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SHOCK AND VIBRATION IN NAVAL REACTORS

{Uriginaily prepared for Reactor Handbeok)
by -
Robert M. Mains

T. INTRODUCTION

The problem of design of a reactor to withstand the shocks and

yibration incident to shipboard seivics. in Naval eraft consists of three

princs.pal parts. | First the loads must be defined in soms rational manner,

then the responses of the various reactor ‘structures to these loads must

be predicted; and finally ihe responses must be compared to some damage

criteria to determine whether the design is étdequate or not. A brief
discussion of each of these major parts will be undertaken, and then a
specific example will be worked through to illustrate what is involved

in the whele process.

TI. DEFINITION OF LOADS

If one wers starting from scratch cn & new problem, it would be

necessary to conduct a series of sez"vicezmeaaimremeznts on equipment similar

. . ) z?i N | -
- o the. in'i‘.end.ead design anci then by proper stz‘zt.istical studies and the
‘ .

apuli«,atwoxa of gudgemen'i, ‘bo estabf!.ish ths cieas:a.gn loadso In the absence

of service meagur emem:s,, a.n opera‘bional anal;rsis could be maaea which could
then be tempsraed with udgement to produce deaign doads, In our caseq
servics measurements have been mds and from the:sa the Navy has establishsd
tho following .,i.oadss.,
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Vibration (according to letter P. K. Clark to Mgr. SO0, dJune 19, 1956,

RD:NRB:NMCole I~2865 and letter Sweek to Mgr. S00, February 17, 1954
3%

8A #2814)

* These requirements are for the reactor compartment of a partisular

submarine ~ they do not necessarily apply to all Naval vessels.

1o The vibration environment shall be considered to comsist of a
single-frequency excitation lasting for the full design life of
the reactor.

2. The amplitudes of vibration shall bes o

# pnplitude = 1/2 of total excursion

0,025 in from O to 6 cpso
0,010 in from 6 to 16 cps.
0,005 in from 16 to 32 cpsn‘

3. The frequency of vibration shall be taken as that frequency bestween

0 and 32 cps which is most dawaging to the structure.

i, Design to keecp the natural frequency higher than 32 cps, and the

Bo

stresses below the fatigue limit by an appropriate gafety factor.

UM,

o If the mtux?al frequency camot be kept above 32 cps, stresses
mist be kept below the fatigue limi%b by an appropriate safety
factor. In Célculating stresses, a magnification factor of 10
should be assumed if the actual magnification factor camnot be
calculated or defermined, , |

Shock {according to KAPL Specification m:m.iwh ag modified by comments

from the Bureau of Ships, and KAPL letter SAR 72110 as modified by

corments from the Bureau of Ships)

515 093
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A dynamic enalysis of the reactor components and support
R \

ghall be made, with a velocity shock input to the mull of

. 5 fi/sec vertical or athwartship, or 2.5 fi/sec fore and

‘aft, for equipment weighing less than 10,000 1bs and mounted

on the hull or bulkheads. 'For equ:lpmént weighing more than
20,000 1bs, these velocity shocks shall be I ft/sec and

2 f£t/sec, respectively.

For this dynamic ana:!.ys‘»iséa the hull shall be assumed to be
rigid for purposes of determining magnitudes of response

{or lead i‘actors)o Foi‘ considerations oﬁher than magnitude
of response in which frequency is important, the mull shall
be assumed to be flexible between reacto‘r'compartment bulk-
heads., (Excitation frequency for control mechanisms, for
example.)

For equipment not mounted on the mull or bulkheads, either
it will be heavy enough that it wijl need to be considered ‘
in the dynamic analysis of Part 1 or it-wi).l be light enough
that the magnitude _and_‘ frequency of responss from Part 2 may

be izsad as the excitation function,

(

IIX. PREDICTION OF STRUGIURAL RESPONSES TO THE LOAIS

’

For the predic‘biqn of structural respenses to the loads, it is

g probably sixx»gple&ti to deterin;ne the various mormal modes of the structure,

compute the mspénsa'és of each normal mode to the load, and then superpose

« thesa responses to get the total response: This procedurs is sound so

long as structural behavior is elastic, but a proper ané.lysis to account
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for plastic behavior is mich more dGifficult, and may often be too difficult
to attempt, The normal mddé’s may be determined entirely by calculation,
entirely by measuraments on a model, or by combinations of model measure-

msnts and ca_lculationo For the elamentary theory of norml mode calculation,

! variety of tcax’cs are available, such as Den Hartog, "Machanical Vibrations“

and Timoshenko, "Vibration Problems in Engineemﬁ_ o For the principles

involved in model design and measurement, the "Handbook of Experimsntal

Stress Analysis"; edited by Hetenyi, is am excellent source.
The most important problem in response prédﬁf.ction, however, is that of
deciding what structural elements and couplings are significant and

setting up the analyses or‘ experiments so that the resulting answers

~are meaningful. To illustrate what is ‘_invo;l.ved and provide some feeling

for the effects of various p#rts of a reactor support structure, the
ilivstrative calculations W'l.l;l show & hmnbex* of vaﬁgtions in degrees

of freedem (nmar of ﬁpmal modes considered) and parameters (particula.rly
stiffress or flexibility).

IV. DAWAGE CRITERTA

[ i
: |
il . I
"k

[
The pravious two mjur parts of the pro'blem are in relatzvely good

shaps - the 1oad='a have bean defined and reliable means for prectl.ctmg

j
elastic responses to the | oads are avalla.bleo When the question of

criteria for evaluating damage is raised, however, the situation is
quite d..ffemn'bo Ordjnary concepts such as a. limit of elastic behavior

as defined by a static yield strength are no longer significant, since

ductile materials may somstimes sustain stresses of more than the static

yield stress under shock with no other damage than a very minor amount

&2
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of permanent set. - Fatigue strength may be of significance thy it

resonant vibration is in\rolvéd; in which case fallure may develop rapidly.

Without resonance » vibration is unlikely to lead to structural damage

(electronic control equipment may still malfunction under non-resonant

vibration, however).

To summarize what little is known of dynamic damage criteria, perhaps

the best that can be done is= to list some dofs and donfts which ths

anthor has found to be good design practice, as followss

A, Vibration

1.
2,

3o

ho

5.

Avoid resonant vibi'ation wherever possible.

'If resonance camnot be avoided, build in structural damping

to keep down magnification factors and iry ‘to keep resonance
stresses below the endurance limit. |

Adding mass to the structure in such a way that it does not
store potential energy will reducé magnification factors P

but also will lower resonant frequencies.
Adding mass to the structure in such a way that it does store

potential energy results from efforts to strengthen the structuse.

- This usually stiffens the structure; may increase the resonant

frequencies s> and may also increase the magnification factors.
This may hurt more than it helps.
Avoid stress raisers and joints that can come loose and rattls,

Avoid collision of parts.

515 006
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Avoid hanging a small tail om a large dog in such a way that
the frequency of ithe tail isl close to that of the dogo This
leads to rescnance excitation again. '

Avoid brittle @terialso

Ton't be too disturbed if calculatéd stresses (on an elastic

basis) cowe out to be more than” the static yield stress unless

See "Delayed-Yield Time Effect in Mild Steel Under Oscillatory
Axigl Loads", R. O. Belsheim, NRL Report 4312.(195h).

the first wode fréquency is wvery low (under 30 or LO cps). The
chancés are that the structure won't be aware of your calculation
and will perform in a satisfactory mamner. |

Wateh out for excessive deformations of parts and avoid collisiom.
Calcoulated deformtions can usually bs two or three times the
glastic limit deformation with no iarge permanent distortdon.

Make sure jointe are sound and avoid unnecegsary stress ralsers.

Tf the above precepts are followed, designs will probably be safe, but

there is no guarantee that this will bs so. In this area at present,

z00d judgement is the best insurance against failure = data and facts

are sSCarceéc

V. ILLUSTRATIVE CALCULATIONS OF FREQUENCY

The determination of shock and vibration responses of a structure

requires first that the geometric configuration of the structure and

the masses which load 4% be lmown, At the begiming of 2 design, soms

means of getiing a .sﬁruct;ure to analyze must be used. In the case of

o

&
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i
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the SAR reactor and support, an equivalent static load factor of 100
was used Lo establisﬁ general configuraticms and sizes in conjunction
with other desigo requirements such as pressure, temperature, and the
like. The results of this preliminary design effort are shown
schematically in Fig. 1, insofar as the pertinent structura.l elements
are concerned. Table I lists the various separate elements together
with weights, dimensions, and other information.

Thether the problem is determination of vibration stresses or shock

stresses, the first thing that must be done is to determine the resonant

» frequencies of the stapcture under consider tion. As a first approximation,

the reactor vassel and its immediately suppoerting structures could be

considered as abtached o & rigid hmll as in Fig. 2. The mathematical
model for this structure ia also shown in Figz. 2. Equations of motion
for this model are given on ealculamon sheet 3, and by substitution of

ralues for mass and stiffness, the frequency.can be calculated as:

. . #*
]”9:; ;:;%_ L) 597 x:67 o {/ (f/ﬂj. (5. 1o Lo 1)
‘ s

Stiffness = 5.97 X 107 = (A% 240 M/v:@ 1 from Table I with A/w
| taken a8 1.00 X 105,

inss = h03 = 155200/366 from Table I.

A3 a next approximation to the problem, theéstmctura_of- Fig. 3 could be
analyzed. The equations of motion for this ‘} solution are given on

cslculation sheet 2, and the matrix form of 'solution is shown on : |

- caleulation sheet 5. Ta solve for frequencies, stiffness valuves frcm’x

Toble I (the J,nvsrse of the flexibility values given in the table) and

615 008



-

¥

b

moss (oxr weight) ratios from the same table. can bs substituted in the

determinant., The solution of the determinant for values of w// w is
then carried through by standard procedures. For this operation, it is

helpful to make additional substitutions such as:

Wo _ W, W Wy . W, sy etco
2 L2 s XL
w w W, 2 w :

Ihs frequencies which result from such a solution are shown in Table II, -
together with the mode shapes (relative magnitude:sr of the various Xts).
These mode shapes are found by substituting the three resonant frei;uencies
into the motion equa.tions » one at a time, and obtaining three sets of
simultaneous equa'bioné m X which can. then be solved.

In this calculation, as in all others discue:sed herein, the weights or

rasses used in the computations have been divided up and prorated between

‘the elements of the mathematical model by judgement in order te approximate

more closely the true sclution. For example, M3 of Figo 3 is calculated

thus:

= “voo | Ffooco 24 28 |
m, = J2s40a , 33 202 O 4 20005 T S2000 xR (L (5.3 Lo 2)

L 2 : ‘
Elements in

@' @ % Table I.

In addition, stiffuess values for use in equations of motion are the
izxvgrse of A/ Y values in the table, while influence coefficients
for use in the flexibility matrix must be calculated. For example, the

influence coefficient for Xj with load at Xy is found by:

555010 s p00a07 40,20 510" % < pr 751077 (82 1o Lo 3)

@ Elements in

<—  Table I,




As my be séens the -fohrégoingv 0peration for a 3-degree-of-freedom
~ system is a considerable amount of work, especi,a,l.ly if automatic
computing squ:.pment is not avaz.lableo For this .rea.son, the matrix
R ‘ form of solu t:mn shown on calculation sheet 5 is preferred because of
| -its g;:-eat.ar simplicity for mamerical conpu;;é:bion and its ready adaptability
to automatic compﬁtatiqn; ‘The answers pm&uced by the two methods are the
same, - o _ o |
To show :he effect of further subdivision of the structure, the model of
Fig. h with 5 degrees of freedom is offg;jeéio The equations of motion
are given on calculation sheets 1 and 2, é:id the matrix form is given
on caloulztion sheet 5, It-may'be observed nhat equations and matrices
fox F:Lgso 3 and 2 were obfainad by eliniina'l'.ion of the appropeiate items
.from the mguations and matrix for Fig. L, wizh an’ adjustment in the mass
distribu‘mm each tn_mec Equations and matrices c~ould have been darived in
each case, bt it was desu'able to ‘show the rela.’uonsnips involved. Results
for the uolutions to Figo ki are given in Table IT.
In Fiz. 5 is shown t.he s:mphﬁed structure: for the }ateral modes of . the
- reactor vessel, Since the 1owar frequencieas of Figs. 3 and L were not
| greatly differents :x_t seemed reaaonable to- icombine masses 6 and 7 into
a single mass. In add;tz.qna a comparn.son c!uf iia..d.b:n_llty values tha.t
affect the lateral mode for iteis 2 and 3 in Table T shows that the |
support ékirts item 2y, is cons:.derably stn.i|far than the shield tank flange s

item 3., It is themfore reasonable to lum;‘r mass 2 in with mass. 1 and’

[T S

* _ achieve a. 6=coordina~be lateral mode instead of the 10-coordinate la’oeral
mods that would go with .Figo Lo This amourts to a considerable simplification
which is ,ﬁvsﬁii‘ia.ble vfcxjr this part.lcu.lar problem only - it is not nac:essarily

915 010
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a géneral proposition, Notice, too, that in Fig. 5 the deck is assumed

to be rigid which would mean about 10 percent error in the 4/

flexibility of mss 3, as shown by the 4/4  values for items L, 5,

and 8 in Table I, The overall effect oi' this amount of error in mass 3

i‘lexlbllity on the resulting frequencies and moda shapes will be less

than 5 percent because of the large A/y flexibility of mass 1.

The motion. equations for
cost of a huge amount, of

Fig. 5 are possible to derive, but at the
a.lgebra which automatic -cormputers do not yet

handleq Consequently, only the matrix form of sclution is shown. Tt

is worth noting that the

various Ld.nds of flexibility in the mtr:ix have

different units, as do the terms for mags and moment of inertia, These

'differ_encgs combine to leave the final solution in terms of sec? only,

as it should be. The results of the matrix solution are shown in

Table ITT.

In order to evaluata ~the.

effect of the deck and hull on the vertical

mode (where the ef fect would be more pronounced) the model of Fig. 6

was analyzedo Again, ths solution. is presesnted as a matrix for

sizxmliclty, and the results are g:wen in Table Ivo It is of part:.cular ‘

interest to note that whereas all of the 1omst rigld-hull frequencies’

calculatsd forr ths three
lowest frequency for Fig
neigh‘bqrhood of 17 cpso

: Ths various 1owest-=modef1

precedlna cases we.c 50 cps or greater, the

6, the fle:d.b].eshull case; was. in the

b
B

requencies for a:ll!i the above 'styles of calculations

are compared in Ta,'ble Vo(; Included in the t.able are several adch.tional

values computed to determine the effect of varymg the. stiffness of the

shield ta.nk flangeo A study of this table affords a scale of judgement

‘on tlm s:x.gm.f:.can ce of different model configurations for analyms, and

the effect of stiffnass changéee S S R (5 B |
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VI. HOIEL MEASUREMENTS OF FLEXIBILITY

Because of the complexity of soms elemente of the structure,

‘particularly the shield tank flange, the deck, and the mill, a plastic

(Plaxiglaé) mdd.e.'»_L' in UE scale was built to conform i‘oo'Fig., 1. This
model was ‘then used to masure flexibilities of the va;rioraé eléments;
separa’t,elﬁ ahd in épmbinal‘biona‘ Table VI showé a comparison of ﬂexibilitie_a
scalad up‘;from ‘the ‘modél measﬁi‘emnts witﬁ those calm_lléte'd or estimated |
for 1~bhe pﬁotofype several menths before, For the most part, the scaled-up
and predicted vélues of fiexi_bility agree vr.ithiﬁ quite reasonable limits,
and two purposes have bee;n serv_ed: S | o
1. The corii‘idence one can have in boih measured and predicted
‘values is graatly enhanced by the .agreemcnt ef the valueso
2, That good stmcture.l models can be relied upon to give
i‘lembll:.ty values which are quite useful i‘oz‘ frequency

calculat‘i,ons has been demonstrated,

_ At lsast thmo ﬁfi‘erent 51tuations occur in i‘lex.'lbn.llty calculationss

ths - sl:.*'uc tural elements may be so- simple thcri; calculations are short

‘ant no models ars ju.stii'iable, a few of t.he
l

elements are complex or xheir interactions- ewe complex, in which event

and rela,a’ble s in which ev

models 'bo eveluate flexibility may well be xizore @conomi cal than

caz culations for thess pa!rticular elements c»r :mt«aractions 3 the Whole
s‘bructure may be too- conmlex for analysis tc» be economical, in which
event models afford a happy solutiono It ls usually feasible to build
a fle:-::.b:.li‘ty model oi‘ most, st.ruc’cura.,l. elemsnts s and these models can

be used also for stress determ:maticns if the modsal is made with this

315 012
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ih mind. It is not ; in génei:'als feasible' to ﬁs.é these models; for
experimental determination of frequem;y& however,, in the author's
oniniono’ It is better to calculate those flexibllities a.nd stresses
which are well understood, measure modsle for these which are not, and
then, compute frequem,:.es for use in v:.brat:.on and shock analys:.so

Whenever a. true prototypa is available for measummentg all of these ,

' processes can be mplacsd by direct measurements on the protctype

In the_ model resulis shown in Table VI, the ‘bredi.ction of flexibility

for the reacter vessel 'support skirt shows :the need. for a more careful
- analysis and a check of the thickness of ths model material to bring

the prédictad and measured results more into line., The estimation .of

- flexibility of the hull did not include the contribution of the outer

huvll, while the model includ'ezd the outer hujllo Gms:n.deratmn of the
outer hull in the estimate would give a. value much nearer to the

measured .fleJClblll‘by-o The deck skirt flexibility measurements suffered

in acecuragy because the magnitudes involved were of the same order as

the least count of the measuring devicss, and becausé some values could

not be measuréd directly. For this reason, the calculations: are better

tha.n ‘me measurements for the deck skirt.

VIIa VIBMTION AND SHOCK STRESS CHECK

. | Once the fraquencies and mode shapss ha.ve brsen determined, as in

the forego:mg ,.llua‘hramons s the next lOgiGcll step consists of estimating
f

qtresseso For an exmple, consider the sh:.e'ld tank outer wall, element

kh in the model of Fig. 6. The frequency of the first mode ha,s been

515 013
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#%  See item II 4 (5)

found to be 17 c¢ps, and the vibration excitation at this frequency is
Ly - U-*
0,005 in, anplimdao* With an assumed magnification factor of 10 in"

¥ " See item T A (2)

[

this mods , the computations shdvm on calculation S’h@et 6 are the result.

The stress of 2800 psi is low ex;cugh to be of no concern regardless of

the numbsr of cycles of loading; Had this stress been above the

endurance _limit for the material, then a ;;onqya'_;rison of fatigue life.

with required life would have had to be mada; N

Other vibration stresses may be estimated in a sinilar fashion from the
deformations of the various spring eiéménﬁs, a.nd: the lateral mode
vibration stresses can bé estimated in similar fashion from the result.s
for the model of Fige 5, It should be noted that the word estimate is
used in conjunction W‘Lth these stress calculatlons for the follow:mg
reasonas

l; The ;vibra_'bion excltation is by no xﬁééns an exact item.

2. The mthaﬁaticél médél from vhich freqwancies and mode shapes are

determined is a simplified approximation to the structure, so that
the freqﬁencies and mode shapes are approximate.

3. In most pracblca.l cascs, the calculation of st.ress is inexact,
despite a w:i.despread tendency to carry stress calculations to five
"aignifieant" f:.gureso : ‘ », ' |

ho Even if the stmss co:uld be establlshedtwwithim + 10 percent, the
fa,ilure criteria may ;be no betier than ;} 50 percent or not under-

stood at ‘&1l

=,

)
<
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In brief, a calculated vibration stress of 2800 psi in MIL~5-16113-B

Grade HT* steel is clearly no problem, 28000 psi would require a check

* Yield strength of 16113-B grade HT steel is 2,000 psi.

" bending at the top of the shield tank, |

of endurance limit and other physical properties, and 280,00C psi would

almost surely indicate trouble. A calculated stress of 56,000 psi, on

the other hand, would not necessarily be causc for alarm.

For a check of- verticéi shock stx*e‘s:sés; the ,rigidmhull model of Fig, b
is used for the determination of the load factor. Once the load factor
is obtained, the checks of vertical clsar;mée and stresses are carried
through ox%:. the flexible~tmll basis, the same as for vibration stresses.
These mz.ﬂxﬁers are worked out on'calc:ulati«;m sheet 7, Wit.hva resulting

caleulated stress of 80,000 psi. Inasmuch as less than 100 psi of this

stress is.direct strcss while 80,000 psi of this is a bending stress

which exdsts only ove1r a very shord distam_:.e‘ at the tof) of the shield

tank cylinder, it is concluded that no serious damage is likely %o

occur under shock and only a very minoxr amount of perma.nerit set in

It should be ﬁoted' that the applicatien oij‘.' the load factor of U2 to each
of the masses of the.gicdel of Fig. It leads to a calculated stress of

11,500 psi, which is mich too high %o be 4 neaswre of the direct stress
and oo lpw to be maasﬁre of the behding s:tressa Such a crude use of an -

! | .
equivalent static load factor is not particularly useful in judging the

adequacy of a fstmcturei under shock. The ;‘six@lified approach shown oxn

the upper part of calculation sheet 7, hoﬁevér, should be sufficiently
accm'ate'“i"or the pux‘éose of Judging the adec_;uac_:y of a structure under

shock, especially since the same comments ;ﬁm rogard to stress
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estimates apply to shock as to vibration.

VIIT,

SMALIER COMPOMENTS ATTACHED TO THE FEACTOR VESSEL

~ Consider next the problems of shock and vibration from the

standpoint of a control ‘mechanism attached to the top head of the reactor

pressure vessel. .

In this case, a mechanism weighs less than 1000 1bs;

while the reactor vessel and the things it carries weigh about 155,000 lbs,

and all of the mechanising together é.mount to about 10 pefcent of the reactor

vessel weight.

For this reasom, the motion response of the reactor vessel

%o shdck or vibration is very little modified by the response characteristics

of the control mechanisms. If the weight ratio were not so smpall, then

the dontrol mchanisms ,would have had to be; considéred in the analyses of

Fig. L or 6 As it is, qu:.’oe acceptable results can be obtained by using .

the reactor vessel response t.o shock and vj brat:um as the exc:.ta’cion for

the control mechanism. -

It is now necessary to. determine the frequémcies and mods shapes for the

:z.mportant alenments of tl‘fxﬁ control. mcham.sm, just as was the case with

the reactor vessel and :x
be devised and analyzed
seens prdfitable to do t
will be used for this il

In a shock test of a cdn

. was measured as 120 cpse

|

-
'ts support structure. A mathematical model could

t

in exactly the sameji fashion as before, It hardly
’ - I :

i . ‘
his again, so experimentally determined frequencies
S P ' .

Justration. !

{ :
trol mechanism, the'; frequency ‘of the lead screw'

In addition, . the hull flexibility measured on a

scale model turned out to be 13 times. 1eas thme:stlmated as shovm in 'l‘able VI.,

%*

See Item IV for explanation of this di:screpancyo

i




&

This means that if the E;olu‘bion of Fig. 6 were corrected to account for
this much su’allei mll flexibility, ‘the first mode vertical frequency
would coms out near the 5k cps obiained with f‘iga bo (The lower frequency
solution for Fig. 6 was fuse_d for illuS'brati.on of methods, but the higher
frequency corrected value will now be used since it provides a more severe
case.) o

So the ‘problem reduces to this: -

lo Vibration = _
- The highes’c'freque:ncy vibration excitation is 32 cpé at 0,005 in.
| amplitude. . |
A 5L cps I:earztor vessel structure would respond to this excitation

wi"qh _‘

”0 005‘)( ,_____...../-——-——"' ) = 000027 vinﬂe a't; 32 CPSO ’ (50 10 ho h)

/(%2

A 120 cps ccntrol mechanmm lead screw wou]d respond to this with

K% 0017&/ /"

And this is

oocooaf;l in. at 32 cps. (50 1o Lo 5)
| , ,

i

= A F2* x 0. 00421 - =0.022 gls. (5. 1. k. 6)
0 .

Since the lead screw is never less than aboilt 30 in. effective length,

the strain is 0.,000007 or about 200 psi. The 0,022 gls times the

effective weight of the material supported by the lead screw, divided by
. b

the area of the lead screw gives a stress of about 5 psi. Consezquently'bn

either of these bases vibration is mo problem as far as the lead screw is

concerned.

515 017
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Shock -
The 5L ops reactor vessel structure was calculated to have' a

vertical shock z“elesponse of

A= AT x 34 = 12 g's at 5b cps. (5. 1. L. 7)
T2, ‘
For a f.‘requem':y ratio, ¥= /:7;0 #2,2 and a mass ratio,/a = 0, 006,

'the lcad factor chart of the Apperndix g:.ves L = 2, and -

’ :Qﬁ weight supported by lead screw (5. 1, k. .8)A
g =2xh2 x “area” of 1e(a,d screw S

2 8500 ped..

. . : s
This order of stress in 17-k PH stainless is no problem.

Yiel& sﬁ*ené‘bﬁ of 17-l PH stainless is 125 5000 psic

As a further check on the accepuabl Li'by of the lead screw, the

ampJ iuude at 120 cps would be

/OX 2 Ag2 _ O, 058" - (5. 1. L. 9)
"(/29)3, =3 = Fo'2 %00;& ’”/n

and this magni'bude of strain in 17«!1 PH is not a problem,, even for

several appllcat: ons of the shock. f?
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i~

Y] N

i}

wf
8,
0

TABLE T

COMFPAR, S04 OF F/? FQRUENCIES ?{ ALE
SHAFES FOR Mo 2ELS oF F165. 2 3 4 |

oY tal 3

| S0

T
e G

Al 3

7

/9

52

554

i bbbt

S RELATIVE
AMPLITYDE

FREQUENCY - CF5.

1t 359

+.952

+.000

- 2/4

111000

-, 016

-./3/

045

_070

~. 082

(1106

-, //6

F
i

-.436

+/ 000
£.2/3
- 073

-.854

- /96

W

R

. x7~"‘ - — It 628 %000 |-.294 +.036 |~.002




e i e i

| '7745;,;&" ,ZZZ

F /’E"J(fﬁ;f’

FoR U5 5

3 f /V o0F SHAPES

F f«»@c/@wr cws

|4

/48

/?ﬁ/: 7‘ //f

ﬂma/?faﬁ.;—- .

[ #0089

|-.0r78

) .‘(7‘/. ?00‘

- 00054

- 0174

‘ "'.'(.@&5‘3

r/59/

+.2596

+/ 000

¢.00/ 7/'

100202

+.0394 |

[

B o P

3/6

443

41577
# /&00 '

- 0168 -

r. 0/ 065

~f.3/2.5°-

#1000,

~.0/96

+. 00366

-, 0/664

- 00056

~. O30

523

/200

+/.000 .

- 2555

i 0/63-

T . 005-03 :

- 00029

- 7934 |-
rlogo. |
3 [ O0425

~ 0995

*, 004352

+
'
e SOID



o 7 f-' 5/, f,w ,o. g,.; ;z* Ma/)f $ ﬁAP&‘“S
o ;p/? F/G’ 6

| Ff?fﬂaé}wr '—’65’51‘ -

I /73 | g0

207 |

K/

“537

| 9}8 |

/?54/:7/ Ve

P 9295 414 77

,;‘?}

/4/3’/",6. /?‘zxm

";"39:4{

+/000. -

-2434

1+.9345.14.2079

| 1.9690 |4/ 000

L
H
f

19295 |+ 20/5

| +.924/ (#./472

{
i

:

.27234

?%2?377
+.[557

#1908 |

- /973

+/000

-4/75

- 2439

#. 62/5

— /64
- 08/5

fﬂﬁWé

-.2433

-. 7289

+. 7702

§
i

f~'..v.;5’8182 - 0/25

RIS

0378 |4/ 000 |
i

$.0240 -, 2297

+L000 |+, 0064

-, 0647\~ voo2

+.0649 i~. 0004

~ £754 -.0783

3
:

.+/&Ud

1-.7323

- 0397 I

wooz7 |

~-./30/

+.00/3"

-~ 0426

by

230

I
.
W
P
v
[
R
I
S
-
£
«

{
«
i
2,
H
B
¥
'

'}:,.;' A Seer R
Lo




6T

A

w
B4

TABLE ¥

EFFECT ON LOWEST HOIE FREQU&.HGY _OF COMPLEXITY OF ANALYSIS AND VARIATION OF FLEXTBILITIES

VERTICAL MOIES

i = degres system - rdgid il = no dack par ticipatien

Flembdlw of *tem

with no help from .d"sm
Flexibility of item ; 5]

“3 = dagres ayst@m = z:‘:igid hii.z.l = 1o deck pa,r“b:,c:z.pa‘tion

with full hslg from 1

Fl@m,bilitv of item
with no helg fron item @
Flexibility of item (3

with full help from item @

5 = degres system - rigid mill - no dsck participation

Flexibility of item
_with no helb from item
" Flexibility of item

" with full help from iten (&)

7 = degree system - flexible hull - deck participating

Flexibility of item

with no help from iten
Flexibility of item (3)
with full help from item (6

IATERAL MOIB

6 - degree system - rigid mll - rigid deck

Jtem gets no help from item @
- Ttem gets mlg from item &)

2

)
}

N

84
B i

Frems 3 @ é

!0‘0051@

G EF80

32,22 AM’Q
£ REA M

108516
4,555 157°
832142
hassie?

 18.0x10°°

4, 558167
S23410°F
4 25 260

16,0069

425 s10%

10,6816

Jo A0 03‘@

. o

)]
Gﬁsﬁ

&4

T
78
£9

€2
€5
76

53
&2

69

/78

7.8

40, 7
58.¢



F}”

Y

VERTIGAL HODE

FI0, 2

"1 Degree of Freedom

i

of. Freadon

3 Degress

i

¢
i

o,



'
.
ko~
-
-
..
g -
»
.
PR .
Y
K9
) :
— .
- e
i
K
)
i
-~
=
A
-
N
a
ko4
=

e
TETYT

FI. L VERTIOAL MDIE
5 Degrees of Freédm -

FEEETE

FIG. 5 IATERAL MODE
6. Deg:_rées of Fresdom




|
i
{
]
l
|
t

e

Rt S
-t

o e R e

e

e

-

.
i

R ~bott Fixed ar

L bulkh eqdls

"

.

B e - o
AT v = -
T e : i, E
et S, . Lo
s oL T @ N )
™M T .XI ... e
. - R
. . . .
’ e c g A
. T .
. £
N, )
@
e -
- A\
. : \
i
A
B 3
1
Sy
i
~
™~
X i
L \
. . f
. = /
o /i{!.. wx . . . .
e
¢ 2™
R _./5
< p
S
o
) lu.a«n .y s
. P ¢
P \\.\ "
r.i.v X
.
i _ (. ! P
® : R : - »
i . T i

m

e e i e

.ty

"FI3. 6 VERTICAL NOIE
7 Dogrees of Freedom

T

g

PP



L ouaprony of Morpior fag - Fie #,

- g * R e s e e el T - BT m T oTe e e e

ot

v.b;,;i’, +/<{X Xz) o

‘ . - :
) s te

B, ‘1, + Ky Xy T K (X, "Xy = K, (/"' ”’4) k Xs

mééi'f;*f(i' ("‘“3)"“/€ (’Yz 'c_)

My Xy /7()( -;,‘)

./711 X, '+/(z{i){lﬁ)(z) -

[

/n'x- }k‘/x ,k)+m?" jw'a

,, Jrk Comr )y ron s

'.Ze/‘ X ~4 (caswz,’—fg.smw;)

"'ﬂam xh'—w )(”

Alsa: d’e fuﬂ SR

e cog Az 247 fﬁ‘;’f ?" /

.h - {‘g,, 7{’ :;a,r‘ “

&,({J R




) @

.-

®

-
ta

)

S~
~

§"\

™

;:L&

S|

0‘Q

-

w(w) 51“’

Do 2 X, My
| /*"(‘_L“f.)‘ ,

l,
) 1
() 1y

7

. X .

P R

?

et
.

a

- m

____7_

ey

I
m

s

»&)7[&

T Eevarions ForR Firg. F. B , e

- FAe o a Frons

. . . A . ‘ . .:. ok
. < 3 (-—1 2o t(—-—z 4 . PR
) ) . W N ] . s . :

/ﬁe /;f&ufﬁf/(e Aavc éwfw

ff/,( ///wf(c/ s Egeea /m/f: (’j’j 7o je’;“ mu/c -'«W“‘A/?C! (oo;cfa(cﬁwnf
fwm//oﬂs) | ' ‘ -

%/{ {4./

R T T

aund’) can 5(

R

5‘y (/"‘f/,cifofc;ij; . ’%‘é C /\'é o (} ).' 7‘5 r ,’))', /;'92'3‘[ e,f’ {,3’) d?q.»ri J:;,-

5 Zr¢

J( /,:g;:-M h‘"ﬂ«"i f,(‘a,
;x; e /:”f

01;“5 U"gq’ . ) N . c . ' ﬂt

)()"I;}A’,_ 8

:
t
¢
A
) ¥ g
# NSO




c" e :"/J,iﬁ 7/;' f/ JN[??‘}"

R Esﬁamvw/s Fafe F}g 2

- R .. . 'b ﬁj Oxro/g//’“'”f Fhe X, 5"’0/ "(5. f(rrns /;9)77 f (5‘) ‘.wl’(" O/C)"/t’l"l‘h/ﬂo‘ﬁ’fﬁ {5)

'/f'f 6/6197".1"/3;' #o /"‘7’4 Hr € fiéz/a/z’(o/, W/H'n 11/{1: 0//’””"7’
o | ()/,~5/o/ACC‘irttn # ’X,j /3 prapgr{? ‘i/o’dr/,:c‘/ .
‘z-.’ ‘ a rw ' W “"

s T ek (2 k) 2 (R % o

—- LW, Y _' - . S - SRR .

! #{ Jj =0 - | o | } (3)
v = ow =1 A o | SR
,W ) WI ’ ]/"“”i . A v - : T

e o o o W N s e s . .
" : /L/'Ji‘ . /"i‘:/ 6/ €f@'5‘if(/'cil}?.ij J/_)fru"/q"f ?{) ’(43).) (s) ‘67r7ﬂ/f7/) ét‘(dhv( . ’
%00 //';Va/VcO/ ;6 /5-';‘3 ?‘3“&127‘{;24/ ' dmcl'ﬁ f,\ ‘C-/(a;;‘iz‘c ;“b /wczfirltx.':
/w;an//ja-/dr/pn /5 A b f)r’cfc'r'/(’r/ /"dr 7[/4)5 efc/a,wn 53)

‘: oy
Cr s e /(")’/)'{7(#;’ /&7".«‘*

’ S (= Wi’ *f\)X =0 (5)
M _ o el AL V"’” Came X d*”C ey J'I'/x FEriv o,

L Yy, : .
-~ T ranipise e/fw Frin "{?:} ‘ ] ¢ 7"

FMewtx = A T e

) Pn 1 /f//a/'; J, /< G o :f,c"c,'r': .
w /« '/f’I X = ,z(-"/‘.( X3 X B : , . _;'.("7.'/)4~ »
Jg whieh T o e “iiz;»w' Grii :ﬂ7, *«;ﬁf?’?.f:' 7“;: re,«/«’u;{éyf
;- \ f“’ar‘f‘u/fm )‘C.»j /( V3 ré,f'f g e //e,;:;f;a, /rz /’f&-tmd{g }1.—;(,/,»/)( ,,',3 : " %
' ewbiied, e ih wm i3 e o/rr’wc//m "f’m«;/ sas b E
" %/”f X. 0/""“7/1‘3 1 Caczed’ éj ﬁ'» "%1?""%{7 f'u«n’fx JH "féz }fwﬁ 53“ ‘

);,3 . %/! \, a;”:‘ ¢ ?4/“?'” . ’ ) 4 ‘; . y . . » g . . d . % ‘ - o }-
) ,%v.v f ““ &:~* : Y
SO @is. 031



e P -
g f-\

N

Y

*Y .

x
)

RN
(X0

=

i
-
f‘\

o,
A g

AL ATRIK FOR_FrE. &

X3

798
798
758

793

7.88

X

”753é"7985
745

9.0

910

7:98

X,

i

798

”;3?1‘

793

'; R
‘? 95 795
”,_7 58

’788 78

A7

7 ‘98”".

9.2 7.987.98 7
- 7.98 8.3
7 98 i
: 7 88
7.93

/4 02

793

4‘X9 |

788 793

l

7 88 f 7.93
83 788 793

7&3.
3 17

781 7.9

X
75‘3

793 |
7.8/

La&lf x /0 -8

- M4A m{/,x FOR

+ 3549,

ﬂk,,i- . -;.v ﬂ’g

194
ke /.34‘,'

+/94

f‘:,/ﬁf
X,
*. 2820,

- 25 0.

g, + 2/2000.

93‘9
3300

Vs,

@h

4239
1G4
- s

: '9*’}9 + 2.24

A %24

s 224

SN
A

x‘i.“- 9&19
o 2.24

S04

U

L OML CCLATIGN SHEET

A

Mays!

R Y- =
R .

Sersy

3/5

/9?{7«0

'!

753 aao o

. . y o
- R t 3
- - ]
N . H
. ) . '

“le 2

&
“

/m‘?f’s‘?ﬁw? agdy |

}{é"d’)’)j /(‘ _ a

et

AVt
ald x 1977

f

ra 9/

=

2 .. raa{/
o . 7
g i

|/

LN

¥ Thesc 50/““/?5 af /;W»}.{?c’/’.s /re
’ /ﬁﬂ?’r/x V/r///e,q /ﬁ)f; Py 2§ %: save:
ca/fmm /*Na‘/‘//i/(

.
s
Jr"if;ff
'“55 (:,c::,
/

!.
T

% e

[N ; N
fdass - /6. ’““‘/ﬁ
vr . " . .

L k. sect

C/c?ﬂua:"',;v/" &‘:r & a/lﬁjona/ 5'
@o /7&)‘ i’ﬁ?!nf(ﬁ/{%’

»‘3&5




[

»

.
-
-

i

-

I
£~
[

-

=3

i

s

JJMAL@W'FUW‘;?¢'4L

~

-

/58

Lo

6. 75
T EET

5T 575

Marii

—~

al’ X/K.D‘ 9

FOR /‘fj/ 3 .

.4 & A fli
‘

ar

Ly

f
-

X

i

555

/fff_
1678

m.___*

ol
93 A,'
463 -

54§

/58
20%
403

/b, sec 2;1

g Jb. sec®
3 %2

* 777,6'_56, C,"f:?//ﬁ(ﬁ‘.'h‘?ﬂj ' d‘:?'fl SELAE élci"f".;' L are J/Arc:‘; & /Wi‘a‘a‘{r; /:

. . ) 4 -y ‘\x . . ] - F o N . n o, ri U 3
Sragone ! w5 FiTx v Flea Phis b é ,7 % save Vit =
J Vs . . . i Ef . -

: o rg g : )
/’ij/a’c;/f:;ﬁ Fhs e rat ;vf-:.r 24

)

e 1. g

co

P
7 od frw 4

b ke P e e -

. ¢
e f R

3,

e

o
4

TTCHZCORRTION S HELT P

-

A e

cr

-y e

JOR SROPETINI A

[

5150083,



(/ua/,.,,, =2 if St 2"”7‘ L6

& | VBT ION STRESS CHEek A S

3 . : ‘ o R
/—j/j")‘,‘yﬂf j(rfﬁ/(/t.//‘(/ Clr /‘/; & y /7 5'/491- X . : x
Exoy ;/-,;; Hrorm i 7 /,75/./;1 = Q. L05 /n. ' S
B ' o : . o . _ e a
* ' X hacgnifecatran Factor of 10 = 2 05 m S
il AMide sfame - fr,&‘m TagLs IV,
- . 4 . 'P, .
e | X, 9. 92 \. ‘ 2. 04648
' 0. 9375 | 004372
X ACY VTR 0. 057900 f
A . 1
\, .
' No e P ADYS = ~ ;.
( X, 09345 [T 0.04673
|
Ao o. 269 2, 0484% \
1
X,  0.9293 0.04647 |
/
A g.924f  _/ O.O4470
Strefeh i Yhield Tank Qufer Wall = )\’? - ,-"(.9 z Qo0
: ) g = o 00ops X 3:«’/&%/33 = ZJnt' - ﬂt’ﬁ//}xi<4//€ C
¥ - - 2 N . :
’ N L8 of 5T flange s 29325 L pue 2z vad L
/525 J5EY L
~ | ' ' B
. CAv: 7 T4X. 996272 % 90/64 1n : :
: l '4
'/M 2/91)4zf230 46 —fismox,.«fm T rs.86 0 cquaxm-
l .i
WMa = ;{')/J e /m/., . !
i [ . .
oo Mot 18041 3750 i
N I ':,:;:":'" ‘
_ Zﬁ : iz " Tay ;
. 3 :." [ o L . : . e
- - N ! -
: 2750 pi o0 Mii4e 5 «wwa 4+ "r
: I3 e ,::frs‘& ferwt e /,ve.// ,A_e/’m i/ c‘:’»:? c/u/@? HEL,
N /})ﬁ?/.)‘:’, . . : L - . i
i ;
1
: : o .:
| 215 034




8 -
T,
N
i
t e
»
.
-
5.
A 4 R4
Y
.
.
,
-
g .
3
N
)
et
-
ES
.
-
'.‘
Pl
oy
R
~
\8

DA 4_ 5 7K w"..SSNCﬂ/?’f‘v K

Ve

) g 4 ; 3
S hoek Load Fig

Sracc f*;*t»/wrm f/wr /o

’

. T ,- - .
e 1 I 2 AL ¥

i

r o A ‘
’E s S C B o 576 A2

. : : S .
%/ ¢ }/f'w & ﬂ'x/f;; £ d €

e A
A F »Joﬁ/(.f-!;;_/“..’b:

st ' ' )
ATE ey PNE mand e J /1 A p7-<
: /

by e i KT ,«? 2F ;
: A

S f; :
g . : 4 ;- ;., s
Jr.:} 4 ("h/ / ;P'ffC/‘ .;j /"{';“'i ;".51:5 A3

. i ¥
-t
g SA
P {
:
.‘Y i
N -

)

'/rr /V -

“f XTI x

f‘f:z.:;y.:,ar axJ wymﬂzx, ,'

.‘.;v‘ 7i~

L (._4«{’”»?47_ Kot ,£§, i / ?‘"ﬁ"' Cps,

s

ESNr

Sssmpsle /; G rerentle

v
g

i wived e prodice 42 pad
B ¥ , .

- Jl?‘d&h .

{
Hi

-

é,{f' /Z/?e/f o «L«c:f;w“ a?"f";""f'i

o~

110 A€ (/ 5//'7«; < ';fazf: e 7

.() iy
,,5 ff

/{}?’vc‘f'(iﬂ/v:f

X

’,,-1 A vufﬂ

v‘.

£

R Fis E.;;' R
!
€4

M’c‘/ ,‘s/’ ‘ y
FEENA7 R X ﬂt:(g;‘/z’k’&lj* VIO R Fad

B

S sy Yo

o @2,

i

Ve 87 ){3 .1' i

prep g

-~

. ¢ : 73
bvj RAg S5 AR ray )
P S

4

' ',/ o R
o5 H

.

RS b e '
i ’34 e

. ' { o -
~———— w—crr e e . modme o e . I .
) ¢ ” ;

. ! £

. . i [ : -
- .. L X 4 8z [ R 4 ; ; '

s L ? S g ot Fhr g e s 5 2 4y / o ARFrY ; ‘o
/o dide e £ g il ’f: e 3 LAt ey f‘f{f‘lf eich ,%/-e?e‘ffﬁ’;'f'
3 Y. ¢ ) ' ’

o /; o Frit SFELGE Fer B0 MK :jf’ v g ¥ AL e / /:r /ff47
’.' L & A . -

R ‘sfig? Coses

e

/‘uﬂ, c/r’ "%‘ 'fg’ 5‘ B

P S

At




Oy S

T - T =
i . - . of ”
L. ° f . ° [ . ‘,',‘. ,ﬁ,

=0 o i

. );“;t:[\ .5#;5:) C/:(N( | S A (‘”‘{’4 ’;‘”” «ﬂyf}?’ ~,

5 Grp/}gi’x/amd/ ;’é) M,'M‘,:f] f’ﬁf?( MA (/ /‘) ’/7-/"”(“/ ’f/‘ﬁ?é”f
S

. et
A, . - -

CR 47 ?"‘"f;-t-.;‘zui'f"‘}“.:fﬁ'?”'ffe‘/. S S .
® g2 ;_ J«m( /5 é RS 54 u/ ado : -

“7.2 ¥, ‘i««-‘f’*’ fe -9'&«? *'»': / ‘750/ "’“"‘
.9 !

L] ;
("w

a2

L : . ) v
, ‘ . P / 45" 0 Lt 4+ 7
' Coa B PR YT TR fro;‘—

j Vﬁ‘#:' 32
- 3 Is C e
L@ & } . ..~ .

. é\ il

R S22 x "7 X 32 dee T .,e""iﬁ""j‘ 22 ' .
| L2 L €28 x?~/ seo & FICG G890 :
3 3 "9 %z0 oo ‘ : R,
~. Sal .. ' o . ' . FEEE
. < M . L . ' - “"<
* 3 T3 8 e sz‘x} = //5oa P
. b - R P 4
‘b\“ v " ‘: . — %
N N ez :
Av] @& .
~ g g
Tl ..3“,:’“% So o F ca /fc.k;« ;{4_ /7}}{ hrces F g‘/wé{r;. }w‘v{ :/'.-44 Feigr€ “IE
. : : L/ y R o
Carg il i g5 T 4o = 0///;7 4//4 o f ,'w,q Sonce . Ahe S Fisir £ s
: /)')V':é‘f/b((d/ o /’.7/;;(4 # L
o4 . .
! . Code .
. .“"«.»{,(;9 98 Ftwind ot ccr;4/ v cu /e u/mfc */a H'fi'f":f /i &y as
; / . 4 : A
. 4 ' P"' - ’( / Jfﬁ S'm, Yy ko ‘,/;‘ . g/’ ff“:' ;"_/ﬂ Yy s
- G goarid e £ é b Fhe Seome fsad Facker. o
\ T 4 o SE b 1T s /i doire ) s
TAen Fhe dmp [iFude o f X (” For fhe 17 cusghpaciurs /25
. ;; . - ¢ i g . ' -
IO X2 S
xe L2222 44
: - (7T | : Ty
2 - é:‘f?’a(;.?{;é FaALE A s b fe' so 4:-’/(() L
-, . v » . /, e 2 e ‘ [
“ N 4{.; . VA, 9("/& s | GAEL )‘ & | .
z;{ R b
-
/v
Ll
i
L

S X AU s o g y«ﬂ:l , ,gw, wemy - g L
Lo ¢ o mpmErT " B
(/ ;‘,, /}i ié -,-5 /6’ //') jj ._f ry i'f;}"’ ;Lé'?""‘fv .

/‘l]!;mrr /)«nmn/u. s 567["1 L *4/":3 *ﬁi‘f’ B

Jﬁw;/@i r,tfxgr?»(",

l

R Qi:?:;;S ﬂ36

P

. e el R T s




CALCULATION SHEET 9

: Shogk Stress Check

A summation of forces as before produées: . _

- | 11.,700',000 m,- of which f'%%% is carried by k), This gives a

e stress of 3250 psi to campare with the previous 58 psi. The |
discrepancy is undoubtedly due to the fact that X3 and xg are
éd nearly equal that small errors in either show up as lafge
errors in the spring forg:e, while the force\eomputationl is not
similarly affected, |

For the saks of comparison, equation 37 of NRL report Lh2o® was used
%o compute responses in the first three modes, witi: a step
velocity shock large enough to givér 42 g on mass no. 1. i’he.

_ stress in k) was 4520 psi in the first mode, <2760 psi in the

i

c ’ ' , - ‘second mode, and =T180 psi in the third mode,

"

e From all of this we can conclude that, zs usual, when a stress
computation depends upon the small difference of large

quantities, as for k) in mode 1 of Figo 6,
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CALCULATION SHEET

s accurécy of the computation cannot be high. This 18 trus

whatever the style of computation, since the mode shape does
not ehange, It has been the Author's expariemce that, if ths

mathematical model of the structure is reasanably valid, and
ir the galevlations of éodal behavicxr suffer in éemxfacy by

reason of small differences of hr§e~ quamtities, then La‘te?

msasurements on the actual stmtzme» will show considerable
variation, almost as if the shructuzve were in a conditictn of

msta stable equilibrium, Ri and &, will show no discrepan@'
in various styles of computation in -this structurs (Fig, 6),

for exampls, but lgwill,

D D e G D D D e A o o S

design work and for stress estimates
a strong case can be made for using calculations liké thoss

on Sheet 7 and the top of Sheet 8. For more refined

calculations and for higher modes, see WRL Report LLi20.

Eech individual designer or analyst must judge for himself

how far to go in a specific problem.
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. VELOCITY~SHOCK DIAGRAMS FOR TWO~DEGREE VIBRATION SYSTEMS

R. B. McCALLEY, JRr., Engineer, Knolls Atomic Power
Laboratory, (operated for the Atomic Energy Commission by General Electric Co.,) Scheneciadv, N. Y.

Increased mobility of electrical and electronic equip-

signers in calculating the various paramcicrs of two-

T ment is one reason for current interest in the protec-  degree linear systems which are required to specify
“ tion of equipment against shock and vibration. Not  shock-mount or equipment characteristics.
-. ? only are chassis being shock-mounted, but the various Two typical problems can be solved with the aid of
: components as well, This article is intended to aid de-  the charts: :
‘ 9
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L. Given a piece ol cquipment, what should be the
mount characteristics?

2. Given the mount, what should be the equipment
characteristics?

The charts apply to systems with two degrees of fre-
dom when the base is given a step velocity, V. The sys-
tem (k, m) is the equipment or element to be pro-
tected while the system (K, M) is the cushioning
mount.

Nomenclahire

mount deflection correction factor
acceleration of gravity (386 in. sec.?)
equipment or element spring constant (1b. in.’?)
mount spring constant (Ib. in.")

load factor ratio

equipment or element mass (Ib. sec.? in.”?

M = mount mass (Ib. sec.? in."?)

n = load factor for mass m (number of g's)

r = frequency ratio of equipment to mount

g R"RUC
I

x=vt

= time (sec.)

= shock transmissibility -

= step velocity on base (in sec.’?) .

== absolute motion of base (in.)

3 = maximum deflection of spring k (in.)
maximum deflection of spring K (in.)
stiffness ratio of equipment to mount
= mass ratio of equipment to mount

o = uncoupled equipment frequency (rad. sec.’?)
Q = uncoupled mount frequency (rad. sec.-)
cps. = cycles per second

Ib. = pounds force

rad. = radians =

sec. = seconds

t
T
A4
X

® > Db
L

Equations
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Values of T, D, and L may be read directly from the
charts using any two of the three variables:

K » M r:—;’—l-z\/—}-

The chart for T is particularly useful where the
equipment characteristics are fixed and a mount must
be selected to reduce the shock transmissibility. On
the other hand, the chart for L is convenient where
the mount characteristics are fixed and the equipment
must be selected to survive the shock loads.

In cases beyond the range of the charts or where
higher accuracy is needed, the functions may be com-
puted from the formulas:

k m

<25 R*n

r(b+r)4 A

T Ve VI+1)+2

T =

== 386.1 in. sec.”?
==x 1500 1b. in.m?
=== 500 lb. in.?

]

V(=124

Numerical Example

=== 4.00 1b. mass — 0.0104 1b. sec.? in."t
== 10.00 1b. mass — 0.0259 1b. sec.? in.-!

== 20.0 in. sec.t
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O = Vyr = 380 rad. sec.' = 0.5 cps.
0 = VX = 139 rad. secr = 221 ops
¢ = S = 22, 5.
) A '::—L = 3.00 p =T _ 0.400 r = -2 — 253
K M aQ
\ . Vv m _—
- = 005% 0. — = \/H_ﬁ.: 0.170 .in.
Vo197 Y2 _ 799
g g

Using any two of the three coordinates; A, uw and r,
the values rcad from the charts are:

Al

so that

— VT 0009 —p Y g7
5§ = T:== 0022 in. A =D a 1 + T 0.17 in.

o

n = Yoo o YO gy )
8 g
Acknowledgment:

Two of these charts are taken {rom the author’s
paper entitled: “Velocity Shock’ Transmission in Two
Degree Series Mcechanical Systems” which appeared in
Supplement to Shock and Vibration Bulletin No. 23
(unclassified), published by the Office of the Secretary
of Defense, Research and Development, Washington,
D. C., June, 1956. The original paper contains the
mathematical derivations which are too lengthy to

T — 041 D = 099 L = 1.12 include here.
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