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Reliability Test on Control Rod Driving Mechanism

of HTTR with HENDEL
*
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i

Tests on a control rod driving mechanism (CRDM) including a
control rod (C/R) of the high temperature engineering test reactor
(HTTR) have been performed to verify their reliability with the single-
channel test rig of the fuel stack test section in the helium
engineering demonstration loop (HENDEL) under the same operational
conditions of the HTIR.

The CRDM has been operated far more than the total driving number
considered on 20-year HTTR operation. It was observed that there was
no failure of scram and no occurrence impossible to insert or draw out
the C/R at normal operations. The CRDM could move the C/R to given
positions in the channel without errcr at normal operations. Overruns
at scrams by disconnection of an electromagnetic clutch were short
distances ranged from 63 mm to 71 mm. Pressure drop change in the
channel with C/R movement was found to be so small not to affect flow
rate distribution of coolant in fuel stacks. After the test, parts of
the CRDM and C/R were disassembled and examined. The test results

showed no failure of them.

Keywords: Rellability Test, Control Rod Driving Mechanism, Control Rod
HTTR, HENDEL, Insertiom, Drawing Qut, Scram, Pressure Drop,

High Pressure, High Temperature, Helium Gas, Disassembling
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BB L, A - Bko—EEE L5y — v & Ly aEREEEE L TIDESE-F L,
S AEEARDELTAY 504 | IERT20% LA 7V E L@ A 7 VE-FD 2R
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ORI AENE LTIT>fe CORRTHE, HTTR REWERHFO C/R FHFMHIcSVT
75 v HMEEMELT, FOMCHESNAEFEHA Lo GREA @ 371 [,
Bldkx 71 ED & C/REBHES BA2820mm) 2FELT, BHPHFoR Y (3800 mm)
v LBV AL U RN RER A 1T - fes

C/REBELIZENEFRAY 7 4LTIE, A7 5 -0OHEE BRI L -+t 5808, X
75 LM ORASAHNE LT, FHRUVBITFRICLZ R 5 68 RET -7 TORRT
i, 735 v MEHMH20EMOBERETH 5 300 mIF KRB Z0EET CLEEABEE LIS
MLz L Hic, TOEEDR7 5 LEINEERSEIZ 2N TSH S,

Z O, FHERBIEHTY S HBR THRICHIT T, HIHEEFH TRV T BRI Z
fe&s®, 74 va—70BUEBEAEL 7, £, C/REXROBEMEERT o, —&
ORBEEAEE VA S Ay 7 LETERERBREERL 2, CORBTH, C/REKEHD
Bl SArECFRL, HBEe— s e -5 7oy 0 EMEAL TN 722 ERE BT
FTCHELR, CO&E, C/RIEBERNEL SHEEBEEALMCE N, £OHEBERNE~NY Y
LA ARBEESTOC ~400°Cici B, CORELSFHTR Y S ABALT, A7 7 4FIMNE
TC/RMBHSMEEh 2 CREBEL, BUYC/RARLEHF Toliko & il 7,

No.25 ~ 2T %4 7 mic ki3 5 RBAB L HEROBMEIRDO LB TH 5,

(1) No.2b+ 4 7 LiiBR (19884F)

~Y L HZRFES4MPa, CRDM IR SFSRIE 60°C & v H EEEF UFHERAT,
C/R OBERHAEE|ESE, 275 aBAZKII-VLTiITof, AY A 7 0B 2HBHERD
HERLTOEY Th b,
THO9H ~M A=, WMEAKRH ki~ 948 2R7EHE
TH10H - T.os, EH 4 MPa FiE
THI0H ~Ti-s W, SBEF2 (BNEANRETH180C) B L5085
(F#t -5, BRNE ABD t -5 0%
THI3H ~ P-4, BREL— 7L~V 72 H72ARE
THI5H ~ RBBL -9 IL2~T v a0 ARE
TH16H ~ 7TH23H _
SR ISP R A1 U L BEBEN © CRDM BREEAER & K
TH248H ~ JB#KRT
(2) No 26+ 4 27 VidER (1988 4E) -
~1 Y AHZRFF4MPa, CRDM IISHKEZE 60 °C &V i EKLH U FRKFTT,

O/R OEEHFAEDHE, 2736 BABICOWTIToH $4, C/RERY 7 AL

i ToFFISERSHASTICERL, C/REESEAS LARCHES KW TREIT S LV

5 C/R A7 5 s EuERFREABROERL 7,

aﬁ,$&47»ﬁ%muﬁﬂ95;0%%éntﬁ'RaﬁﬁﬁwmuvAﬁz¢®K

IS ED - fo 20, FHEEESIC L D BRARFOREFELI IO B B o L -7,

T, sUERE A Y 4 2 AEEEHIR T, YEWMAC OEEROHmMARE LT, AH&ANIENZE

T~ 76 H AREEUEEE 2 BT - 72
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108198 ~ M, v—7ic X 3 RERE
10 H 21 H ~ M#EEH, i &2 FiRE
10H2H ~ Ti.s, KF 4 MPa B#E
WH2H ~ FHe—7, BREL—Fickd~17aFARR
SR LE—F, KEEER LS CRDM MRS SRR EE
10 H 27 83 ~ CRDM IR RESRAL 60 °C o Bl:#
CRDM BB EBALS (FHie— Fick 3 v a, 2277 458
10298 ~ ~U I sl 2FFUO L DABAETET,
~ N g A AAEEL
WHANH ~ ~U Y s AALIEE
1131 H ~ K 4MPa BE
BREL - ILL557E
CRDM &R HEM (A#EELRE—F)
11H 9 H ~ C/R 27 5 sfEibhrERERFFRER
1AL H ~ ~0 o s 2Eo OB HREIET,
~U Y AT R
C/R 27 7 oA EREASR (L7 2.6 MPa)
~y s ARE, B 4AMPa BiE
11 A 11 B ~ CRDM ER&EhER
(E@r— Filckd v A, A7 7 L35
MA12H ~ C/R 27 5 ~fEl-frEFERR (10D |
~D) oL HARBEOLOETIET
1181410 ~ ZERERE (£ 4 MPa KFEH#)
1M A58 ~ No26 A 7 VR
(3) No27 A 7 vikBs (1989 £F) ;

CROM IS S B RE £ M L b 541 10°C BLERE (1070 LT, ENEHEO
A - Ok EEE (o) , Bl 5o FUBLIC X AFEROBERETAY 7 AETL,
X5ic, C/R A2 7 LELNBRAEZRET >0

2 H 2 H ~ s H, i« X 5FERME
2848 ~ Ti_s ES4MPa BlE
Tt -5, BNEL—Ficib~) v LT ARR
SFIE— %, Ke#EEIC L 3 CRDM MRS UR A%
2 A 5 B ~ CRDM IXERISERSUREK 70 °C IcBE
2 B 6 B ~ CRDM EZRBASREREMNREHER
(FHe-—-Fick by s, 275 L35
(B#h®— Fick B v A, X275 H550
(C/R 27 3 sE LB GRS
2 A218 ~ FERT, BiRbn
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Operation mode of CRDM reliability test

Manual Normal Insertiont— C/R velocity |1 ~ 10 mm/s
operation] {operafion Driving distance {10~ 4000mm
Drawing out —C/R velocity | ~10mm/s
Driving distance{10~4000mm
Scram AC motor C/R velocity 370 mm/s
operafion — .
mode Driving distance |1000~4000mm
Free fglling C/R velocity 370 mm/s
mode
(HTTR mode) Driving distance [1000~4000mm
Automtqﬁc — Norm?_l — Inseétion C/R velocity I ~10mm/s
era a
bl operTom dravr.r]ing out | |Driving distance |50 ~3800mm
Operation number| 100
Free folling+scrc1m {Scram) — C/R velocity Shim | 1O mm/s
Normal operation (Shim) Scram| 370 mm/s
Driving distance |Shim | 500~3800mm
Scram | 3800,4000mm
Operation number|Shim | ~ 10
Scram| i
Cycle number ~ 45
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42 C/R XY 5 AEBLEEIRSHBRER

REI, BB OHREEAOWICH T TONY 7 &4 ZEEL 370 °C ~ 450 °C oFMic s
W, HREEHOMOA~NY 94 H ZEEA 660 °C ~ 740 °C 1o L 7 JREET 12 |, 840 °C ~ 980 °C
BWT 26 EEREL -,

275 Lk, BEEHOBO~Y 9 AFREZRPISAMTHOTC~100T 3EEFL, £
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D 60 SMEE T IR I MIE L /o

R 7T AEAORESERE Fig, 421, 27 5 4BAL T KEEFIORESMRF* Fig,
431 E T hRT, 20LEO CRDM IHREFSEE R 0 CHEEIRESIIRBELT
3, BNFAOSL» SHEEOE — MBS H T TREATE - RUT, s Hffic—5% 7
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BEATRLAELDT, C/REELIO~N) Y AN ZBEAMEIRFRIEAATHI EEL SN
3, Micaonsksic, C/RTHE, 2735 4EFHII12400°C BEOREIREICHY, 5K
XEAOEFEIZ 0 CUEOERITE-TWS, ZOBESR»S, C/REREYs I T77
V==, BBEBIER 7 5 LABORESHERERLCRECHSLEAON D, i,
S/P PHERMATER D~ ) & &4 ZWERF 220°C 2B > T 5D, S/P KU CRDM T
TR 60C ~T0CicHiFahTtnd, CThid, S/ PARHEKRATRICEBES W -MAEIETHY
KEALTWALEDHEELI LN E,

43 TAPOD—TORUBMERER
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o, No 26 %A 7 BT 380 C A TOMUTROEMS EERRTROMURRZEME
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BRIET B HESH L,
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Table 4.1 Total operation number of CRDM

Temperature Operation mode Operation | Total driving
ot CRDM number |distance (mm)
Normal | Insertion 767 219,920
operation )
Drawing out 761 219,320
below 60°C
- AC motor i 2 30,000
Scram
Free falling 20 66,351
Normal Insertion 4204 2,641,010
operation .
Drawing out | 4199 | 2,639,700
around 60 °C
AC motor 24 60,000
Scram

Free falling 324 1,217,250

| Normal | Insertion 4738 | 2942.850

operation Drawing out | 4,737 | 2.939,900
AC motor 9 25,019

around 70°C

Scram
Free falling 524 1,862,975

Table 4.2 Rupture test results of wire rope

Rupture
Item weight
(N)

Sample No.1 (~450°C) 22,600

Sample No.2 (~250°C) 23,500

Sample No.3 {~100°C) 24,500

Sample No.4 (drum) 22,600

Virgin 24,500
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Table 4.3 Tensile test results of control rod element

0.2% Ultimate
Item proof rensile Elongation

stress strength

( MPa) (MPa) (%)
Quter tube No.- 248 589 43.5
Outer tube No. 239 585 49.95
Virgin No. 1 247 58 1 49.0
Virgin No.2 270 589 49.0
Inner tube  No. 247 581 49 .0
Inner tube No. 270 589 49.0
Virgin No.t 244 584 52.5
Virgin No.2 237 582 52.5

Table 4.4 Tensile test results of spine

0.2% Ultimate
proof tensile Reduction
Item stress strength |Elongation| of area
(MPa) (MPa) (%) (%)
Spine No.l 212 595 40.3 59.1
Spine No.2 215 596 40.0 57.1
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Photo. 4.5 Appearance of drum

i

Photo, 4.6 Side view of drum
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Photo, 4.7 Appearance of motor mechanism

Photo, 4.8 Appearance mounting in
worm reduction gear
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Photo, 4.9 Appearance of gears
after dismantling
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Appearance of control
rod element above
shock absorber

Phote, 4.11

10 Appearance of control

FPhoto, 4.

rod after tests
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Photo. 4.12

Appearance of shock
absorber
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