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DISCLAIMER 
 

This report was prepared as an account of work sponsored by an 
agency of the United States Government.  Neither the United States 
Government nor any agency Thereof, nor any of their employees, 
makes any warranty, express or implied, or assumes any legal 
liability or responsibility for the accuracy, completeness, or 
usefulness of any information, apparatus, product, or process 
disclosed, or represents that its use would not infringe privately 
owned rights.  Reference herein to any specific commercial product, 
process, or service by trade name, trademark, manufacturer, or 
otherwise does not necessarily constitute or imply its endorsement, 
recommendation, or favoring by the United States Government or any 
agency thereof.  The views and opinions of authors expressed herein 
do not necessarily state or reflect those of the United States 
Government or any agency thereof. 
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of permanent BBL Fatigue strength may ba of significance only if 

To dmmmarizEe, what l3ttle is k n m  of dynami<: damage cr i ter ia ,  perhaps 

the best that. can be done is to U5t som dous and donots which t b  

author has f o m d  to be good des- practgce,, ae follows: 

A ,  Tlibmfaoxi 

1, Avoid re&iom% Babration wherever possible. 
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and 8 in Table lo The o v e r a l l  effect of this amunt of errw in mass 3 

f b x i b i l i t y  on the resultbg frequencies and mode shapes will bs less 

than 5 percent bseause of: the largo f l a i b i l i t y  of mass 1, 
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Xo 'BIB confidence one can have in bo%h masuredl and predicted 
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vibration stresses caxa be estimated in s M l a r  faskkon fron the results 

for the mods1 of Pig ,  

used dn conjunction wtbh these stmss edcdlations for the foXbwing 

reasons: 

IQ should be noted thatl the word e s t h t s  $s 
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t estimates apply LO shock as to vibrat%oao 

Copsider no& the problem of shock and wibratgorn fmm the 

tihe control mchanisIILs,would have had to kr cons:bdes~Q In the mauses Qf 

F i g o  OF 6, As fL ia9 quite acceptable re:sPibts can bs abtaislod by using 

the reactor vessel response to shock and vj.bra%ion as th8 excbtatlsn for  

the control  mechanism, 



I ,  

arsoii3.d corn ou% neat? $he 54 cps obtained witb Figt2 bo 
soLution for Fig. 6 was used for illus-trat%.on of methods, but the hQbr 

frequency corrected value w i l l  now be ueed since it provides a mre smmm . 

(The lower fmquemy 

I1 
= 0,022 jg@s, 

/j 

So tihe problem reduces t o  this:: 

The highest frequency vibratfon excitation is 32 cps at 0,005 in. 

A 5L cps reactor mssex stmcturc would respond to this excitatgon 

I 

Since the lead screw is never less than ab&% 30 pglo effective lmgplh, 

the strain is 0,000007 ob a b u t  200 pslb, !€!he 0,022‘ g *s times the 

effective weigh% of the haterial. mpprted iFy the lead screw, d i v i d e d  by 

* I /I 

11 I 
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the area of the Lead scdm givers a stzess olf about 5 psi ,  

either of tfasse bases vibratfon is XIQ problem as far as the lead screw is 

Conaesqucsn5ly on 

concerned , 
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d VELOCITY-mCK DIAGRAB FOR TweDEiEREE VIBRATION SYSTEEaS 

R. B. MCCALLEY, JR., Engineer, K n d s  Atomic Power 
Laboratory, (operated for the Atomic Energy Commission by General Electric Co.,) Schencr u d v >  N. Y .  t 

Increased mobility of electrical and electronic e q u i p  
ment is one reason for current interest in the protec- 
tion of equipment against shock and vibration. Not 
only are chassis being shock-mounted, but the various 
components as well. This article is intended to aid de- 

signers in calculating the various pararnci ( ' 1  s of two- 
degree linear systems which are required to specify 
shock-cnount or equipment characteristics. 

Two typical problems can be solved with the aid of 
the chavts: 

** L . . 
L 
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CONTOUR CHART OF MOUNT DEFLECTION FACTOR D 

A - 1  
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1. Givcii . I  ~ J K X C  o i  C ( ~ \ \ I ~ M I I C ~ ~ I ,  wli;it should be the 
mount characteristics? 

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

The charts apply to systems wiith two degrees of fre- 
doni when the base is given a step velocity, V. The  sys- 
tem (k, m) is the equipment cm element to be pro- 
tected while the system (K, ]\.I) is the cushioning 
mount. 

Nomenelattiire 
D = mount deflection correctiion factor 
g = acceleration of gravity (386 in. sec.-2) 
k = equipment or element spring constant (lb. in.-l) 
K mount spring constant (llb. in.-l) 
L = load factor ratio 
m = equipment or element mass (lb. sec.2 in.-' 
M = mount mass (Ib. sec.2 in:') 
n = load factor for mass m (number of g's) 
r = frequency ratio of equipment to mount 

x=vt 

t = time (sec.) 
T = shock transmissibility 
V = step velocity on base (in sec.-l) 
X = absolute motion of base (in.) 
8 = maximum deflection of spring k (in.) 
A = maximum deflection of spring K (in.) 
A = stiffness ratio of equipment to mount 
p = mass ratio of equipment to mount 

~2 = uncoupled mount frequency (rad. sec.-l) 
cps. = cycles per second 
lb. = pounds force 
rad. = radians 
sec. = seconds 

= uncoupled equipment frequency (rad. sec.-l) 

Equations 
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Values of T, D, and L may be read directly from the r.(l +r)+.A D =I - d m  charts using any two of the three variables: 

p =- m r = -- " e  k 
K M n -  A = -  

T h e  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 1, is convenient where 
tl!e mount characteristics are fixed and the equipment 
must be selected to survive the shock loads. 

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

1 T =  dFiFTY- 
Numerical example 

g ==: 386.1 in. set.-* 
k z:: 1500 Ib. in.-' 
K =IT 500 lb. in.-' 
m z=: 4.00 lb. mass = 0.0104 Ib. sec.2 in.-' 
M :=I 10.00 lb. mass = 0.0259 lb. sec.2 in.-' 
V ==: 20.0 in. sec.-1 

CONTOUR CHART OF LOAD IFACTOR RATIO L - 
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V,, 

E -= 19.7 
F: 

C .  

Using any two 
the values rcatl 
T = 0.41 

Vf-2 - = 7.20 
g 

of the three coortlin;ites; A, p, and r, 
froni ilic charts are: 

I‘) = 0.99 L = 1.12 

V,,, VQ 
R I: 

n =z -- T = - 1. = 8.1 (g.5) 

Acknowledgment: 
Tim of these (Iiarts arc taken Eroni tlie au tlioi ’s 

paper entitlet!: “Velocity Shock‘ Transmission in  T w o  
1)cgrc.e Sei ies Mcchanical Syyterns” which appeared i i 
Supplenient to Shork antl Vibration Bulletin No. 2 )  
(UnclassiIied), published by the Office of the Secretary 
of Defense, Research antl Development, IVashingtnn, 
D. C., June, 1956. T h e  original paper contains the 
mathcxmatical tlerivations which are too lengthy to 
inrlutle here. 

C O N T O U R  C H A R T  OF SHOCK T R A N S M I S S I B I L I T Y  T 


