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A Study on the Development of Tube-to-Support Nonlnear Impact Analysis Model
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Key Words : Flow-Induced Vibration (#-#]-f-#21%%), Tube-to-Support Dynamic Interaction(Ex.9} x| =]t} A}
o]o] F¥4&24), Nonlinear Impact Force(W} 13 $22), Fretting-Wear(u}d), Impact
Duration (54 A]7}), Impulse(37 gF), Equivalent Impact Stiffness (32 %7} 7}4})

ABSTRACT

Tubes in heat exchanger or fuel rods in reactor core are supported at intemediate point by support
plates or springs. Current practice is, in case of heat exchanger, to allow clearance between tube and
support plate for design and manufacturing consideration. And in case of fuel rod the clearance in
support point can be generated due to the support spring force relaxation. Flow-induced vibration of a
tube can cause it to impact or rub against support plate or against adjacent tubes and can result in
fretting-wear. The tube-to-support dynamic interaction is used to relate experimental wear data from
single-span test rigs to real multi-span heat exchanger configurations. The dynamic interaction can be
measured during experimental wear tests. However, the dynamic interaction is difficult to measure in
real heat exchangers and, therefore, analytical techniques are required to estimate this interaction.
This paper describels the nonlinear impact model of DAGS (Dynamic Analysis of Gapped Structure)
code which simulates the tube response to external sinusodial or step excitation and predicts tube
motion and tube-to-support dynamic interaction. Three experimental measurements-two single span
rods excited by sinusodial force and a two span rod impacted by a steel ball-are compared from the
simulation nonlinear model of DAGS code. The simulation results from DAGS code are in good
agreement with measurements. Therefore, the developed model of DAGS code is good analytical tool
for estimating tube-to-support dynamic interaction in real heat exchangers.

e

7l 2 4 Y / D TFAALe] Ze]
v AN T AR @ D A1 2be] Q) Abzh
g CEHAESE k T AU GE AA s A
mo Y A
*A3Y, FFUAHAFE A7) A Lok (M] 7=zE A3}yhd
smosta Fejst 7 AT [C] :7z=E9 33y

BILZHSSHEX A5 A 4%, 19953,7515



AdZ-eAy

(K] Fz2E9 7Asd Az S 43AE dAsle AAVIES A+, &

(U}, {0}, (U} : 7259 WY, 5 9 7/HE W By npdaks a3} A7) el Bt
{F} 7xE9 9o dwgr] ¥ dd5e AAGAdME FAFEA
G EEolWe 7 Eol @ a4z @ uhdel ek Yut sl
dF 1 9lEe] F% A "}, o)E AHEZT vpdE #HR HEE 27
AU AR ke FE gea WA Fush A G Alols FALEHEE
da e B g SR g oja st Wy, o]F FHAFIAES U
dv w2 o] &% o2 kel A3l (span) o] AFAARZ FE ofF A4
du  elA e W o] Awdls] &7 Besih, ey A Aa
o CAZP AN o] 27 A 7)ol e EHAEAES FAse WS oelrtA
Vo D Eelx e HESE AFzz] wfol el o fER, Al Wl
CEE s A4z 2tgal $AHE Fhele Ae] a7
AZEZ AW ) 28] AHellA o] THEx Frel xx|dAle]e] FHAFE AL FA 3t
o A 7AW =l A 2774 e 19759 %] w)ZE ANL(Argonne National
D . =& 8] & (Dynamic matrix) Laboratory) 2] Shin So] mA A el o] ZAlS o]&
@ B REFSAF spol Newmark-g 4¥uhol o8] 2H4e] sl %
ka 1 2742717} A (Equivalent impact stiffness) B} stope] F4Y sfAubgs Aty 2
E  :#&odg®e] Young A% ANLe] Ting £& 1979de] <% w4 R 3t &
le DR AR FAAA Y HEN-S 7 -2ths] 4-¢ modal expansion techniques) o3& -
Yoo vi @ AARZ] F F W A E stdnk®, 23 Avirle] Sauveel Tepere= %%
Fs v ¥ (Sliding force) 2 w4y ga g axe] 545 Pde 248 B
Fu : 4212 (Normal force) a3l y, SEHAAlS implicitybyel 2l A -Es)
Ci, C;:ise}l jpax =9 1A 7ha]A 4~ E g 19870 AEsl e @, 1988 el st
wi, w;. WA A v aF3EF v} AECL (Atomic Energy of Canada Limited) 2
Fisher 5-& #3te2d$ o &3 /Iy Frof &
1. M =2 Aekg AAbsle VIBIC codeo) W& AEE o &

2} 2] & (support plate) o]v} | ]
Ax)se} gt} olEe AIEL %
A zFAke] oS0 7 olg HEuil x| A}
ZrA o] EAsEE T2 sty dA oA
S5 olg Wehiel QAR AR
A 2=ze]o] whabdz el o8] A o
)

a2 g, #A A (flow-induced
Fug A)xlgelut ol%d Al Fuo
RelxA sl22a FHe| npd (freeting-wear) & o
7 Qlom, o] mpddEANe FHe} A A A

Ztelvd FAH =)ol ofs) AL wha, o]
FHe] Fagle] FHAX AL AL
o A}, o] FAHLE FEo A7t
dils oA FrHE Ay WE2s [E
< £7)5 g}, gl o]H HAHNA Eu dn
Fxo At dAFHE-E F27] slEAe

516 /32 A SXN=ZESEIX| /A 5H A 4F, 19959

Agze o] Az e ulaste] Faagd b,
¥ Ao A 1.1m ZHoje] AR Yol N sine

MIEE

3 DAGS (Dynamic
tructure) 5 o]-&3}od A AkgH
FAg Wg & Asdsle @

sisich Asdst FAAT A
o

w

Analysis for Gapped
CEECEL:
Al g .o

22

2 £

EER
9 FAek [Fato)
dAstgend, 2 A
DAGSS} 7 sjdmde oa
2s7] Fuot ddrge 46
+g galatgr,

e
& 2= A o
ol A4 F 3l



T E.2F AR Ato]o) wjAle FAS AR Lo By AT

Link Bar

\ Central Ring
Membrane

Screw W

Control Nut :\ .

Force Transducer

Fig. 1 Cross section of force transducer assembly

End Plug Spring g5 0.57

| @W\Y\/ %D

If*'*"‘— —t

1090.

Peller Cladding

units : mm

Fig. 2 1.1m length fuel rod

°l& *.:l‘*fﬂl P%EJ APAE=+= Fig 39 #

e
g, 2l & e vist o) ddnie o
I 9l Rl e ynz 37 93

obzd FAE Axtslgda, o
e AR RS YA
wof gl Zli«] 27l g AL oMz &
geglen, 2ME7 & 47) (HP35824) 9} A 4b7)
(HP9816) ol 2ja) AEAZE BAsly 7| &3t}
SR Y] FAMPS Y8 FAB R off R
= TR EgeR Al o& zolxlmEs X
T WA AR ola, AR Ay
(force transduer) $]x|oj4] Q3o 2 (.25mm
9] 7FAS ¥, #AFTEL 7}zl (mini-shaker)
of ofsl AnE] GReA Aol HE sy
o}

1) AREAY

1.1Im #Holo] sedggo didt FHEANL F3}7

1
1
f \\ Force Transducer
i

I
1 "
Amplifier
h 45"\\ 1 Shaker : Voltmeter
s, b=
Proximeter o
SlE e
o ([ s
Force Transducer y ! . . Generator
Assembly 1 : | [
Rod —f= by === — A Spectrum Analyzer
Vit Pt (HP3582)
. L
Caiculator -
HP98916 vl
Support —tie{- | i :
i | N Oscilloscope
H
! P | —
i
Time Recorder |
. S
Magnetic
Recoder

Fig. 3 Test set-up for dynamic characteristic and
impact test of fuel rod

Mini-shaker
Supported

Force Transducer by Screw

| §
L Force Transducer

Assembly
130 75
f—— - —— 725 ———»&-147&
‘.—————— 1100 —_— -
units:mm

Fig. 4 Fuel rod A

A8 Fig 49} 2 HAzAE g A gy (o]5
‘8 % A")-L 7}= 7] (LING Dynamic System
Vibrator 201)ell ¢]a] 29 Aluhel] 4] sine sweepe|
o4 AFAEAEE sAsdw, 2 A} Table 1

< THem, F712 Fig 58 e 7
AzZe] ddg8 (o] “d8YE B")o) dis) da
F=3) 8l Table 29} 2

AE5E 73 F ohee
42 FAAAT, Yol B 277 e
Agdle] B gy Fig 6o vhehd ups) 2
A== P9 4¥-L 429 (normal force) 3} n)118
% (sliding force) o] #Adele o 4= Qr}, a8lm =

ToZHSEEEX] A 5A A 435, 1995517

[0k



A A Ee %

2

A=

o T
Table 1 Natural frequencies of fuel rod A Table 2 Natural frequencies of fuel rod B
Mode Measurements (Hz) , Analysis(Hz) Mode Measurements(Hz) ; Analysis(Hz)
1 4.80 4.30 1 5.1 5.57
2 24.80 25.55 2 20.3 21.09
3 66.40 62.26 3 32.8 34.93
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lg———————— 1100 —_—
units:mm Fig. 6 Reaction forces during a tube impacts to force
Fig. 5 Fuel rod B transducer assembly
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i
&
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Fig. 7 Impact test results of fuel rod A
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Table 3 Impact duration and impulse of fuel rod A and fuel rod B

Measurements Analysis
Impact duration Fuel rod A 7.0x1073 4.16 X107
(sec) Fuel rod B 2.91x107° 3.78x1073
Impulse Fuel rod A 2.15x107° 2.49x1073
(N.sec) Fuel rod B 2.1%x107? 2.88x1072
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Table 5 Impact duration and impulse of 2 supported

fuel rod
Measurements Analysis
Impact duration
5x107* 8Xx10™*
(sec)
Impulse
3.42x1072 3.924x107?
(N.sec)
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