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Frquencles and amplitudes o f  v3bmt30n in the  f’ual assembly Par 

t h e  High FZwr Re~ctor have been measured, 

to be hsPgnPfIcant;, 

The vibraC3ans are consider& 

Pressure d3f“fsrences befiwsan annuli of t h e  aasamb2y 





Q 

The expsrfmenhl d a b  s h m  that the fuel assembly fias adquatee 

strength to withstand the vSbmCS on stresses The greatest dePlections 

observed 9n t h e  ~ l a Q o s  of an nssenbly 04 currenk des5gn, about 0,6 m i l ,  

correspond to stresses t ha t  are abcmt one fous+h of t h e  yfsld st;rength, 

and deflectlona in other parts of the  assembly eorrespond to even lower 
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The literature provides a very general approach to study of 

vibrtitjon in -the fuel. assembly, 

fn periodicals were %.nvestSgated 

w i t h  t k e  vtbrat5ons of nnachinsry beertusc, af t h e  relative ea88 of 8?&4lysib 

and mu421emtjiclnl treetment h such cases1 W e  very large number of 

exciting forces in a turbulesn% Pluld stream m d  the very large number of 

degrees of freedom in tFo assembly make 1% appear unlikely -khat a meethe- 

matical solutfon OP correspondingly simple experimental correlation of 

Searessll textbooks and numerous articles 

but %hey were predominantly concerned 

vibmklon in the ssaembly can be found, Almos.8, all of t h e  usefilM-kem- 

%we data are contained in J ,  k, Den liartog*s lecbanical Vibrationrt (.I.), 

Vibrations become s4gnifhcant wben small forces are able to sup- 

plement one another to produce 1-rgs fomes claus9ng otherwise unexpected 

stresses and stmfns., In ather W O F ~ S  sQnWicawt vibratiom OOCUT when 

~*sso~ancc) conditions of some kind ~ 8 ~ 1 s ~  large periodic exciting forces, 

OF when smll exciting force8 are in resonance with mtwal frequenco2ee 

of a vibrating body, or both, S h e a  no large pePhdie exetthg forces 

are wpectsd 2x1 tFe  fluEd 8$rwm of the E2gh F l u  lRe~c%'or, signfffcant 

vibrations are expecte8 tc9 oce*ae only when there $9 resonance between t h e  

exctting fomes and t h e  mtwral! frequencies of t3e assembly, A1P;hough -%e 



C 

which sDecPaL atttsn4;ion shcs ld  be directed in experhenfa. 

Stresses causs? b:* vibration m y  be deternnined from t,he experi- 

yield strengi$ of 2.S d ~ a d  so f t  aluniimm, snd assuming +he deflect!on 

noint dsflaet i  ons aye: 
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through Q s!-ort length of rubber tubing cemented i n t o  a rubher d h -  

phragm nade of tire ~ 3 t ~ k  Zng m,terial, %k.e diaphragm being seeurd 

under 8 t k j n  flange serewed Lo the Pbalderc 

urement were bore6 and flttec? to conper tubiny running to W e  pressure 

gages, The pins fa r  vibretlon measurements were soltd and attached t o  

the vibrometer by a soldere4 jofnt,. 

pins on t h e  assembly, 

pins 3. and 3 were on +.+e centpr 14ne c p  t% active plate ,  web %welve 

fnches from t h ~  mid-point,; and pins 4 ,  5 and 6 wore on t F e  center line 

of %he aide plate, respectively, opposite tbe pins on the fuel plirtte, 

"he pins f o r  pressure mew'= 

pigure 3 skows t?e loetation of the  

kin 2 was at, the mid-point of the fuel plate; 

Several other arrangements for senling the pins ware considered 

but sere &own t o  he wsat.4s~acLory. 

air Laeks containing t k e  measuring tinstriiments 

w i t ) .  compressed a i r  hack pressure,> 

Tkese included Sglpbon bellows, 

rind close-fjttlng slaevse 

After trfal. of' s w e m l  types oq Instmmmts, 4 t  was found t h a t  

t b e  vibrat5oons to be measured would probably lie jn tShe range o!' 0 t o  5 

mils def lec t ion  and 

frequency, An arrsnpnenf-, ?IncZa;rdin,y 4 Bvey Vfhrorneter was fPnn71y 

seleete? as W e  psinci-pal vfbratq on measuring device, 

shou-t 1M to several t.kcc?us;!nd cycles per second 

The Dlavey V%brameteT Js shown dfagrammtically in FTgure 4 ,  The 

motion of t h e  vibrating body wn.s t~rens!rit%sr? Wrougl- +he soldered wjre 

ConnecQdon t o  Vc3 rrmeden~c~l Zlnk~ge  operatfng 4 wire wound around a 

sFsft to whf~kl  1 9 s  .i.P;'tacbed R alrror, caiis3.ng IJ-c mirror to rock, 

from a slit, $Iliiminst~c? by 4 f'LasFlliep.tl bulb was ~efXrctw3 +'rot:! t"c rock- 

3ng mirror t o  P, s ~ m C  rcfrrsr am7 %ken t,o R c a l i b r a t 4  scale on a ground 

glass screen, 

Light, 

Amp%.lt,ude, but not fs@queneyv, 0:- vibra t fon  may be obsemed 

v l  suelly 0 



-9%- 

c 

f i l m ,  

amplftude, 

"he wave recorded on the + Y l m  could BP snalyard for frequency and 

The f l l m  drive an6 vibrame$tl.r were mmportrd on sepniate 

bracket8 attached -to t h e  holder, 

Steady-pit& sounds emi t ted  by +he assevbly .ind audible through 

t b e  holder in some Cases permit cUe$ s.upplementaejP frequency rnensurements z1 

An ordf nary telephone receiver wt3s connedxct $0 a Hewlett-Paebr6 audio 

oseillaCor, 

t 'ro two tones, and tke frequency of tl-e audfo oscillator was mtehed 

with that of t.he assembly, so %).at -the 2ssemhlT frequency cauld he read 

from the dfaX cf' t.Fe m d ! o  osc i l l a to r ,  

The pl-one was held close t o  the  Fo lde r  for  coqarfson of 

There WAS no way to assign the 

observed frequency to any pa r t i cubr  part 09 %be Rsscrnblgr,, 

Several. other devices were trid and found to he unsuitab3.e 9 . o ~  

t h e  vibrat? on measurements h G<F VXbmt'ion Velocity hleter, which 
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A.Bt’romgh these two equqti ons apply t o  d i f f w e n t  shapes t k e  correspond- 

ence is so strilrjng s s  to offer  condncing ariderne tha t  the skeildhg 

of‘ vortices from tbe pla te  ends causes 8.11 e x c i t b g  force in t h e  f l u i d  

stream w i t h  frequency p r o p f l j  ona l  -to the water v e l o c l t j ,  Consequently, 

, 
have peak values In t h e  ranges from 24 to 3” fee& ~ e r  second m d  from 

35 to 37 feet per seeond s9ater vsLac’SLy, 

made for mcerb%nties of measurement and c?alcula+,:! on, these ranges 

If‘ sufficient ellowanca is 



Pressure drop in the f ixi l. assembly were measured between poinka 

shorn i n  Figmas 13, l.4 and 15- 

C Q X T O C . ~ ; ~ ~  for  gage errom an4 differences of elsaration, 

All data reported 3.n the  tables have been 

'FOP a typical assambly of the TD-SIB t ep ,  pressme drops a m  

shown in Table 7 and tam platted i n  Figure 16 Sime the assembly was open 

at tho plaGe ends, it was suf'ffcient to exbend pressure taps only as far as 

the charinel outside tho assembly- The excessive clearances around the 

assembly h the Lest holder cameed the vdocBty i n  the end boxes to he 

greater than %he design veloc5d;y for the sane veloc3.ty %hrough the pl.stes, 

thus causing ea error fn t'ne measurements of the ovs~a:,1 pressure drop, 

The comected averall drop a t  any velacity is estimated by adding La the 

masurd drop across the plates, the pressure drop Zn tho end boxes a t  a 

velocfty redmad by ratio os" the act-ml? and dosi??a CTOSS sections of f h n  

L b O l . ~ q h  ths pleates, 
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these conditions are; 





X b e t k  Energy Changes in Assemblies 
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Apprmch channel 

Exit channel 
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Lucite window 

Pins for vibration 

meosurment 

Figure I - Fuel  Assembly  Holder 
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Ground glass scale 
Soldered 

Pin connecte 

I 

Visual  measurements 

Motor driven 
photographic film 

Cylindrical 

Recorded  measurements  

Figure 4-Davey Vibrometer 
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0 f t  pOr SOC. 

20.4 ft p e r  sec 

25.8 f t  p e r  sec 

30.8 f t  per sec 

36.2 f t  per sec  

41.4 ft p e r  sec 

Pin 2 

Pin 3 

I 
4 Pin 4 I ,  
I 

Pin 5 

(ID - 0 - 0 .= - - D 

3 -  
Time Scale ;=- 'I T h  S e C T  T i m e  S c a l e  

E: 4 Approx. 30 f?  per sec., Var ious locat ion8 Pin 2 ,  Various velocities 

Figure 6- Typical Vibrographs, Assembly 47 
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Figure 7 - Amplitudes of Vibration in Assembly 22 
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Pin 6 -  Trailing I+-- End of Side Plate 1 I 
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20 22 24 26 28 30 32 34 36 30 40 42 

Velocity in Assembly, f e e t  per  second 

-0- Maximum total amplitude 
--X- - Va r ia b I e f re q u en cy compo n en t 

Figure 8 - Amplitudes of  Vibration in Assembly 22 
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Figure 9 - Amplitudes o f  Vibration in Assembly 47 
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Figure IO- Amplitudes of Vibration in Assembly 47 
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Figure I I  - Frequencies of Vibration in Assembly 22 
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Pressure gages:  
I -I IO" IPS - 

\ Plates 

2 

f3 
12" 

4 + 
'i, 6 

Figure 13-Location of Pressure Taps 
for T D  118 type Assembly 
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Figure 14-Locat ion of Pressure Taps 

for  D a t a  in Table 8 
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IO“ IPS r‘ 
Figure 15-Location 
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gages : 

fo r  D a t a  in Tables 9 and I O  
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Figure 16. Pressure Drops in  TD-118 type Assembly 
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Figure 17-Pressure Drops in TD 271 type Assemblies 


