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0.0 ABSTRACT

Frequencies snd amplitudes of vibration in the fuel assembly for
the High Flux Resctor have been measured, The vibrations are considered
to be insignificant, Pressurs differences between annuli of the assenbly
are insufficlent to ¢suse huckling of the plates under ordinary conditions;

Fressure drops through the assembly have been messured.
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A study of vibration in the fuel assembly for the High Flux
Reactor was undertzken in order %o determine whether the magnitude and
frequency of the vibrations would be of such & nature as to affect the
mechanical strength of the assembly or the operating characteristies
of the reactor. The equinmernt bullt for vibration measurement wasz
also suitable for meassuring other properties of the assembly, such as
the pressure drop in the fluid flowing through the assembly and tre
tendency of the plates to buckle because of pressure differences be-
tween the anmuli. These properties therefore were investigated con-

currently with the vibration study.



2, CONCLOS TORS

‘ The experimental dauta show that the fuel assembly nas adeguate
strength to withstand the vibration stresses. The greatest deflections
observed in the plates of an assembly of current design, about 0,6 mil,
correspond to stresses that are about one fourth of the yleld strength,
and deflections in other parts of the assembly correspond to even lower
stresses, Two endurance tests lssting over 900 and l&OO.hours, respec-
tively, with design conditions of operation caused no failures in the
assemblies indicating resistance to the combined effects of corrosion
and fatigue well beyond the expected 500~hour use of an assembly. Fre-
quency of the resultent vibration was independent of water velocity,
with values between 100 and 200 cycles per second., 2 component with
frequency proportional te the water veloeity had a value at 30 ft/sec

of about 1300 cycles per second.

The pressure drop through the assembly at 30 ft/sec water velocity,

corrected for kinetic energy changes, was 28.0 psi overall and 16,2 psi
across the plates. 4 Lower Adapter Iiner, Part-3 of Drawing TD=258, in-

creased the pressure drop 4.0 psi at 30 ft/seec. Complete data are plot-
ted in Figure 17, |

Buckling of nlstes can occur cnly under very unususl conditions,
such as a combination of improper plate spacing, insufficient restraint
of plate ends, and brazing defects. Calculations indicate that improper
spacing alone can no%t cause pressure differences as great =s those shown

by static pressure tests to be necessary for buckling,



3. LITERATURE _AND CAICULATED DATA

The literature provides a very general approach to study of
vibration in the fuel assembly. Several textbooks and numerous articles
in periodicals were investigated, but they were predominantly concerned
with the vibrations of machinery because of the relstive ease of auslysis
and mithematical treatment in such cases. The very large number of
exciting forces in a turbulent fluld stream and the very large number of
degrees of freedom in the assembly manke it appear unlikely that a mathe~

matical solution or corrsspondingly simple experimental correlation of

vibration in the assgembly can be found. Almost all of the useful Htera-

ture data are contained in J, P. Den Hartog's Mechanical Vibrations (1).

Vibrations become significant when small forces are able to sup-
plement one another to produce lrrgs forces causing otherwise unexpected
stresses and strains. In other words significant vibrations occur when
resomance conditions of some kind cause large perlodic exciting forces,
or when small exciting forces are in resonance with natural frequencies
of a vibrating body, or both., Since no large periodic exciting forces
are expected in the fluid stream of the High Flux Reactor, significant
vibrations are expected to occur only when there is resonance between the
exciting forces and the nstural frequencies of the assembly. Although the
assembly has s very large number of modes Qf vibration, all but a few may
be rendered insignificant by the inherent damping effect of the material

of the assembiyé Some of these modes of vibration of the assembly can be
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predicted roughly b mathemstical analysis by considering various parts
of tre assembly as uniform beams, thus giving a range of frequencies to
which special attention shculd be directed In experiments.
Three modes of vibration which may be considered as those of a
uniform beam are calculated in detail in Appendix I. These modes, with

_their caleulsted frequencies, ares

{a) The whole assembly, sunported in the grids, vibrate
ing in the nlsne of the active plates,
282, 917, 1910, ... cycles per second;

(b) Tre whole assembly, supported in the grids, vibrate
ing in the plane of the side plates,
266, 864, 1800, ... ¢ycles par second;
() The fuel nlates, supported by the side plates,
vibrating in the plane perpendicuiar to the long
axis of the assembly,
1815, 5030, ... sycles per second.
Stresses caused br vibration mey be determined from the experi-
mental measurements of vihration deflections by calevlating the relation=
ghip between stress and daflection in the assemhly, Trese caleulations
are shown in Appendix IT. Taking a handbook value of 40NN psi as the
yield strength of 25 dead soft aluminum, and assuming the deflection

caused by uniform leading of a fixed beam, tre maximum allowable mid-

voint deflections are:

Plate 2,65 mils
Agsembly in plane of side plete 13.2 mils
Assembly in plane of fluel plate 14.0 miis



AR5 LK PFRINANTAL TOTIRETNT

The fuel assembly halder in tha Vibration Test Equipment was a
mockwup'of one channel of the Higk Flux Peactor, as shown in Figure 1,
Tre charnel inte which the assewmbly Flited was a heavy stalnless steel
frame with thick lucite windows on two sides and 10 inet IFS flanges
at the erds. Tre sockets supporting tre assembly, simulating +te unper
ané lower grids in the plle, were screwed to plates that were bolted
into tre flanged fittings at each end of the holder. Clearances around
the assembly were adjusted by use of shims serewed against the Inside of
the frame and different thicknesses of paskets undeir the lucite windows.
Fittings were provided in the frams and windovs for attaching instru-
ments for measuring vibration and pressure. * two=foot length of 4=
inch pipe upstfeam frow the assembly and *the 1=inech pipe dowmstrean
from the assembly were proportioned so that tre approach and exit veloci=
ties correspondad te %hose in the High Fiux Remctor with an average lesding
of fuel assemblies,

Cirenlation of water through the assembly is shown in Pigure 2,
Tater was pumped from a tark, pussed through an orifice meter, through
the bolder with the assembly, and back *to the tank, Vibrations from
the pump and cother machinery in the tuilding were isolated from the
holider Ly cusrioned suprorts Tor the holder and rubber hose connections
near eseh end of the holder,

Poth vibrations and pressures within tre assénbly were transmitted
to instruments ouiside +he tolder by interchangesble pins screwed tg the

L

plates or other varts of the asgembly., Faeh pin was sealed by prssing it



through a srort length of rubber tubing cemented into s rubher dim=-
phragm made of tire patching meterial, the dlaphragm being secured
under a thin flange screwed to the holder. The pins for pressure meag-
urement were bored and fitted to copper tubinz running to the pressure
gages. The pins for vibration measurements were solld and attached to
the vibrometer by a soldered joint. Tigure 3 stows tre location of the
pins on the assembly, Pin 2 was at the mid-point of the fuel plate;
pins 1 and 3 were on tre center line of the active plate; each twelve
inches from the mid=point; and pins 4, 5 and 6 were on the center line
of the side plate, respectively, opposite tre pins on the fuel plate.

feveral other arrangements for sealing the pins were considered
but were shown to be unsatisfactory. Trese included Sylphon bellows,
air locks containing tre measuring instruments, and close=fitting sleeve=z
withk compressed air back pressura.

After trial of several types of instruments; it was found that
the vibrations to be memsured would probably lie in tre range of 0 to 5
mils deflection and “rom about 170 o several thousend cyclzs per second
frequency. An arrangement including 2 "avey Vibrometer was finally
selected as tle principail vibration measuring device, -

The DNavey Vibrometer is shown disgrammatically in Figure 4. The
motion of tre vibrating body was transmitted trrough tre scldered wire
connection to tre mectanical linkage operating s wire wound around a
shaft to which was attached a mirror, causing tre mirror to rock, Light
from a slit illuminated by a flashlight tulb was reflected frow tre rock-
ing mirror to 2 s~coné mirror and thren to 2 calibrated scale on a ground
glass screen, Amplltude, but not frequency, of vibration may be observed

visually.
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Thre vibrometer was adapted to record tre wave form of the vibra-
tion by removinz ttre ground gluss screen, and focusing the’ligkt beam
by a cvlindrical lens orn a motor driven photgrapric film moving rerpen=
dicular to the motion of the vibrating point image of the slit, 7} neon
bulb oh a 60 cyele per secongd cirenit Tlashed 2 time seale on the moving
£ilm. The wave recorded on the £ilm could be analyzed for frequency and
amplitude. The film drive and vibrometer were supported on separate
brackets attached to the holder.

Steady=pitch sounds emitted by *he assembly and audible through
the holder in some cases permitted supplementary frequency measurements,
An ordinary telephone receiver was connected to a Hewlett=Packaré audio
oscillator. The prone was held close tc the holder for comparison of
tre two tones, and the frequency of the audlio sscillator was matched
with that of the assembly, so that the assembly frequency could be read
from the dial of tre audio oscillator. Threre was no way to assign the
observed frequency tc any particular paré of the assembly.

Several other devices were tried and found to be unsuitable for
the vibration measurements. A G.F. Vibration Velocity Meter, which
was used first, was discarded because it did not seem to respond to high
encugh frequencies. TFurthrer, it was so @ifficult to keep in repair trat
no further effort was made 4o adapt it. 'P prust Vibrometer of the piezo=
electric crystal type was also %ried, Tirst connected directly to & cathode
ray oscillograph and later connected to a G.F. galvanometer=type oscillo=
graph through an amplifier. Thte response curve of ite vibrometer was such
trat the amplification varied tenfold in the range of frequencies observed
in the assembly, making t'e vibrometer unsuitable for quantitative measure-
ments. Tre Brush Vibrometer did show, however, that no anpreciatle vibre-

tions cecurred with frequencies ahove ashbout 285V cyeles ner second.
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5.1 General

The assemblies tested were of two types, with zeneral character-
istics conforming tc those of Drawinga TD-118 and TD=271, respectively.
The individual sssemblies differsd from the drawings in various details,
most of which are indicated in Table 1, where the numbering system for
the assemblies is that used by Section IV of the Technical Ulvision.
Neither of the TD=271 type assenblies had full length ribs as shown on
the original drawing, and only fAssembly 47 had the combs as shown in
Revision 1. The side plates of Assembly 22 were 3 mm thick, and side
rlates of Assembly 47 were 4 mm thick. The fuel plates were 2S5 alumimam,
containing no uranium. Assemblies similar to Drawing TD-271 will he used

‘n the High Flux Reactor.

5.4 Yibration

Vibration data are rencrted for two assemblies, both of the TD=271
type. Data were gathered for other assembliaes, but are not as reliable
as thoge reported, and are noi applicahle to current design.

Vibration measurements werc made at six points on each of the
aazemblies, as shown in Figure 3 and descrihed above. Fizures 5 and 6
show half size reproductions of typical ibrograshs, indicating the
character of the vibwratlons. Tables 2, 3 and 4 show the results of analysis
of all the vibrogranhs inte frequencies asnd emnlitudes. amplitudes from
thase tables are plot ad in Figures 7, &, 2 and 10, and frequemcies are
nlotted in Figures 11 and 12. Frequencies measured by the audio oscillator

=

qures 1L

]
i
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4.

methad are shown in Tebles 5 and 6, and are aise ulodied in

and 12,



Mesurements made by tapping tre nssembly 2t zere water velocity
{Table 4) show natural frequencies ir & low range from 120 to 144 cycles
per second and a high ranpe from 680 to 960 ¢ycles per second. The cale
cul=ted values of netural frequency, as shown in Appendix I, are in very
poor agreement with the measured ranges; however, the nature of the cale
culations 1s such that the discrepsncy is reasonable, and the effect of
the disagreement is only to indicete additional ranges for careful con-
sideration.

Analysis of the vibrographs shows a definite component with fre-
quency proportional to the water velocity and the sudio oscillator
measurements show a similar relationship. ‘there f is the frequency of
vibration in cycles per second and V is the water velocity in feet per
second, Figures 11 and 12 show the approximate relationship

f = L0V
witE a diepersion of reliable values of the constant between 36 énd AN
Den Hartog (ref. 1, p. 350) describes & similar linear relationship in
discussion of the "Karman vortices.? He stated that the wake bebhind a
cylindrical obstacle n a fluid stream is not vegulsr, hut contsins
vortices shed alternctely from t“e twc sides of the obstacle in a regulay
menner, s=nd thet exrerimental observationg show the dimensionless rela-

tionst iv

where £ is the frequency of shedding of the vorticea {presumshly a pair
of vortices, one from each side, making a cycle! and D is the diameter

of the cylinder. Using for D the thickness of a plate, Den Harteg's equation

becomes
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oo 0.22V
T2 #5861 ,7’1{2
= 41V

Altbrough these two equations apply to different shapes the correspond-
ence 1s so striking as to offer convineing evidence that the shedding
of vortices from tre plate ends caunses an exciting force in tre fluid
stream with frequency proportional to the water velocity. Consequently,
any natural frequency may be in resonance with this exciting force at
a suitable velocity with the result that excessive amplitude may occur
st that velccity. Under these conditions the amplitude may be limited
only by the inberent damplng effect of the material in the assembly or
by restraint of the vibrating member.

In Assembly 27 tre messvured amplitude of fuel plate vibrations
have pesk values in the ranges from 24 to 30 feet ver second and from
35 to 37 feet per seeord water veloclity. If sufficient allowance is
made for uncertainties of measurement and calculation, these ranges
may be considered %o be consistent with ranges corresponding to meas-

ured and calculated matural plate frequencies, respectively:

Velocity, Fxeiting Heasured Calculated
fi/ses frequency, mnatural {requency natural frequency
evcles/ene cyeles/sec eycles/seq
24,=30 B0 =1 290 GEN=560
35-37 1400 1815

In this case, then, 21l of the expected frequenciss in the tested range
are accounted for, snd trere is reason to belleve that the measurements
include tre significant resomant frequencles. The absence of peaks in
the measurement of plate vibrations in issembly 47 is evidence that
sufficient restraint for prevention of vibration of the nlates is pro-

vided by ad@ition of the combs, end that they are necessary for that




purpoge. The low vrluez of smolitudes measured for the plates of

Agsembly 47 and the sids plates of both assemblies show that the assembly

as & whole is stable 25 designed,

| The greatest amplitudes of wvibration measured in Assembly 47 are

1.2 mils in the fuel plate and 0.8 mil in the side plate. At 30 feet

per gecond, the maximum fuel plate vibration is 0.7 mil at the mid-point,
corvesponding to a siress of 530 pounds per square inch, and the wiximum
amplitule at the mid-point of the side plate is 0.4 mil, correspciding to a .
stress of 57 pounds per square inch. The relationshins between stresses and

deflections in the assewbly are derived in Appendix II.

5.3 Pressure Drop

Pregsure drops in the fuel sssembly were measufed between points
shown in Figures 13, 14 and 15. All data reported in the tables have been
corrected for gage errors and differences of elsvation,

For a typical assembly of the TD-118 tyve, pressure drops aro
shown in Table 7 and are plotted in Pigure 16. Since the assembly was open
at the plate enda, it was sufficient to extend pressure taps only as far as
the channel outside the assembly. The excessive clearances around the
assembly in the test holder caused the velocity in the end boxes to bhe
greater than the design velocity for the same velocity through the plates,
thus causing an error in the measurements of the overa.l pressure drop.

The corrected overall drop at any welocity is estimated by adding to the
measured drop across the plates, the pressure drop in the end boxes at a
velocity reduced by the ratio of the actuval end desisn cross sections of flow

throush the plates.



The apecial aporoach channsl shown in Figures 14 and 15 waé DY o
vided for assemblies of ithe TD=271 tyne so that the approach and axit
velocities would correspond to these in the High Flux Reactor with average
loading of fusl asssemblies. fahular data for these assemblies are shown
in Tables 8, 9 and 10, and are plotted in Figure 17 with overall pressure
drops corrected for kimetic energy chanies. These corrections are derived
in Appendix III.

The effect of a lower Adapter Iiner; Part -3 of Drawing TD=258 was
deternined by measurements on Assembly 22 with and without'the liner,
Comparative pressure drops sre shown in Figure 17. At 30 feét par sescond
the overall pressure drop wes 28.0 pounds per squars inch without the
liner and 32.6 pounds per square inch with the liner, with both values

corrected for kinetic energy chanpes.

5.4  Buckling

Buckliing of & fuel plate occcwrred in the first assembly tested
and resistance of plates %o buckling was noted in all following tests.
the results of which are shown in Table 1. Buckling failure was character-
ized by bending of the flat plates or reversal of curvature of the curved
plates, s0 that one or mors channels were almost or evan completely closed
through part or all of the length of the plates.

The holder in which ths firat agssembly was mounted did not provide
gpacing around the assembly equal Yo the spaces hetween the plates; and
fallure waz ascribed to pressurs differences caused hy different velocities

in the unegual chammels. Preliminary calculations indicated an effect of

the proper masnitude.



Iater asseuwblies wors mounted with equal gnacing, bub nevertheless
buckling cceurred. 'Thoss cnses occurred at the nlate ends except for
one in whieh the brazing was defective at an intermédiate section. A
test was run on a Tﬁu’18 type assembly in which the thickness of the channel
outaide the assembly was increased until buekling occurred when the outsids
channel was 15.9 mm adjacent to a normal 3 mm channel. The pressure
difference at these conditions was caleulated to he 15 pounds per cquare
ineh.

Experiments by Allred and Ssvaze [2) show that reversal of curvature
cccurs with a pressure difference of 23 pnounds per square inch. Calculations

9

{3} show that such pressure differences ars not attained through friction
or Berpoulli effects at any likely plate spaecing. It is helisved that buckliny
is caused by aggravation of wressure differences at the plate ends hy
peculiarities of the flow pattern

Since Assembly 22 was reslstapt to buckling, it ia congidered that

the addition of combs as in Assewbly 47 introduces enoupgh additional

rigidity to provide a auitable marsin of safety.

5.5 Gorrosion

Corrosion tests as such wares not a part of the vibration studies,
but certain ohservationa of corrvoasion effects duwring the endurance tests
are of interest. In sll of the endurance tests except part of the last
test filtered water at vemperatures from 25 4o 1009 ¥ was eirculated
through the asgemblies. After 206 hours of the last endurance test
{Assembly 47) demineralized water at temperatures from 115° to 130° F
wasg circulétedc

In the tests where filisred water was used there were no marked
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corrosion effescts on surfaces adjacent o the flowing water, but there
was considerable sccumlstion of corrosion products on surfaces in coun-
taet with the steinless steel mounting. Corrosion products from the
upper adapter accumuloted under the hevelled ring and spring and "froze®
them in place. Corrcsion products on the lower adapter made removal of
the assembly very diffi:ult, requiring a force roughly estimated between
1IN0 and 200 pounds. In one set of adapters fabricated from s copper-
bearing aluminum ailoy eruptlon of corrosion products formed in pits
displaced the adjacent melal azbove tre normal surface of the adapter.
The endurance %teste in which demineralized water was used showed
much less corrosion offect. Although s f1lm foimed on the outer sur=
faces of the adaphbers =né froze tre hevelled ring it was relatively easy

to free it and there wes no lurge collection of corrosion products.



]G~

RIFLRFICTS

Den Hartog, J. P., "Mechanieal Vibrations,” ¥eGraw-Hill,
¥ew York, 1940 ‘

Memorandum, R, B. Briggs %o M. C. Leverett, December 19, 1947,
Subject: Tachnical Division Section IT, Report for Period
Ending 12=15=47, Centyal Filss Number 48-1-28, pages l=4,

Memorandum, W. K, Stromquizt to R. B. Briggs, October 9, 1947,
Svbject: FPressure Diffsrences between Unequal Annuli in Multi-
plate Assembly, Central Files ¥Number A7-10=453.



~20- —

APPEMDIY ¥
Natural Frequencies of Vibration in Assembly

Reference: "Hechanical Vibrations,® Den Hartog, p. 431

Rssembly as n Whole, Supported betwesen Grids.

Tre assembly 1s considered as a "clamped-hinged" beam, for which

the frequencies are given by the formila

a e T
pans

n.-/Eig
i w15

=y
¢

in which
f =z frequency of vibration for mede n, cycles/sec
ap = constant depending on type of restraint and mode of vibration
F 2 mnodulus of elasticity, psi
I = moment of inertia of bteam section, (in)*
g = acceleration of gravity, in/(ses)?
w = welght per unit length, 1b/in
1 = length of beam, in
Constnnts are evalumied as follows:
ap = 15,4, 50, 104, ...

E =z 10,000,000 psi

Ie 5 3.45 (in)%4  (X-axis parallel to fuel plates)
Iy = 3.89 {in)* {Y-axis perpendicular to fuel plates)

g = 32.2(12) = 38 in/(sez)?

w 0.0975 1/(in)3 % 4.10 {in)2 = 0,470 1b/in

L

1 = 41 in
The values of I and ¢ were computed from dimensions of the cross section

of the assembly.



Substituting in the formula,

oy
§

ggi/#f/ 10,000,000 {386 5) |
P 0,400 (4104

266 cycles/sec

e

Similarly,

£, = 266, 864, 1800, ... cycles/sec

f

« =
¥

282, 917, 1910, ... cycles/see

Fuel Plate, Supported between Side Filates,
The plate 1s considered as a "clamped-clamped" beam, with width

of cross pection designated as b. The formula given above applies,

with constants as balore, exceph

an = 22,4, 1.7, 121, ...
. h{n.0es33
I = cv-r-(-wm 3"-!-, {5.2’2)15
12
w = 0.0975 {0.064 b} 1b/in
1 =2 2,68 in
£ = 8g ,—/ 10,000,000 Qb% go.os_z,%B (386)
2 } 15 15.0975) 0.064) (b) (2.68)4
= 81.4 &

f = 1815, 5030, ... cyeles/sec
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Stresses and Deflections in Agsembly

Reference: "Hendbook of Engineering Fundamentsls," Eshbach,
Section 5, p. 21-27

In order io derive relationships between stress and deflection in

the assembly, appropriste parts of the assembly are assumed to be beams

of uniferm cross

section. Since conditions of loading and restraint are

not known exactly, they are assumed to be equivalent to those of a fixed

bean with uniform loading. 1t can te shown that these conditions recult

In greater stress per unit deflection than any other simple type of loasd-

ing and restraint, so that {he assumption is conservative. Formulas for

theze conditlons

a

where s

=

e

v

are:
s Mz
I
P 2 E
8L T I
z Y1
12

maximm fiber gtvess psi.

i

LR

deflaction at mid-point of spsn, in

4]

modulue of slasticity, psi

distance of most remote fiber from neutral surface,

&y

i

unsuvpordad length of beam, in

z bending moment, 1b=in

g

nomert of inertia of seetion with respect to its
neutral axis, {in}%

ée

total uniform lead, ib

in
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el plate, apvroximetely,

Ro= 30,000,000

i

Pt S

osd

o= 0064/ 2 D022 in

732)

32{10.000,000) (0 N2

i Y w
v {2 6%
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APPENDIX IT1
Kinetic Fnergy Changes in Assemblies
Assembly 22 Assembly 47
Gross sections, sq in
Holder 6.36 6,07
Approach channel 4 in IR 12,73 12,73
Fxit channel 10 in IS 20.69 80.69
Velscities, ft/sec
Holder i / V}'j
Approach channel 6;6 i, 0,500 ¥y, 0.476 Vy,
Exit channel ,gg,%gﬂ ' 0,079 Wy 0,075 Vy,
Kinetic energies, % head
v ? 2 2
Holder h 0.01555 v 0.01555V
. h h
Approach channel (0,500 V)2 0.00389 vy2 0.00353 Vy,2
28
Exit channel (6,079 ¥po% 0.00010 v, 2 0.00009 V2
g
loss of kinetic energy,
epproach to exit 0.01379 v, 2 0.00344 Wy,?
Pressure increase due fo
loss of K.B., 1b/sq in \
0.434(0.00379 ¥,2)  0,00164 V, 2 0.00149 V2
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TABLE i
TESTS OF FUBL ASSENBLIES
¢
;
fogembly |Drawing Puei ?lates Tyoe of Endurance Tests o ¢
No. No. He. Thickness  Shape Joint Starty  Duration Remarks I
. —— eemen s e i
Toreh 1947}
e TH-318 ¢ 18 2.0 mm surved hrased Jan. 1C | 45 min. Plotes buckled :
- - - P - - - e s : - e . - é
- =318 18 1.0 fiat Soldersd [Feh . 5 & hours Jointg fallied and plstes buwcklod
;1
1 =118 ig 1.6 cUIVe Purnaca jFeb. 1% {8 hours dew holder installed

hrazed H

4]

1.5 curved o Mar. 3 3533 houwrs ! Endura @ test anded to
run buckling test

ot

Iir =118 12 1.5 curved a dpril 22 77 min Joints feiled and plates buckled

18 Th=118 i2 1.5 curved # My 8 572 hours | Ne f- ® :
22 TD-27% i8 15 curved A buz. 211 9.7 hours | No failure

A7 TR=271 1 1.8 curved n Oct. 271 1416 hourd No failure




TABLs, £
DAVEY VIBROMETER MEASUREIENTS

ASSEIRLY 22
(Series A)

Proportional=-freguency

Hater Maximm Vibration Component

Film Pin Velocity Frequsncy Amplitude Frequency Amplitude

No, location  fit/sec Cycles/sec mils cyeles/sec mils
1 5 21.0 120 0,7 755 0.1
2 5 26.1 e oo o= -
3 5 26.1 120 0.5 995 0.1
4 5 31-3 120 0.6 1190 0.2
5 5 36.4 120 0.8 1330 0.1
6 5 4.8 120 0.8 1560 0.1
7 6 41.8 ? G.5 1630 0.3
g 6 36.4, ? G.5 1360 0.3
9 6 31.2 7 0.5 1180 0o
10 6 26,0 ? 0.4 960 0.3
11 6 20.7 7 0.4 720 0.2
12 3 20.8 800 1.3 —— =
13 3 26.1 970 1.4 1080 0.4
14 3 28.6 540 1.5 1080 1.0
15 3 31.1 510 2.0 1070 1.0
16 3 36.4 550 1.3 1330 0.6
17 3 41:5 300 « 2.0 1600 0.4
18 2 41.8 430 2.4 1600 0.5
19 2 36.4 130 2.6 1370 0.6
20 2 31.2 530 1.8 1060 0.6
21 2 -28.4 480 1.6 1060 0.6
22 2 26.2 300 1.5 980 1.0
23 2 20.8 750 1.2 760 0.4
24 1 20.8 740 0.2 800 D.4
25 i 26.1 500 5.6 e e
2 2 28.5 480 3.6 1080 0.8
27 1 31.4 540 2.2 1180 08
28 1 36.6 380 5.0 1370 0.8
29 1 41.8 430 3.0 1570 0.6
30 A 41.8 110 0.5 1480 Q.4
31 4 36.4, 110 0,8 1300 5.2
2 & 31.3 1170 0.4 1170 0.4
33 4 26,1 1006 0.8 1000 0.8
34, & 21.0 730 0,0 780 0.3



7
PABLE 3
DAVEY WIBROMET:R VEASUREMENTS ——

ASSEIRLY 22
{3sriss B}

Proportional-Frequency
Component
Water Hesleum Tibvution
Film Pin Valocity  Frequency Amplitude  Frequency Amplituds

No. locetion  £t/sec Cyclea/sec mile cvcles/sec mils

1 1 20,6 120 0.8 780 0.4,
2 1 25,6 500 3.8 1000 1.0
3 1 27.9 540 6.0 1080 1.2
4 1 30.5 270 1.3 1170 0.5
5 1 22,8 £50 2.6 1280 0.8
6 1 35,3 540 2.3 1370 0,8
7 1 40.5 450 2.2 1490 0.8
8 1 37.7 480 2.6 1400 0.8
9 1 34.7 550 2.2 1300 0.8
10 1 31.8 480 1.6 1180 0.6
11 1 2%.3 540 2.4 1080 0.6
12 1 27.0 520 2.0 1000 0.6
13 1 23,8 400 2.2 910 0.8
1 2 20.6 oo - 800 0.2
15 2 25.6 350 1.6 1000 0.4
16 2 30.4 500 1.4, 1170 0.4
17 2 28.0 430 1.4, 1090 0.4
18 2 32.9 540 1.9 1280 0.5
1g 2 35.3 560 2.5 1390 0.6
20 2 40.5 640 1.2 1480 0.3
21 2 37.3 500 1.1 1400 0.4
22 2 34-4 520 1.6 1260 0.5
23 2 31.5 500 1.4 1180 0.5
24 2 28,5 460 1.6 1090 0.5
25 2 23.4, 400 1.0 890 0.4
26 3 20.6 = e 790 0.4
27 3 25.6 480 2.0 950 6.5
28 3 30.5 560 2.4 1380 0,7
29 3 27.6 120 1.8 1040 0.6
30 k 33.1 380 1.4 1280 O
31 3 35.4 380 1.4 1380 0.5
32 3 0.4 440 1.2 1480 0.3
33 2 37.9 360 1.6 1370 Q.4
34 3 34.6 350 1.6 1280 0.4
35 5 0.4 500 3.0 1180 0.8
36 3 28,9 400 1.4 1090 0.5
37 2 26.5 360 1.2 1000 0.5
38 3 23.5 500 2.2 920 1.0
39 6 20.8 I e 800 0.2
40 6 25.6 S o 1010 0.3



TABIE 3 (Con't.)

S
Proportional-Frequency
Water Haximum Vibration GComponent

Film Pin Velocity Frequency Amplitude Frequency Amplitude
lo, location fit/sec  Cycles/sec __mils cyclsg/sec mils
41 6 30.4 o e 1190 0.3

42 6 32.8 e oo 1220 0.3

43 6 35.4 - e 1370 0.2

YyA 6 40.3 B e 1500 0.3

45 5 20.8 120 0.5 840 0.1

46 5 25.6 120 0.5 1000 0.1

47 5 0.4 120 0.5 1180 0.2

48 5 28.4 120 0.6 1080 0.1

49 5 32.8 120 0.7 1280 0.2

50 5 35.4 120 0.7 1360 0.2

51 5 40-4 120 .5 1500 G.2

52 4 20,6 e - 750 0.3

53 4 25.4 ke - 980 0.2

54, 4 30.4 - wewm 1000 0.2

55 4 32.9 320 0.8 - 1280 C.3

56 4 35.4 180 0.4 1360 0.1

57 4 40.4 120 0.4 1470 0.1



DAVEY VIBROVZTER WEASUREMENTS

ASSENBLY 47

¥roportiona:r Frequeiucy

Webor Faximum Vibrabtion Component

Film Pin Velocity Freguency Amplitude Frequsncy Amplitude
No., Location ft/sec Cycles/sec mils cycles/sec mils
i 1 O . P o SN
2 1 o 144 S 960 e
3 1l 20.6 120 C.3 880 0.1
4 1 25.9 120 0.2 1060 0.1
5 1 2.5 120 0.4 1120 0.1
6 1 31.0 120 0.4 1220 0.2
7 1 33.3 120 0.4 1320 0.2
8 1 5.9 120 0.5 1340 0.2
9 1 41.2 120 0.7 1600 0.2
190 2 20.4 120 0.5 860 0.2
11 2 25.8 120 0.6 1000 0.3
12 2 28,5 120 0.7 1040 0.3
13 2 30.¢ 120 0.7 1240 0.3
14 2 33.2 120 0.8 1420 0.5
15 2 36,2 120 0.8 1540 0.2
16 2 414, 120 1.2 1750 0.3
17 2 0 126 == 880 e
13 2 0 120 s 920 ' e
19 3 0 s s 680 S
20 3 0 oo e 760 e
=1 3 20.4 . o e 880 0.2
22 3 26,0 s e 880 0.2
23 3 20,2 o wran s SR80 0.2
24 3 21.0 g6 0.5 1180 0.2
25 3 23.2 ico 0.6 1100 0.2
26 3 35.8 180 3.6 1500 0.2
2% 3 41.3 150 1.0 1680 0.2
28 4 3] 120 o G20 wrewen
29 4 a 120 e 800 oo
30 4 20,8 i20 3.5 &80 0.1
31 4 25,0 120 0.7 t=100] 0.1
32 4 28,4, 120 9.6 1160 0.1
33 4 0.8 120 0.5 920 0.1
34 4 33.3 120 0.7 1040 0.1
35 4 26.0 120 0.7 e =
3 A 4i.1 120 0.8 1000 0.1
37 5 20.4 120 0.3 800 0.1
38 5 25.9 120 0.5 940 0.1
39 5 23,3 120 0.3 1100 .1
40 5 31.0 120 0.4 1200 0.1



"0 o

TARLE 4 {Contt.)

Proportional Frequsncy

Haximum Vibration Component
- Tanar

Film Pin VYelocity Frequency  Amplitade  Frequency Amplitude
No, Iocation ft/esc _  Cycles/sec mils cycles/aec mils
41 5 33.4 120 C.4 1400 0.1
42 5 25.8 120 0.5 1400 0.1
43 5 411 120 0.7 1400 0.1
44 5 0 120 e oo -
45 5 0 120 o 960 s
46 6 0 e e 720 -
47 6 v . i 740 ——o
48 6 20.8 e o 800 0.1
49 & 25,6 o crmn #00 0.1
50 6 28.3 - o 800 0.1
51 5 30.% 180 0.4 800 o1
52 & - —— o e in P,
53 & 25.5 S S 800 0.1
54, 4 28,3 - - © 800 0.1
55 ) 30,8 e S, 1000 0.1
56 6 33.4 180 0.2 1360 0.1
57 6 36.0 180 0.2 1200 .1
58 6 41.0 180 0.3 e menm
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LaRLE 5
AUDIC O3CTLLATOR MEASUREENTS

ASSEIBLY 22

Compilation of
Frequancy Ranges

dater Water
Frequency Velocity Frequency Velocity  Frequency
Cycles/sec f£t/sec Sycles/sen  f£4/sec Cycles/sec
et O .7
930 ¢ w0 4 840
2.8 £29.3
w05 ¢ 1180 |
Lyl 32.0 930
1060 X 1280 ;
L27.9 T
1100 3 1390 b 1010
c29.3 $38.0
1190 3 1560 {
;32,2 §3@06 1060
1290 )) 1500 {
©34.8 S37.2
1400 3 1400 i 1100
£37.7 o 3
110 | 1290 4
405 ~31.5 11580
1510 {V 1190 :
(37.2 4 <28.9 ’
1400 J 1100 E 1280
L:szi«ed - Qéx S
1290 j 1010 {
;3.5 ‘ 1400
1190 }
289
1100 3 1510
267
1000 4
‘240
920 N
| $21.8
340 ;
23.7
930 {
24.9
1010 {
27.%

Water
Velocity
ft/sec
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Randon Heasurements in Compilation of Frequency
Grdar of Froquency Ranges

Water Auter
Fregquency Yalocity Fraquency Yelocity

Cycles/sec  ft/sec Cyeles/sec  £t/sec

960 22.8 22.8
960 23 6O 15
1120 26.1 “24.3
1220 27.5 1120 256.1
1220 222 27.5
1220 30.0 1220 }
1300 31,2 lin g
1300 33.4 +30.2
1310 30,2 1310 )
1320 312 L33,3
1320 52 (324
1360 31 1410 {
1360 32 3.5
1400 33 344,

{
14600 ;
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Wl LW
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OO NP~
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o
[o]

o
AR N
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N N

&~
B

&
=
s
D6y - 3 oy )
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fad
N
&5
3
At
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~F E N 0O ad Ny
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1810 2.9
1990 4.0
1900 1.5




TABLE 7
PRESSURE DROP IN AS3EMBLY IV {TD-118 TYPE}

Velocity Corrected pressurs gage readin-gs 1b/sq in. Pressure drops, lh/se in. ‘
ft/sec i 2 3 4 5 6 7 (1-7) (2-6) {3-5}
8.8 &k 4 1 3 2% 2% y ] o & 3 ¥
11.0 S 1 7 5% 4% 4 4 2 % 3 ik
13.3 L3 10 8 ok 5% 55 2 1l Ly 2
1.8 is 124 104 9 7 73 3 13 5 3
16.9 3 3 23 104 8 &k 3 16 6k 5
18.4 23% 18 15% 12% 10 0k L 19 7%t 5%
200 26% 2] i8 14% 11 11% 5 21% 9% 7
21.2 30 235 | 29% | o16d 12 13% 6 24 10 i
22.7 33% 26 22% 18% 14 15 & 27 11 8
23.7 373 29 25 204 15% 17 7 30k i2 9%
25.3 41 31% 27 22% 16% 18 T 33% 13% 11
26.0 ALk 35 29% 245 18" 19% 83 36 15% 11
2.5 48 37 | 32 26} 19 21 9 39 16k 13
28.4 52% 40% 35 29 21 22k iC L2k 18
29.6 56 43% 37 304 22% 23% 10 L6 20 14%
30,4 &0 46 JAY 33 24 26 11 49 20 16

L~

{

wff e
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ST ERCEE
NALSINLa ©

PRESSURE DROP IN ASSEIBLY 22 (TD-271 TYPE)

Ry -y praes

NPT oA e Sk B i P P 7

ST T O G M <t o3 A e

SN S

Pressure drops, lb/sq in.

Velocity Corrected pressure gage readings, Kinetic {verall, Through
Through I%/sq in. See Fig. 14 “or location Energy loss Qverail Corrected R4=inch
Plates Thru Assembly | Cbserved for K.E. Plate Length
ft/sec 1 2 3 4 5 é 7 1b/sq in (1-7) Change _ fae6)
15.5 10 7 ! 2 8 5 3 2 ’ 0.4 8 8% 5
15.7 10 7 2 g 5 3 2 0.4 & 8% 5
16.1 10 7 2 8 5 3 2 0.4 & 84 5
20.7 16 10 3 11% 7 2% 0.7 13% 14 G
20.7 16 10 3 12 7 4 2% 0.7 13 14 8
21.2 16k 1 16 3 12 7 4 3 n.7 13% 14 8
24,0 23 ik 4 16 9 5 j 3 1.1 20 21 11
26.0 23 | L s 17 Rl 6 f 3 1.1 20 3 11
26,1 24, 15 4y | 17 9% S5¥i 3 1.1 21 22 12
3.2 32 19 5% | 22 R 8 1 4 1.6 28 20t 14
31.2 33 19k ] 6 23 12 4 1.6 25 30% 15%
31.3 33 155§ 6 23 12 7»;;3 4 1.6 29 30% 15%
36.2 43 25 8 295 | 1581 10§ 4% 2.1 384 40% 194
36.4 4351 3% | 8 30 | 155 10! 4% 2.2 39 41 20k
36.6 43 25 751 295 | 16 101 5 2.2 38 40 19%
41,5 55 32 9% 1 37 20 104 6 2.8 49 52 26
£1.9 55 2 Q% ¢ 27 20 lé% 5 2. LG 5z 251




FROSSUS DROP IN ASSEZURIY 22 VITH LCOWER ADAPTIR

e
{Part No. =3, Pwg. TD-258, in TD-271 Pyp

&
]
i
U
&
=t
¥ P~
b
L]
N

| Presaure Drops, 1b/sqg in.
Velocity Corrected Pressure Gage Readings, finetic Overall, Through
Through 1b/sq in. See Pig., 1% for location | Energy Loss Cverall, Corrected Across  Z4-inch
Platesg » Thru Assembly| Observed for K.E. Plstes  Plate length
£1/sec 1 2 3 4 5 6 7 1b/sq in. {1=7} Change (2-6; (257

20.0 171 15 SN B A 6 &5 3 C.7 14 15 g% 5%

20.8 18 15 12 1T, 4 7 3 3.7 15 15% g Y

i

21.2 19 1h iz 2 4 7 2 0.7 : 16 164 g &

25.7 27 s 17 16 2 10 3 1.1 24 25 i S

26.0 27 y 228117 1 1s G 1 10 3 1.1 24, 25 12% g

26.1 275 % 22% ¢ 17 ia S 0 2 1.1 243 25% 12% &

26.5 281 24 18 17 2 104 3 1.1 25% 26% 13% 9

31.0 373031 | 24 |22 | 12 ) L 4 1.6 33% 35 17 12

31.3 38 315 24 | 22 | 12 14 4 1.6 34 354 17% 12

31.3 38 32 | 4% | 225 12 | 14 4 1.6 34, 35% 18 124

31.4 385§ 32 | 2431 22b0 12 1 14 A 1.6 34 36 18 12%

36.2 50 41 31 29 15 18 5 2.1 45 47 23 i5

3.4 50 41 32 30 16 18 5 2.2 45 47 23 1é

36.6 50 41 32 30 16 18 5 2.2 45 477 23 15

36.6 51 42 32 39 15 18 5 2.2 L6 48 24 16

40.0 60 A9 { 37 | 35 | 1@ 21 5 2.6 585 57% 28 10

AW ) 52 A0 4 20 T B i - ey - .
! i ; : > Vi ¥ <Y ; =G .
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Figure 6 — Typical Vibrographs, Assembly 47
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Amplitude of Vibration, mils

Figure

Drawing # 5768
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7 — Amplitudes of Vibration in Assembly 22
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Figure 8 — Amplitudes of Vibration in Assembly 22
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Figure 9 — Amplitudes of Vibration in Assembly 47



Amplitude of Vibration, mils
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Figure 10— Amplitudes of Vibration in Assembly 47
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Figure 11 — Frequencies of Vibration in Assembly 22
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Figure 12 — Frequencies of Vibration in Assembly 47
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