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Abstract: Fretting wear behavior under elastic deformable contacts was experimentally examined by using a simulated
dual cooled fuel rod and its supporting structure. As this fuel rod has larger outer diameter than the typical solid rod to
accommodate sufficient internal flow, new supporting structure geometries should be designed and their reliabilities (i.e.
vibration characteristics, fretting wear resistance, etc.) are also examined with both analytical and experimental
methods. In this study, the supporting structure characteristics and fretting wear behaviors are analyzed and examined
by using one of the supporting structure candidates which has an embossing shape. The supporting structure
characteristics were examined by using a specially designed test rig and their results were compared with that of
analytical method. Based on the test results, the relationship between the supporting structure characteristics and their
fretting wear behaviors was discussed in detail.

24w Aol wel WA A8 >

LMz YD ok B AT F b 2xgs gol

g Wgo] Jheelthy, HEetsS 22y Aol

o8 wbH(Fretting wear) AR T oAy} e AAEHM ZEE u}ﬂéol zleggte] )
Aoz 2o iy HMYE sEa d2e 3 PEZo Frhke AFskee AR o]oA
wsl= Ao dstz 7 AdE 4 gk AFSAGE, Adske 3 Al vy W F)ol

guiron T BA} AE u AAd wE Ax WA He HFTHom vwiEAEolY ]yl
Apole} Fw .fgrz:;g Aol SAEA Agets VF= PIHTh oI diEARl  «rb A
Aowm aHA4 9oy, whdol AT wap | TEEY F& G5t Y Tl il AdsE
A= sk O‘ZH Asd 2wl g ZHE P

FARA A= 9 = sk Ak
§ol =2 2000 A% Al 9 AR FASEWs AN AT Fet =8 A4
(2009. 4. 23-24, A|F]) FH =T S dREor 3 N =

Hee 3
8% TEVE Fo| sz
1 Corresponding Author, leeyh@kaeri.re.kr A )l a2Eu 1 3= Ydee] mE §&o g




50 o] o & -

Qe MAE = F-4 7275 (Flow-Induced Vibration,
FIV)> A5e3 ol AA|eh= AAAAA 2328/
dZ AbolollA Yy whEEgS BAYAAY dA
A% 7HE Tasgk dspr|+=2 1A% Qi) o}
A ol & AAstr] 98 Yo R HEATS &&
g ohekst Ak AXAA ~xES AEsigl o
ol& A&3sAY A= AL MY Foll ATk

H Bol AFEY dAHYHALY 2IALE
1As ARE o]Fd7 ¢l E (Dual-cooled fuel)®
Ffgto] F=rIAH AT Yo APw o Qe o] A
5o AHe "ol 38 IS 7 WeH=E 9
Zk7F Ayzb, dldge] A7 W) wito)
A FH37 9 kA o] itk Aoth® 1
Hu AsE A4 2 FA Sl wEt o] & A A|s)
= TERAY] Ade A F& AgHA}o]
=Oo = Q3 7]E A8 dHed AEH XA AAA
of 7|BAANIE T3] S83A X3t ol
Atk weba 7]EY] AA AR A b= HdE oE Al
28 o] AR F2AE Aok s, ool u}
g} A A F2A 7Y 7EA ok k= 741 548 A
Al Fw3] HES|oF s}

2 ATl = oledd Adses AASH] 9
gl Akl o T AAFEA T AEA
(Embossing) 73S HAFSE XA LZAE 0]-&51
2 npEAIES St BARE AxE o] A
S sA H AFAHom xAbEglon, ZHE
g Fgol A UERd st 9 HAEE EA5H]
theFst A4S T AAFRA R 84S
wakait.

1o XN

2.1 BAF AZE AH
et kel o] Ak A A FxA|= dl4 o]

Fig. 1 Schematic view of a simulated supporting
structure for a duel cooled fuel rod.
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Fig. 3 Fretting wear tester for the room temperature air
and water conditions

Fu5g olgate] 10° Aol 2
S S § npdEAL B
SEEE AESET AR Ay e He
shdge] WaE BRSNG. B AR JE A%
ARA EJAH ALL3S A E

2 olgsgon Ao WAwstE s8] 99
2| FurS wgksle] Ald o] AFAL A AT T
A% obd 492 Fig 334 Pol gl 20 2
xe 9 gEe] bRyl Ag 4

BARE olSelo] FAsHAT AR
I I A A L

23 A|é{ X-Ijq.

BN rE

shelth. Ferdn g 2 Ev 2EAE of
ARY AW FHE vhEAe] 2] % B
vl Zlo] % nhES WESc

op

oY vEAEE $9s] Aol w47
TFaA 2xY AR SFAs S4NES 59
sfol A4l Agel AgHE ~2Y A e A
FWh ofu) mAE 23 AH] FHE AT
g adz Ags Qe BFe Zdy vhEs
Fol AW BEHF] WAT Yol W= F
2 APl FAA oA FEF <t
Fol o% WA 2xY AWe] A4WY BHE
B0k S| dEeld. 2 vaNge 5
3 H opAECIA 5 Bk 23 AHS SAstol
Lol AR A ARG G2
2 5
g

2

=

—— o = =

WAl 2] 54 CuBe FEel T @
% AguEe AAnAdA A48 ane Az
oz T }E 2zy 54 A4AA WY
oz st olE AP PFF Bas} Ut

51

Fig.4 (a) Finite element analysis of Cu-Be plate for
simulating the embossing type supporting structures;
(b) A schematic view of a characteristic tester
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Table 1 Comparison with analysis and experimental
results of simulated embossing type supporting

structure
Thickness Analysis Experiment  Error
05mm  344Nmm 321 Nmm 6.7%
1.0mm 2469 N/mm 2525N/mm 2.3%
l4mm 7463 N/mm 7269 N/mm 2.6 %
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spring stiffness increase (i.e. thickness of Cu-Be

plate)
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Fig. 8 Schematic view of typical friction loop during
the fretting wear tests.
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Fig. 9 Friction loop analysis in the fretting wear results
of the simulated supporting structure.

(A A) Av 119 (Gross slip)e] -Al8kAl 283}
wpdo] w2A Hast olef= gl wWHo
SEEA) 2 v 117 (Stick slip)e] $-A| 3]

Agstel vhd Ege] Aop AL Zey v mol

NN @ )

g Aol SAEA Bk B AFelN w
AR T TEA RS o] §ate] AW S
shele W uehd EHQ) wHERAL Fig 9 of
deiglen Fa el 7 woizl BAPYE
M e & Ak

AgA A 53
o213t Bt AL w1y W} ﬂtﬁomur =
249 v npEEFEHAGEE)0] HY S H Akl
ek Eslal 7Hzb gasiAYy %7}0}% 74 gFo]
HASES ojujdlt), o]eldt AFe 7|E ddAdRES
A A&z AR AR} 23] Ty upE 2 g o)A
Uehs A4l dafoltj0 ujgla B 2ge
Aew AA|FEA| AlPGHLS olFzt AR
Aed AAF2A EAS F BEAlsta 9low, &
Ao o3k HEHeMe] Ly npEAE mdt
A AR AR A=A A Aoz o e
olo] ujz} &F sutE kst A F2A FAS
ARHos AT uf, BAF 23X Al H480
2 AIARE AF Al 1R YnpEAl S Hrie
T U Aow FdEY

ol dAm = AAET] s AtHE o
2 7HA AA|FEAFAA ) E Y (Embossing) &
de BARGE 23 AJHE o] gste] T Y mhd
Ads st ZH ¥ vhd A3 6]
Aol AAF2A EAE 1A 2 dFos HFs)

om 7|E8 AAAR 22y B vud uf
UH—?‘ AR 235 Holal vk duE AA
2 27 =7t wE Ynphd EA HoA 2R
HE 2y Aol Frtekel whel npE R 5
7vete AdEs YL}Q}% T ARew QA 540
g mpEgare] Aol fAlsHA eSS
s 3733’4'?':‘ e EE AATE
Aol Wrbd 545 AEs] Fotd & e 72
AeE &8 5 Adrh

7|

fo

O] L 1__ \__ —u—_":fj”]'a]-7] O XH ‘%]_gi }\] 6g '8]"1:
S atebA o] 1Ak 715711%4@ o7 Ak
SUth (AFIA e = M20706020005-08M060
2-00510)

ikl

P

Ao
o

(1) Jiang, J., Stott, F. H. and Stack, M. M., 1998, “The
Role of Triboparticulates in Dry Sliding Wear,”
Tribology International, Vol. 31, pp. 245~256.

(2) Sauger, E., Ponsonnet, L., Martin, J. M. and Vincent,
L. 2000, “Study of the Tribologically Transformed
Structure Created During Fretting Tests,” Tribology
International, Vol. 33, pp. 743~750.



54 O] o 5 -

(3) Olander, D. R., 2008, “Light Water Reactor Fuel
Design and Performance,” Encyclopedia of Materials:
Science and Technology, pp. 4490~4504.

(4) Ko, P.L., 1997, “Wear of Power Plant Components
Due to Impact and Sliding,” Applied Mechanics
Reviews Vol. 50, pp. 387~411.

(5) Kim, H.-K., Yoon, K.-H., Lee, Y.-H., Kim, J.-Y. and
Lee, K.-H., 2007, “Technical Challenges for a Dual-
Cooling Fuel Structural Components,” Transactions of
the Korean Nuclear Society Spring Meeting.

(6) Hejzlar, P. and Kazimi, M.S., 2007, “Annualr Fuel
for High-Power-Density Pressurized Water Reactors:
Motivation and Overview,” Nuclear Technology, Vol.
160, p. 2.

(7) Kim, H.-K., Kim, S.-J., Yoon, K.-H., Kang, H.-S.

and Song, K.-N., 2001, “Fretting Wear of Laterally
Supported Tube,” Wear, Vol.250, pp. 535~543.

(8) Ganesh Sundara Raman, S. and Jayaprakash, M.
2007 “Influence of Plasma Nitriding on Plain Fatigue
and Fretting Fatigue Behaviour of AISI 304 Austenitic
Stainless Steel,” Surface and Coatings Technology, Vol.
201, pp. 5906~5911.

(9) Fouvry, S., Duo, P. and Perruchaut, Ph., 2004, “A
Quantitative Approach of Ti-6Al-4V Fretting Damage:
Friction, Wear and Crack Nucleation”, Wear Vol. 257,
pp- 916~929.

(10) Lee, Y.-H. and Kim, H.-K., 2007, “Effect of Spring
Shapes on the Variation of Loading Conditions and the
Wear Behavior of the Nuclear Fuel Rod During
Fretting Wear Tests,” Wear, Vol. 263, pp. 451~457.



