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SUMMARY

The spacer grid is one of the main structural components in the fuel assembly, which
supports the fuel rods, guides cooling water, and protects the system from an external impact
load, such as earthquakes. In order to develop the spacer grid with the high mechanical
performance, the mechanical and structural properties of the spacer grids must be extensively
examined while designing it. In this report, the mechanical/structural test methods, i.e. the
characteristic test of a spacer grid spring or dimple, static buckling test of a partial or full size
spacer grid and dynamic impact test of them are described. The characteristic test of a spacer
grid spring or dimple is accomplished with universal tensile test machine, a specimen is fixed
with test fixture and then applied compressive load. The characteristic test data is saved at
loading and unloading event. The static buckling test of a partial or full size spacer grid is
executed with the same universal tensile testing machine, a specimen is fixed between
crossheads and then applied the compressive load. The buckling strength is decided the
maximum strength at load vs. displacement curve. The dynamic impact test of a partial or full
size spacer grid is performed with pendulum type impact machine and free fall shock test
machine, a specimen is fixed with test fixture and then applied the impact load by impact
hammer. Specially, the pendulum type impact test machine is also possible under the operating

temperature because a furnace is separately attached with test machine.
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olg AR HU FHANAY 7}4?-51‘\: EUE Ao AR FH=FE AHEIHY
HAQGE =S o

oa

42  AXHL Xrdota 88 SZAIE

S FHsF AT AXNAAAY FHAEH (YA A2eF, F2
= g A 3t IR AF(AAsFoly FAsEH Ee)d 0
TEEY FAAFS FAdstn HPH. FAFEEL FHEYS o)
A Afst FE] FAANEE FHHRG. AAFAAE 2 F4A4Y
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376 we 2AFE QA HE2 soe %L @Ak
AgFue] F24 sne FHE JMHeR e AL A%l Ao lne
ol 228 AR g RA3te 4 £EE 438 F UA=E

SdoA FATFE A AXNFAAAY FANPE AsS A9
Fele] SAANGZE AT, AR o7t gobdel W FHSEI}
ANEZ dFFE FoldAM FHANFES AFstd Hdhgolg: T7HA7IEA
ABe2RE A& FAZ olde GACNMEY Fobd wrix], & AAA
gl TAAY f7iA oY AP S WESIT. Ik <A AF Y
T4 43% AF¥e Ze FFd4, vEEE HaRE duE, A4
aAFA, 48 2 W T T2 FAHH . A% AR o
23.5 kg °|t}.

2. ANgel ==

ARA 54 24D 2 GAAGAY Aoh} FAAFAAT
TN GARPRAL AXNFAA) AL SUNN FA%FL Frhata,
o) 3ol W J1AY AAYE B & Y& AR %Y + Ao,

3. AE g72x4A
3.1, AlE
22y g 939 A¥rkEel ¢83d UFARSTd RAARE
ZHstn WRAARES AR, WEAARI} AR dFEF 4
gFARFEC] dEHE EAIFE dHolx T AXAE AW
AHEET. Alzd AlEe AR 3L 43nH7) Aol AFAAAA st

301, AXHS Bl

ARGl AHgE ARA AR S3FIH =99 HeFAsGY HaE
o AT A0S AU FAAA 4 L HA L AFAS 5 4 29e)
A5 MASY 339 ZH718 Agstel 98 S,

7 AAA) AW FF 4 ) o3

3.1.2. O A2
AxA e BHE Z=o| glojok A},
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3.2, AIEEX

Apdsl dejel FAAYIE 2 2.89 JeElIeH, o AlgsE
73 g AU A Aoz wigdoZRE HAGIs »ol2E AAY F
AEE And] AR, o] A7 AR FRELE F N9 uE(guide
rods)® F 79 AA 71%(support column)o] 7|EHCEZRE APoF AYA
Atk A ZFAY FE(carriage)} AH DAANFE F A9 hF Alo]d
A8 Aok, o] FEUE dAYez F LFvly F2IFoH HAx FF
ol E Hdle AnAyE ZEE FA(rigid) 4oz FHol Udot. 429
FAFgFE A5ANE7 285 A (ringing)S A7 et i I
AZo v woA @ ul AtelY grog Fgtr. SEUY &5 AL 20.43
kgol®, =7l 254 x 254 mmoli, FHd| Y3} Fole 1676.4 mmo|t}.
A& Hd 4000 g 7HA otk FAHY] FAHL FTHA AHoZRH
A7 3 WA3t7](force transducer)E AFE3le FAES A= T
Ale]A] (strain gauge)® AlEste FHA AP0 ZHH HIYESE A
ol ok, 8 WEr|E AlgsE WS AL 499 3
Agte] lomn, 2EH AoAE AMgste WYL 3F 4l
AYde ARG dearvt de duAged AHgsd 43
A% (verification)o] o1 AHBs7|7F Z&g Hol Atk miepA
AldAs FgAdo] Folt, Az g FRlo] AdHoz AL HE
a3t 3 ®EAV|E F3d9 3, 5 AEFH FEII= 4, o FFss
g FE8d. ¥ WbE)e dAFREY HAY 53 FFdNezRy
T3 A 24EE 13t RINAMY Ed PF-318, 7IEEAE AEA Y
23 7IEE d99Es uEstd FEAEEQ ENDEVCOARY) EdY 22258

A8,

FAANEY 27 Folv AUA BEES U (energy conservation law)<}b
A 3 B¥ Yel(force equilibrium)ZRE F& FAEEE AFEol=E
st ARG, $AEL FAFo] LAY AMAE AfFHdt Fold
mel F7EHA HER2 2I1ECIEHE 6.35 mm¥ FUMEtEA] FERIE
AstiL o] d o dAlgART FAHo TAasE Fol7tA A¥E T3S
AEE A AZEol= I-STAR[S]IE AR er, AZE A HolH=
Alg 2 A dlojE B4E& A% FEMtools[6]2 ¥A4E& S+t o]
At FAAEA AP T8, HolEHY £ 2 AFS HAt A
A28l Jigrs 2 2.9 YERAT.
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|.— Spring Damper

Accelerometer
J (ENDEVCO 2225)

(_’__,4—» Carriage

‘% Force Transducer
(RION PF-31)

—

> Guide Rod

|~ Fixture

1
4@1,/ Specimen

Base

a9 28 AFHs SAXNEIY AH

L ]

H |}
[ ] 1-STAR T
{ver. 4.0) E<<<<<<<i
\?/ ) Workstauolv HP G180
FEM tools
{ver. 2.0.3)

=i
shock machine
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a9 29 ARHE FAAEAY dolE £3 2 B4 Z2o9
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4. AE EX
Afdst Geg F44Y AAE BeD 2o

1)

2)  ERUE S0 L8 ARL 1R IV FRIT
3 AW HAL Agar
5 ARE 2AATF nPHTY
5 AW FROe FAAT ABI AN,
6 W WEY] Aol2e VL] ARG
7 delH AF A2ge AFe
8 Aus nFANE FAwT
9 AW WAL A
10) °1% AL 27] GehEol SojgAh
1) ©l% A% Afds A,
12) %49 o Az 19=g Jeh
13) AY 2497 AR Bolg 715w
14y %7 GaEclEs ANW VARET FANL F wA 10004
137HAE WHBEA Ao old WAelA BT ZHold w7A
2 g,
23ATERE AW EIsn doEH AEe 2 ygAs
et
5. AIE 209 =8 2 24 :
AAAY AFGH FAAYOLRE L FRF FolHE fUNA %

SEY, 3 H3r] 2 SSEEAE 38 o]F A F(moving mass)S
7] &gt}

YHUZ AAEA HER o FiMtools® AHEste] 2 A F o8 279,
FA7M4E 2 34520 U 29ZE 9 4 oH, BaA o)F A
YHz Bese JE ATYE AE ZadNE £454 1dzs 9L
F Atk AFHoR, FBU AWe] 2L AT o FALEE A A
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M3&d & &

Ar2E AFAIE MY 34T AXNFBx FRI7|E NETHA A
TE5Y AANAAANY 7VA/FZ2F FeAIBFHAEY 7157 5H& 7estn,
ol-g# oS &3] AY AFFAE Jlesdn. AXNEAR Az
AAE] EJAFLE Az} &) AdEte A B AYo] 8% AARE
A9 QS AFE =& d F AS AoER FUIY, Hxo AH
IARZXNTE AR Az 2 AEE £ S A ST, AAAY
A3 FHIFIANY 2 TF FEAANYL FE AAAG AA 4 379 FAA
ANPE 7153t E AgAXE AQgstdt. ®=3 AAAYg A F3F
FANEL F2oA B oldgt &3 2x9 A FME AFE FYPT F
AZF 3ot mer] B 71 A/72F Agdas F4sd 1gdd AXF A}
71 AAEFA AAZAA Y ZA/7E2E EAAEE dEd] £ £ U
Aoz wadn.
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TEST CERTIFICATE

9 FNo.

NALH UT350/UT320Fu4LisRiAmst
PRODUCT NAME (DIGITAL INDICATING CONTROLLER) TAGNO. -
%&L UT350-00
0. &S
SFRBEE% No. 9P00212-C04563 E‘Eﬁﬁo_ TS5005TN904
A E B E p<: B = | g 5
MEASUREMENT ACCURACY - : 1 TEMS RESULT
% HREE R WREAT
RANGE ALLOWABLE ERROR RESULT ‘CURRENT QUTPUTI  Zs82 0340, 3% E ,GOOD
FRHL D E0.18 0F B0 @ oo WREAZ M 0.3 0F PN
THERHOCOUPLE RANGE *1) ' CURRENT QUTPUT? -
REBRBLY | £(0.1% OF FSEidigit) s RE/ICAT .
RTD RANGE s 20000 egrmal” hormaee puser 1av sk R ,GO0D
PVIRVISES TOWEFEW@e0 g goop | WIMT IREALZZ B G RMRD
mV.V RANGE : : VOLTAGE PULSE2
TYPE KGL)  OCEI.TCHA ¥ LA
BE(OW UC£1.7C £ ,GOOD RELAY CONTACT!  NOLKC 7® >3y B<.GOOD
U —3EA2 ¥4 NO-CONM, NC-COMM -
EH B8 - - RELAY CONTACTZ T
ITEMS RESULT . =X h 4770 200 OC .
i & o TRANSHIT OUTPUT £ ,GOOD -
APPEARANCE ' , l-z—a)ﬂﬁ LPSER | 145~16.07 = oD
RRET, L —BRLHET i itps oUTPUT | ; . !
UL~1gd — £2E<RETM |\ OTHERS ;TRPUT TANC ST -
BETWEEN POWER.RELAY AND oTiers  2%+GOOD % -2 7 e TC INPUT RANGE F,GO0D
BRER 220HQ /500 0C . BURNOUT ACTION TRIOAAL LT = GO0
INSULATION 7 —RERF — RFEF, L= : . JFOR NPT WD WUT aace L, ,
RESISTANCE #E&MIF), 7—REE < LETFM : EREEENNCE ;
BETWEEN GROUND AND OTHERS R,GO0D iVOLTAGELESS CONTACT INPUT(25) R,GOOD
Z20NO /500V 0C - EEEECer I T
BRET, UL -BALIRT ¥ {ALARM ACTlOﬁ]N{ éz:: or 30) ' ;
YL — A — LERCLHTM - ¥ - ;
FIRE  BETHEEN PONER.RELAY At omers o< +GOOD DISPLAY AND KEY'INSPECTION R, GOOD
YITHSTAO 2300V AC /1min '
VOLTAGE T —Rim¥* — BEsEF UL — *7ia AR g 2
RN, P-RERCERTFM ooy OPTIONS RESULT
BETHEEN GROUND AN OTHERS ' ETy-mmYd LABCHEEE . ___
1500V AC/1min + HEATER L{NE-CUT AULARM CURRENT ACCURACY
" tes 1 DIGITIERS<H/ I E{ DIGIT NEANS WINI.DISPLAY UNIT  iRSABSHIEA » ¥ —7 = 4 RERERE _.______
TYPE B.S.R  1+(0.15% OF FS £1digit) RS485 INTERFACE TEST
- TYPE 8 0~400°C D #5E : (5% OF FS +1idigit)
RANGE OF 0 TO 400°C
- TYPE R ::(0.20% OF FS *1digit)
- TYPE K.J.T.E.L,U 0CELIF:£€0.20% OF FS %1digit)
("C OR BELOW
- PR20-40 :=+(0.5% OF FS1digit)
(8L ,BOUC (LIS A
 ATHASI DR S, ERESBRISEEEET.
FOR THERMOCOUPLE NPUT, THE VALVE GIVEN INCLUDES
REFERENCE JUNCT [ON COMPENSATION ERROR
£2  ~150~150°C DL o1 £ (0.20% OF FS +1digit)
* RANGE OF -150.00 TO 150.00C
3 HELLSOBEEEHS
{NCLUDE ERRORS OF THE RANGE FOR MEASURING
+4 - UT350/320-200 D HHBLE T
B CORRERRRUTIS/UTIOC THETT,
a4 =RRE - BE .
DATE 1999-03-16 AMBIENT TEMPEHUM. 21 C 25 %
£8. - s
ﬁéip?cmﬂ YANG YONG MIN f;FRﬁ\IED BY KWEONSUNGI " § YKO

YOKOGAWA €@

QIC-5D1D01-01




Model 353B03 General Purpose Quartz ICP® Accelerometer

The Model 353B03 is a quartz shear ICP® accelerometer designed for general
purpose measurements. It has a sensitivity of 10 mV/g. The quartz shear-mode
sensing elements reduce sensitivity to adverse environmental inputs, such as
thermal transients, base strain, and transverse motion. The Model 353B03
features a side-exit, 10-32 coaxial connector. Its frequency range of 1 to 7 000
Hz (£5 %) makes this sensor an ideal candidate for general purpose vibration
measurements such as vehicle studies, product qualification studies, structural
response tests and vibration control.

Model: 3563B03 General Purpose Quartz Icp® Accé-l'erometer, 10 mVi/g, 10.5

|gm

Voltage Sensitivity (£5%) 10 mV/g (10,2 mv/[m/s?]) ‘
1 Measurement Range +500 g pk (¢ m/s? pk)

Frequency Range (£5%) 110 7 000 Hz

Mounted Resonant Frequency > 38 kHz

| Broadband Resolution

0.003 g rms (0,03 m/s” pk)

Operating Temperature Range

-65 to + 250 °F (-54 to +121 °C)

Sensing Element

QuartzShear

Size (hex x height)

0.50 x 0.81 inch (12,7 x 20,6 mm)

Weight

0.38 0z (10,5 gm)

Electrical Connector

10-32 Coaxial/Side

Mounting Thread

10-32 Female




Calibration Data Card
SHEAR ACCELEROMETER

mobeLs. 3S3RO3I
SERIALE___HOS2F

——

VOLTAGE SENSITIVITY: 2- 80 g mV/g
(=700,

FREQUENCY RANGE:_[ = 0 H;
OUTPUT BIAS LEVEL: A v

Date://'zé '&By: ’/_g -5

For further information please refer to
Calibration Certificate.

CECB PIEZOTRONICS™
Shock and Vibration Sensors Division

3425 Walden Ave « Depew, NY 14043
888-684-0013
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PIELOTRONICS ¥

CALIBRATION CERTIFICATE

2028
2858 Date: Y1699
Force Sensor By: Ron Stevens, Cal.Tech.25

ICP - Station:  0-10,000 |b. Load Cefl

THsitivity':  0.521 mVABF
earity':  0.98%FS

. Cert #: 28284
FZero based, least-squares straight fine.

gfes:
Hhis sensor is cafibrated with a beryllium copper stud. The sensor is preloaded to 20% of the full scale wor‘rqng range prior to calibration.
“Lalibration Is traceable to NIST and complies with [SO 10012-1 and farmer MIL-STD-45662A.
I\IST traceability through project # 822.07/256377
¥ Th(s certificate may not be reproduced, except in full, withaut written approval.

8900 - - - . TEST DATA
L NBUT OUTPUT
: T sF) V)
5000 it L 2000 : 1600
: 4000 2050
A R : T 6000 3160
- SRS T T : 8000 4150
e o : BN 10000 5260
000 - e mm e e e e

0 1000 2000 3000 4000 5000 6000 7000 8000 9000 16000

INPUT -LBF

PCB PIEZOTRONICS, INC.,
3425 Walden Avenue, Depew NY 14042
Tel: 716-684-0001 Fax: 716-684-0987
Email: sales@pcb.com Web: www.pcb.com

{SO 8001 CERTIFLED



CPCE

Modef: 2028

Serial #: 2860
‘Description:  Force Sensor
Type: [ce -

Sensitivity':  0.511 mViLBF
Linearity": 0.71% FS

I Y ol P S P YN TP P  1T

IELUTRUNILS

CALIBRATION CERTIFICATE

* Zero based, least-squares straight line.

- Notes:

¥ This seasor s calibrated with a becyllium copper stud. The sensor is preloaded to 20% of the full scale working range priar to calibration.

Date:
By:
Station:

Cert#:

2 Calibration is _traceab(e to NIST and complies with ISO 10012-1 and former MIL-STD-45662A.
3 NIST trau;eablh‘t)( theough project # 822.07/256377
4 This cedtificate may not he repcaduced, except In full, without writtenapproval.

OUTPUT - MILLIVOLTS (mV)

42193
Darvel Oft, Cal. Tech, #8,
0-10,000 [b. Load Call

32238

L DN

6000 ———
R R TR SRR ey ¥ gzi-lu };ji: T TEST DATA
U S IR EED RS RN i L it (i
RSN AR RN AR RN R AR S AREREE WPUT OUTPUT
T NN RS AN N EARE XN N IRESERER (LBF} (mv)
IR N NN ; IRERERET 1 2000 " 1000
5000 —Lif . B i : 7” 4500 2010
T HB HE T 6000 3040
IR R : 8000 4090
] L A 10000 5150
4000 e i IR EREEE :
: : o Al '
i : ta . 5/:
3000 - mm e '
- T A,
——— . / .
2000 cm e ) ' i
s R i ) ! .
B, P R :
1000 —— i =
Nl N : :
R AN i RN RN
/ X T — R T
0 L o i _
o 1000 2000 3000 4000 5000 6000 7000 8000 9000 10000

INPUT -LBF

PCB PIEZOTRCNICS, INC.
3425 Walden Avenue, Depews NY 14043
. Tef: 716-684-0001 Fax: 716.6849987
Email: sales@pcb.com Web: www.pcb.com

1SO 9801 CERTIFIED




(/4 (F) L YAAAR| Lo
-For the People, To the World

=t M@, ST AR RR

PAS - 9009

Feature
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5
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Specifications

> Model g : PAS-9009
> Type : Absolute angle, Analog Output
> Range : 0 to 90 Deg.
>  Sensitivity : 30 mV/Deg.
> Power Required :5VDC, 200 mA
> Shaft Diameter :6 mm
» Pin Assignments ( 4—wire Type )
o Green : Signal +
0 Black : Signal -
‘0 Red : Power Supply + (5VDC )
o White : Power Supply -
Dimensions

30 57
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FYNFRIANE | AV BRIMNE | EESBIAMNEE INIS FAZ=

KAERI/TR-1598/00

A /7 AAAAAE] ANA/FZ2E A8 71emd

AT AAA/RAS

(TRARAS FXHAH SRAZ (A AZ|&NLH)

A 8 7MY | A AN SVG@I=AZRI|ISAEANEE)
e8| 4 | AP FEdAH L Ta gy 2000.06.
sl o] A} 33p EE | d3(Vv) 830 ) | 27 19X 26cm

FA3A | 2R FARAFA FZ27)EATAA

HEAR 1ZACY ), dgu( ),_F¥d | RaXFF - 71eRAA
T8 AgHz

ZE(15-20&9))
BE2g AdaIFANAM AAHRE dEFE0] 0T 2 FUFe2 JFAAE
FRSIEE slo] dr3EIY WAARr EFHES dn, BF A4zAEA e
AA F2EE BAA ste V15 E e YFEFEoIY 2T AAFZAE MNLst
7l fEiAE 2dE ARFAAA N d JA/FEREH AeAES T3 AAAAAY BF
o] 4FEojof atn, wetA oo Wi APAANE HHY Yart Jv B BIAgAE
AAAZ AR AAF] BEJAE, AXA Y FIAE 2 T4 FAAEA o3
7€t AR AAF EQANEE AT AIFAE eI E AHEEA L,
@9 Ao AHe AAFXT nAHIT steA R AFA dHe I de TS HS
3t SIS Adstn AR AAAY A FSAEE AT AYFAET ¢S
FAP7E AR AT, @Y B3 qFF S sttt o diF dF S de dedE
AT He HEH. 28ln AAA Y 4 FHANEE A48 AFFAe AR F3F
g3 AfFst FAAGNE TH3}E AFS FAs R AR 53] DAY FAHA
drie x99 =7t AAFHo o] s LR 129 #F FdAx AEE
T8 + A A .

FABIAE (24T AAAA, B54A8, 3-89 A=, B3 FFLE, AFdst
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cooling water, and protects the system from an external impact load, such as
earthquakes. In order to develop the spacer grid with the high mechanical performance,
the mechanical and structural properties of the spacer grids must be extensively
examined while designing it. In this report, the mechanical/structural test methods, i.e.
the characteristic test of a spacer grid spring or dimple, static buckling test of a
partial or full size spacer grid and dynamic impact test of them are described. The
characteristic test of a spacer grid spring or dimple is accomplished with universal
tensile test machine, a specimen is fixed with test fixture and then applied
compressive load. The characteristic test data is saved at loading and unloading event.
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impact hammer. Specially, the pendulum type impact test machine is also possible
under the operating temperature because a furnace is separately attached with test
machine.
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