maintenance of the Emergency Power Generators
and Overhaul of the Gas Turbine Engines in HTTR
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Masayuki SHINOZAKI , Yukimaru OHTA , Tsukasa KUBO* and Koichi EMORI

Department of HTTR
Oarai Research and Development Center
Japan Atomic Energy Agency

Oarai-machi,Higashiibaraki-gun,Ibaraki-ken

(Received July23, 2009)

The emergency power feeders of the High Temperature Engineering Test
Reactor(HTTR) have gas turbine generators which are composed of gas turbin engines ,
generators and current breakers. The gas turbine generators have been overhauled and
maintained to keep the performance. The maintenance technology was upgraded by
improving their parts and surveillance method on the basis of the operational and
maintenance experience . It can be clarified that the deterioration levels and the sudden
deterioration timing are judged at an early stage by measuring the max exhaust temperature

at the time of start in addition to check the starting time of the Gas Turbine Engines .

Keywords: HTTR , Maintenance , Emergency Generator , Gas Turbine , Overhaul
* Kawsaki Machine Systems , Ltd .
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1. IXL®IZ

H ARSI Ze B s bl Ol 0BEME)  RUEMFZEBI T & o 7 — IR S LT 2 &l TR
WF7esF (HTTR : High Temperature Engineering Test Reactor) 1. & A AW O Hffr HoAE % i
MTDHEE BT, FEROFEACIZHRNIT T2 @R T A IF B O E AL K OVER T2 B3 2 Jeim i ik
P IE A i 5 2 & A EHRY & LIARERNE b w 7 BB IRERRL 7 % I 2 BRERTed~ Y
LABHE DR FIF Td 20D, HTTR O FEAMAEZ 5 1.1 RITR T, HTTR X, EAEET ) 30MW,
JRFIE AN DS EEEE 395°C T 2 DOEILE— K3 b 0 | EMSEERIRF O 757 ) 1 EA R X
850°C, il aBREARE O -5 H DR EIFREE X 950 C Th 5,

HTTR (3 1998 4 11 H 10 BIZHIEGSTIE L7212, 1999 4F 9 A 726 ) B AR 4 Bi4s L. 2001
12 H 7 BIZERE ) B0MW K OVE-4F Hi AR EIRAIREE 850 °C %k L®-@W 2002 4 3 A 6
AIZ S0 L 72 EAS BT ) SOMW 7 & D B IREE R & & o CEMEIRIZ 1T 5 2 TORER
A2 88T LRI A FE A BUS L=, £ DO, 2004 4F 4 A 19 HIZITEFH 7 S0OMW &
OURIF S O EIRFEEE 950 °C 2 3Rk L 6.0 2004 4 6 H 24 HIZ & IRABREIR LR 2 64 H AT
BEAKIEEZZE L, SNE TORBATAFORESICBVT, 950°C &\ 9 EiEDmEIR & 5
TIFE DR EAMBICE Y 19 2 L2k L= 01 HTTR AR THIH T TH 5,

HTTR DI B O — DI HBERN H D, Z O AREHIT, B HREBEEA
K, TAZ =y InBMZ2EKEME, AEHZE5AE, FERTIEE & OB BhhhEh i 5
DR S, BHAEROBENKE T LIS AR 02275 1E R OERZ1T 9 72D %
itk ~ER A ME T oM E AT ORI THY . ZEMEZBE L T2 AREINTVD,

I AR ERIL, PRSI ONTLER B b EEREIRO DO ThH D72, G % MR
T2 72O EHIHNRSE R A FEhE L C & T,

A TlE, HTTR TOIEF AR EHEORE LRI D TERDH AL — L =2 ¥ v DR AR
EERBLIZZEND, ZNE TORSFEROEFIT OV TEARIIZHED -,
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2. AR

2.1 HTTR O

HTTRO @ HIgR A & 2.1~ 3, HTTROJF1-4F i A 1, 3w s iR R 47 &
AT 2 EmAERME (LRGERRE < 2R VAR EIERE - INEARSAGRE) IR L3I 2R 4
DRREEE I OF O OFREEAE FRET D BIm AR, P E IR O IR E L - Kin &
W2 & D IESMEAR B HT A IR RSAHBRMO KX < 3 ZFHEOBEFEE TR ST\ 5, #ibh
AR M QP R 2 HIER L. TP E sk Th 0 R 7 tiak O BRI O 2 m A 51
BBEZAHLTWD,

FHARME I, PP HEs (IHX : Intermediate Heat Exchanger) K& ONTUINE K4 Hlgs
(PPWC : Primary Pressurized Water Cooler) MD2->DEAHLZRN & V) . THX D 2UAANZ 27N
KnHlgs (SPWC : Secondary Pressurized Water Cooler) 73% %, 17 EIGRFIZ RN
FAELLBAOIE 2T, 2o o2 iz, MEKSHERM TH D IEKZEKD Hds
(ACL : Air-Cooler) XV KRK~HEIND, BhmEER ML, FoHERm & WFIAERk ST
B, BsHE L U TR HIZH(AHX : Auxiliary Heat Exchanger) 3 5, 47 A 7 7 AEF
DRAEEREORBEL, MMBm A2 R&m%, MBmAKZELRG AR L RIS BEIn S, F
R HEAR 21T, PR O E D O BRI L2 BT 5 72 DI KB E SRV DR
FonTEY, 1wE~WMED a7 ) — MNEZMAIL, FiRLIZKOBT, B Th 547
R HIRR R HN s 2 880 L7tk i HIKERE O mAEEE L 0 R~ s i 6®,

BTE, THX @ 2 RS HERMITIRA4F THA LI BVE K~ & T 2 IEKRS HRE~ & bl
INTWDN, fBk, IS 7'rt R X H/KFERIEHH~Be 95 Z L AFHE STV 5,

2.2 FEHE T EE O

HTTR OEFRAHKK 425 2.2 K277, HTTR OERABHIL. KENERE L 2 — DN
BHTND 6.6kV CTHENELEM 1 BRI X 0 ks Siv, WAEE 1R, W AIRE 2 B & OFES
FMRIE 2 B SRR S, W RIS 2 REBRIEE A mE R & . FEF FKRIE 2 B & e
MR L IEFHREENOZEL T\ D, FEFHBERIT. ZEEZZET L L, Tl
SEUTEIEE RARE R GEF AIMERERFRA . JEFAREREB) 121 9> GEFHBEKAK
OIEFHHAREMRB) REL TR, FABROELENET LS AICHEES TS & L bic, K
FIFDOLRIEIL R OERZAT 5 1D O - s lCE A a5 2 Lok v, BhfRO%L
ExM->TW5, HTTR FEHE HRE B O RHKX 2 2.3 KO 2.4 RITRT,

HTTR (%, FOOHNEEN/NS | FOERERE RO NEED OBFEDRE WD, &
REN BRSNS BRREIER LGS Tho T, b, FHEEY K DR FIEmER TS D o
AU OIE EFAEONT 1 IRSEAM OIET) EFABFEETH Y . v, BB/ SnEn ) &R A
FEA OZRMEEA LTSI, PHHERNIER L7565 O IE 38 B ok B R 15
2R _EOHIFI BRI g L < Ay, Z o7, HTTR Tl @ OJF 5 sk T H
ENTWDET 4 —BAREHKLY L/ - BETHY, BEHKPABEEOFEEZALTNDH A
H—EURERERALTNDO, HTAX—C U REMET A —EBLREMOERELE 2.1
FITRT,
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HTTR O3 A EMIT, I ABERAL (1 B4 TAZ—E vy (1 £5%4) .
LHEN I ZE A (2 JLR60) | AREN A ZE RUEHERE(2 B/R50), FEEMASIEEE (1 m/AoRH) KOHE B
il (1 m/Rst) SR SILTEB Y, MMEIHZEREMEEIC L > ThhBh 225 iriE ST
WD IERMEZERA, R EIREE R O IEF HREEEENE Sl L v ks, TR —Ev =y
VDA =R LR LTV EhpE, i RIRHCREIO MG A KENTOI, EEKEI
SRRIZEAMNEN ORI EIT) T a ST Ao T D, 72k, HTTR TIEpd HEIREREZK
50 FPLIN (FEYE(E) ICEEEAMNLT D 2 &I TS,

2.2.1 FFEHEHFER

5 2.2 RITIEF AREMOBIIAEE . B 2.6 KICHEROMEERXZ, 8 2.8 RITIER A%
BRI STV D ERAMARREEZRT,

HTTR (CI3FEH HIE B 2 FERE SN TR Y R ERO B LR T CHBED) L7255,
[EIFEEN ERE D 55% I3 L7-BEPE < DC100V DO REREEIC L v Wi a2 thd . To%. B
CORELY HEVELEFELS (AVR) ICX > TR LA O RAB L EET 5, HEFEHBEHROA
MENIT. EEARERROBELEZEE LT, 7 BB/ TEEREE O IER AR
AZEITH, 8 2.6 B HTTR e AR E RO BBV AMBEA L — 7 A E7RT, ol AMARE
X, EB A REEOIEFHERE L TRV AFMREZEOHEE) (E T 100 5)
IZHESWTEF AR AR, FRELERE TR, R RR BT /1 M RS & O A E
T MR I 2Rl L CIRE SN T D,

(1) FEHE S OFHE

OEFEAME IR RGL 1%, BEMRICRT 2 EFRAREBRIC L > TEE 21545

QFFRBILRE FH R RG2 13, BEWE 7 & OIAENC X > THET 2 R EMIEETRE T OFR

E|\Z K-> TEE BB

@R E R /7 /425 RG3 13, FEEBHIRIC 31T 2B R A B IR O KEIZ L » TE
ERAYES 4

@OFFRYFEIR I 1655 RG4 11X, AW OFAET 2 W FHEN., @By OBEBREICE > T
EE LR TH D,

EMH T - G(kVA)=RG XK (RG X RG1. RG2. RG3. RG4 D KfH)
RG1=1/7nLXDXSfX1, cosf g
RG2= (1—AE) /AEXXdgxKs/ZmxM2, K
RG3=1KG3X [d/ " nb- cosOb+ (Ks Zm—d, nb-cosfb) XM3 K] Xfvl
RG4=1"KX1,/KG4 [(H—RAF) 2+ (AP 15 é-cosO ¢) 2X (1—38u-+3u2)] 12
K: Aot 1E5HE (kW)
n L : A ORE IR
D : AffOFFER
Sf . R¥JMrAMIZ K DRREF O INEREL
cos 0 g : FEEHEDER 15
AE : BERGTFAELEET (PU (HOEEN—XR))
Xdg : BEEDOAMBAROEBLERFE TEZBE LA L E—F R
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Ks : Aff O8I L H6R%

Zm : A OMBEIEA e —

M2 : IENRF OB TR L R AMOHT) (kW)

KG3 : F B ORI (15 B0l BTt /)

d @ N— R AL DR

nb: N—=ZAAROLHR

cos b : RN—REAfD IR

M3 : FR R ER ) 2 &K & T2 AMDH T (kW)

fvl : BRRERIEEHUR T - R T2 L DB AARTEIMRE

KG4 : PR HHE

H: &k mEN

RAF : 775 4 77 4 M2 —3h B8 (kVA)

AP : HAHA M RS G E (kW)

n ¢ : HFHAM DR

cos 0 ¢ : HFHAM D)

u - HAA AR
HERNEREZE 24 RITTT,

Ny

222 HAZ—E LTI

B25RICH AL — oV OMERMEEREZ, 8B 2.TRICHT A X —v o2 OIgHE
WX ERT, £, WAZ—ErZ DO HBMAE) - FIEX A I 7 E2H 2.8 RITRT,
EBEOBFENR R CTHDL AT —E YU, 2 BOT Y THOEhE —D2 T35V (=
VUVPBRAENR TS, U UBEKRLE LTUIHTTR IZ4 ARE STV D, HEHO
ERENR Cdo B W A X — BB, FIREIR L 7 WENVHIREIR 7 A A IREVERS,
T A~ VIRBLER., NASAREVERS, T Faz—F X—=vTE—F HiEHGEH
Ty MR T 72, WEM, TAZ—E DU EN LR SN TV,

P IR O EIC L 0 IER AR EROEERGEENRET D &, 7. MHEAZELRMEIC
I SN TV DR R TEF (BESR) X VBESE, AF—X 2k = V28 )
EHZDE 1BEA VTR 2 BeA U XTIC X 0K ARG - JERE GEOR) L CBEERIC
JEAEZE R (ER EHRE TR 6kPa) #3165, ZiHLE RIS, EREIR Y7 (= v VERE)) KO
WENHREIR 7 (D UREYN Y Ty FAHE) bEERL, 7T A~ U BREFERAF BV TR
BEERBESRITIES L, KT 7 I K DK TS, ZORE, A A UREFERIIZEA, N
A PXRABREVEREIIBE & 2o TN D, [BIERELAS 22%I23ET D &, A S AREFERIIR I, A
A VRBIERGIRIIB & A2 0 . =V U DOEEAE Z I S, [BIERE 55% 13 L 72 R R CHAED T
BREVR 7oL (77 FOgEEL) | mEhHZEKOMRE LR REKT T 71285 ko
12T D, Lo T, [BEHEE 55%LARIT= P E LTEN. L TWAIRETH 5, @, [
T 30~35 BT 100%ICET 5720, 35 MREFEA Ty YU NENTE TRV IREE
(55%IZEE L TV W RER) ThIUX, B s L Co Y UE T 5, £z, BiiES
B VU RERHN 22% E il A TN D TR UINICHERIREE DS 240 £ 2 2 22 WIGA  REER B
MWL, RRENIEI E L Cm D UAMEIET 5T 0 ST Ao T D, BRI, REEE B
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WZHDHATT— (M) ICLVREENTAY —/LilZRAESE, 1R, 62 R EOFRTL
0 22 A B0 NIV DS BIRIE L. & OBRBEIREE 135K T 1000°CltWV @ik & 72 5, 2 OBRBET A
X, A7 — LKV 1 BY - ) XAV ZEN N, Bk, $1BEY—bvr 71—
NICE) 2525 (iR, FERIC, 2B, B 3RLE 252 IR S, £ odxiiR
FEITK 800°C (EAMGEISRE) L7202, b, PERUBEIZ OV T, 12O YUk LT
4 FEE R igkE LT 2 EELTWD) LTEY, 9. 2 DT 2220 TRE W
EAEFEHL, SOICEHINTE2Oo0RED S H, REVEEZHNITLHE 212> TW5D, 72
B, IS R, NHEFHZESEOIEFEHER S LTHW S BFEHBEEXRMOHN NAEE] (7
B2 100 =) (AW TER AR5, FFA RS S REBU O &R iR
Rl L CIRE STV D,
(1) B DA
OEFAME IR REL X, EEREOAMICE > TEE 2%
QFFE A B MR RE2 1, I A T 2 AR A3 5 BB O TR &I
Lo TEE D485
QFF AR %5 RES X, BIEMICAE L 2 RKMEICE > TEE 7%

JFEREH ) - E(PS)=1.36 XREXK (RE [Z RE 1. RE 2, RE 3 D KfHE)
RE 1=1/ 7 LXDX1/ng
RE2=1"¢ Xfv2/ n ¢
X [(¢ —a)Xd,/ nd+ {ks/ZmXcos0 s—(e —a)xXd nb} XM2 /K]

RE3=1/y Xfv3,/ ng X [d/ nb+ (ks ZmXcos 0 -s—d, nb)XM3, K]

K: Amot /1G5 (kW)

n L : AffORENHR

D : AfifOFFER

ng: BEMEDONE

e o JRERE O EA TR ATIA R (PU)

fv2 : BRREEEEHUR T, EERE T X DB AARTERE

n g FE RPN A far RE 2R

a : JREEO B ANRFRATFE R (PU)

d: N—ZXAROFTER

nb: N—2AARDORF

ks : AT OLAEN U L DFRE

Zm : A OMEEIREA B — X A

cos 0 +s : Aff DARENRF )R

M2 : A AR ORISR EB N R K & 2586 O] (kW)

vy REWEOERF R KM (PU)

fv3 : BRRFEIEAEUE T, R IS & D A I L D5

M3 : A AR REWE ) 2 R RICT 2 AMm O] (kW)

HERHERZE 2.6 RITRT,

Ny
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5 2.7 RITHAE) 22 RUEAEHE OB SRR 2 7R3, HTTR (ZIXFES FFE B O hhEh 22 K EHE
e L TEBRIZ AT ORBEINTEY | &R/MIC 2 Kb BRI R E T T 5,
MREN R Ze RERERIE, A A VT 4 V2 Bl L TREERA - 2 BROEREZIT-> TR Y | W@,
MEEN 2SR OIE /AN 2.65MPa £ CIK T4 2% & HEiEE L, 2.94MPa £ CTHIE L H#EE L
%, E£72. WRENHZESHE O E IMRERICOV T, 1.48MPa TH# L 1.76MPa THEIRT 5,
¥, JEMGHEIT. JEE OFHLRIE TH 55 3 MPa S 3 [AAENE . 6 BEREILINIC A T
HHDEHH LTS,

2.2.4 MBS

% 2.8 RITHHE A LM OB A R T, MHEHZEEM T, & R/MIC 8ms & > 7 23 2 5§
OREINTEY , WK SMPa OJEMEZERMA I v, W TR0 1 & GEf 3 Bl Eh A §E)
AEAREL L, b9 1R E LD, o, BN HZESEIL, 20X v 7 TIERH
IEEMAEF T RIRE CTE D LKA L TRV, @H O 1 EFEORREN D 3 Bk E) %
To 72 A OKEIE 1.5MPa (EB) 1 BHC LR 2S5 5 : 40N m) L7 d, 728, FHMo
15T, BEEENCERLESRA THOADFRICL > TESICHE - EBZIT257-00 DT
b5,

FEROEBES NG LGS, ZXGERS/HEE, ER BER) 2L ZEXM oL
D% WG 0.9MPIZIE L7e 2 B A X — X ~NEMEERZ R, = P U8 D& b 4, [l
B3 55% 23 LT Bt CeRunEh ir 2 P . JEZEROME 25135, 72, s ShvizE
MEZeEUE, FEFHABEEITA Y — VDR r— U S %, K7 7 1
EO Ry —=SNIELNT AL — L D ORI A &G L TREFESN A~ S D
KA TR > TN A,

2.2.5 FEEAEHIEE X OVE BiaaEhiE

TEFE TR K OVE B AAENR I XA RIS 1 IO E I N TR Y . HEMHIEE T, BEH
D) - AF B FEME OEE) - F1LEITH) DO TH D, HIEHEND ECB (v ar b
0—/LARy 7 R) TlE, HAZ—E LD OERELZER - G, BENb o855
I RSS2 EZH L TW5, BEMAEMRIL. HEErER OB - BIEREIE NS EH RO R
HEAREAREE R VEROE TR Z LTV D,

2.2.6 BREHE
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