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Hefueling Impact Test for CANFLEX Fuel Bundle
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Abstract

The experitnental inwestigation for the CANFLEX fuel bundle which had been deweloped
under KAERIJAECL joint design project was done for the werification of fuel bundle integrity
during refueling, The test was performed under the actual reactor conditions and the coclant
flowr rate which was conservative one in terms of the hwdraulic force, The photographic and
the electronic method were used for the measuremnents of the dynamic characteristics of the
moving bundle during refueling test, After the test, the impacted bundles were measured
carefully and inspected, The terminal welocity and the acceleration distance of the meowing
bundle was evaluated from the test All the deformations of the test bundles and the pressure
tuke were within the design acceptance criteria,
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7. CANDU-Hot Test Loop
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o] AlgAlEs E4 HAE d@HLs 2, UE W FR 2SS 2" £+ e MEY F
CANDU-37 dRg M2 MY=E CANFLEX HHge Hdz AS A|EES 8% 8}
Loop®] 235 man lbop svstem, feed & bleed svstem, make-up water system, chemical
system, cooling water systemS 2 E C|FMA 2H FHEES H52 34 wifhr, leops] EAY
BE 1M kegtiod, BA=SELE 348 ¢ 0T} FEF loops test rig, letfoutlet header, main
heater, main coclant pump, pressurizing pumps 2 FEE-HM U2WH test rigves 28 F=3E
H/AHAE AT =k, UE ¥ R E AZMS0 HAEHY T Leops SAE]IS dual
type?] DCS (Distributed Control Swstem) FH|E S£33ldon 4F A5 £33, HIs
HF30584 4 data acquisition systems AMESHELCE

CANFLEY HiHR2] £3AE2 40 CANDU-Hot Test Loop AES 0|25t 30515
il

L}. Test Rig

CANFLEX AT ZHAAEE T test rig® F2= Figure 1o LHERS HEgE 0] W=
I} inletfoutlet closure SWAE -_r“.‘;‘ﬂ‘ﬂ 2=t inlet closure SWAAE B2 MA ram shatte}
sensing wire 7} packing glandE® E5Hq U=id WREZ ZFHESHY Z2HH3T Ram shafts 2
A MERE AN HAHAH B2 T PFEHEE U0 UE 4 UEFE ZY HTU0H HE
i #HEE £ A FHETH Sensing wires 2 HHR:] FAE Lt HAE FEHEH A
T Zlez s RN FH HAEEL end plate FA inlet closure SWAN J1EE
packing gland 2HE 51 R L] £L/HA] =3 Mivelocity/displacement transducer )] HE
SHETH ETE sensing wiredl &= ball indicator S ‘:"0} =20 AAAZ guide rails T2l 22 Y of
1% Atz £9¢czy 2 #HEge] HES Y FEE 2 A SO Gelind packing
2 1=, 1¢e 4=z WRZ A A ram shaft?l sensing wireE JYE SAFHA HEE
HEd BEE F7 ¥EF 17 f&d 22d 25t #840] 2= graphite packing(Union
CarkidelS B4 HZ§Hd ATE5E T U928 22 downstream shield plugs A3 A8 S PAN]
71 F5tH B ram3} shield plug®] 2w Timass x stiffness) @/0] ZEF stainless steel 2
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2= loop system®] &3 H4(ZL, Y=, F-ISS test rig?] AF2E AHCANDU-HTL
2] data acquisition system (HP30544, Hewlett Packard]lﬂﬂf’\‘] +4, M- FH WMEE
£ U HIYE Z£HF7] HEMH cable extension linear positiondwelecity transducer (Celsco,
FT9301)S AME &% 2T sensing wire?] hall indicatar HES #9517 59 hish speed
motion analyser (Kodak, Ekta Pro-10000E ARESHET ETH A AL s3¥E ZEs517] Fs5t
q charge type force sensor (FCE, WEIBEIE outlet clogsure S A 28 ZHEMSHEOH
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Figure 3= position/velocity transducer® S 32T H £ S LRI Az ZHMH
B2 =383 M1EHY R A 80 RN HE SEE(terminal welecity)d ZESIE2H &
=% sensing wire2] ZHEEZZ AWM AR L] B AT 0lMT A% g =F0] USE EHs1
L} ET PiEE FHEM RS £ fES EY £ =W 0= sensing wire2] B8 B F
L AR U= oieE ] oA HE(stick-slip metion)] 2% ez HAETL
OlHT £ gF L A 2AE 1T THMAHARY EEEL = 285 mfsE AEE HIOE

=328 £ dY 23S £ AEYAREs FHEEGRE 0, impacting bundle)st A
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FHMAT ] ALY AEE s GARANY U A ME SAHo] ARED 0 d4
WM 2T high speed motion analveerE AFESIE =T 230 pixcel™ 1600 mmE H T LT H
FAEI +65 mmo]3 A2 BFE S 1000 framefsec®]Th, O 3‘:’E‘=‘E1 J"]'E% 1EA
s 2EE] ez std £95 mme] £ 23E WAHSIHCH ST A
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MHo 7 23 AFEI AEAD2] N (signal conditioner, SEZ00002F 41F 24 (signal analyser,
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A2z 2= £0003 2 (& 28 22 71 ZHHEER2] JISHE] B £5522] 2als 42 o+
10 mmet +10 mm/sE UEFATH T O E U3 23l sensing wired] ZHEsls Y=al o
packing glandl £]%F of=iolt) o] Ho] MEstA 3H FEMHES] SEEC0 45
o EEx80 TS DAAEL &3 84 sensing wired 01A & gland packingd] 2] T
ObE (2] M) YEad 27 f0 HEs 02 E 2AEMNCH H8 T sensing wiret] 2

position/welocity transducerst |WZE M WHTH 1176 Mo Z=ogi) ol MW
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Table 2 Specifications and Setting Conditdons of the Instruments

{a) Dvnamic Sensors
Parameter Sensor Conditioner Hecorder
Mewne Disgael, Trensducer Signel Cendbicner FFT
Crotnpans Celesco Celesco Hewlett Frckerd
SEZ000 -457E-2200 -
byledel FTO301-0100-221-1110 5 11-B131 JEEYDA
Seriel Mo, & B30BE AR3ORE -
Displacement 0 - 1007 (0-2E40
& Renge - b- 4I:nn mfsmm:J e 1084 K
Velocity output ] 0 - 10,000 ¥ i
+ 10000 %
Sensitivity 3.3 mifln - i
+
& courecy - I i 23 + 0,003 X
[erne [rpact SEnSCT Cherge &tng, FET
Comnpans FCE FCE Hewwlett Packerd
bvTodel c1BB 1634 3REYD A
Seriel Mo, BEE E7D -
[mpact Force 0 - BOOD lk= _
Henge 0 - 2254 KN 0 - EOOD o Bz 10E1kEHE
Cuabpuat 0 -400W -
I 1819 pCilk
Seniivity (4,089 pCiIY) i i
& courecy - - + 0,003 X
{(b) High Speed Motion Analyser
MName [mager Coolrollec Processor Boni tor
Crotngans Fodk Fodek Fodk Parpscic
Ecte—Fro 1000 Ecte-Fro 1000 [ntensified
[wTeclel [etensified (rsger lrupesr Controller Ecte—~Fro 1000 Processor Wh-E410
Seriel Mo, BEDE BlE1 3B1E oo[OD&el
Specificetion| Lens Miken Sbran | gip 5
& Frame
Cething  |Hesclubicn Ml:lli’ize{gz Hete 1000 s h
. Cake el p5
Condirions Eaposure 1
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Figure 1. Schematic Diagram of the Impact Test Apparatus
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Figure 2. Displacement of the Moving Bundle
(measured by the High Speed Motion Analyser)
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Figure 3. Velocity vs. Displacement of the Moving Bundle
(measured by the Position/Velocity Transducer)
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Figure 4. Acceleration Distance of the Moving Bundle
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Figure 5. Changes of the Bundle Element Lengths
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Figure 6. Changes of the End Plate Profiles
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