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DIRE CTOR NOTES
The shock and vibrat ion communit y is deeply saddened by the death of Dr. Elias
L. Klein on Januar y 9 , 1977. He was truly one of the g iants of our profession and
meant a great dea l to me in the early years of my career . Important among his
many accomplishments was what is now the Shock and V ibration Information
Center. He was also res ponsible for organizing the first 25 shock and vibration
symposia.

How did Dr. Kle in impress me when I first m e t  him in 1952? My impression was
the same as that expressed by George Bernard Shaw , ‘Common sense is instinct.
Enough of it is gen ius. ” I don ’ t pretend t hat t his revelation came to me during our
f irst meeting, because it takes time to fully apprec iate such a man. Dr. Kle in ’s
notab le scientif ic talents were applied while his feet were f irmly on the ground and
his head set squarely upon his shoulders . He was more interested in recognizing
the work of others than in seek ing recognition for himself . The aovancement of
technology was h is goal. He recog nized that the future lies with the young and
constantly worked to inspire confidence in t hose he met .

Dr . Klein was my fr iend. The relationshi p we had has been described by
Emerson . “A Friend is one before whom I may think aloud . ” During times of
uncertainty, I could discuss my alternat ives wit h him and feel assured that his
gu idance would be constructive . I shal l m i ss him . All those who worked with
him will miss him . On behalf of all of us , I extend sincere sympath y to his wife ,
Bertha. Be assured that he touched the lives of many.

H.C.P.
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EDITORS RATTLE SPACE

MOTIVATION FOR REVI E W ARTICLE

Physics Today recent ly published an editorial by Brian Pippard of the University of
Cambr idge entitled “Encouraging the Scholar ”. His opening statement is worth
repeat ing: “I have a modest suggest ion to make -- we should take steps to raise the
scholarly art of wr iting review articles to somewhere nearer the status of an original
research paper.” In Pippard’ s opinion , a wel l-written review article should be useful
to both young and establ ished scholars and should consolidate knowledge within
a specific technical area . He a lso feels that a good reviewer should be rewarded for
th is work with some sort of prize.

I agree w ith Pippard’ s view s and can add a few of my own , namely that a good
crit ica l review should contain not only an evaluation and a condensation of know-
ledge within a small technica l area but also information about techniques and data
for solving practica l problems. It has long been my opinion that a good review
art icle should command a status equal to that of any other scholarly document.

Rev iew articles and tutorials are published regularly in the DIGEST , Even though
such articles are not as prestigious in a professional sense as a paper containing
or iginal research , some engineers have taken the time to write comprehensive and
useful art icles. These authors are to be commended for their sacr ifices in the
absence of any obvious reward , for rev iew articles will attain the status of research
art icles only when the idea is accepted that both contribute to the literature of a
tec hnical area.

Most engineers enjoy reading a well written review , but few are willing to give
pr iority to writing one. Unt il this priority changes and the status of review art icles
is raised , few good reviews will be published.

R . L . E .
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A REVIEW O F SHO CK RE SPO NSE SPECTRUM

Yuji Matsuzaki

The objectives of this paper are to review the principal LINEAR SYSTEMS
developments of the shock spectrum technique. Analytical
as,oects are emphasized. Linear and nonlinear ss’stems are The equation of mot ion for a force shock of a single.
treated separately. Use of the Fourier transform as a des-
criptor of the shock response is briefly mentioned, degree-of-freedom system ( Fig. 2l is

Dynamic responses of a structure subjected to shoc k 
~ + + ~~

2 x = —a— f lU h a l
loadings are complex . The shock response is deter- m

mined by vibrat ion characteristics of the structure The equation of motion for a ground shock is
and the type of loading. In practical design problems ,
the deta iled time history of the response is not y + 2~u.y + u. 2 y = -s = -af(t l f ib )
always a major concern , but peak responses - -  induced
max imum displacement , acceleration , stra in, and where ‘i, w . and m are , respectively, damping d o ,
stress -- are s ignificant. natura l frequency , and mass. For the force shock , x

is the displacement of the mass. For the ground shod
A shock response spectrum is a plot of the peak y and s are , respect ively, the relat ive and ground dis-
response of a single-degree-of-freedo m oscillator to a placements. The absolute displacement , x , of the
specific shock exc itation; the spectrum is a function mass is
of the natura l frequency of the oscillator. Figure 1
shows typical shock spectra of a half-s ine pulse for x y + s 12)
different damping rat ios [34] - From these spectra
values for the mass , spr ing stiffness , and damping of The amplitude of the loading funct ion , of (t I, is
the system can be selected so that the response does determined by the parameter a because
not exceed a specif ied limit. If the system parameters
are given , an allowable maximum amplitude of the f It) >0 for 0< t < t o
shock load can be determined. The characteristics of (3)
the shock force are not necessarily known a pr iori. f(t l 0 for t ~ 0 and t ~
Hence it is important to assess the type and severity
of the excitat ion actually applied to a structure. For and max f (t ) = f(t ml = 1
a se ismic-type loading, the shock response spectrum 0<t<t0
can be obta ined relatively easily with a multi-fre-
quency reed gage 136 , 40] - Information about In these equations to is a duration and t m is a rise
ground shock can be expressed in terms of the shock t ime. If iltI rises monotonically to a peak value and
response spectrum . falls back to zero , it is called a s imple pulse 113] . The

impact load of a typ ical airplane landing is known as
The concept of the shock response spectrum was the simple pulse [ i i]
or iginally developed by Biot 15] in 1932 to examine
the effects of earthquakes on structu res. The shock The solution of equation (la) for an initial condition
spectrum approach has been extended and applied x(0) = ~(0 l = 0 is described by Duhamel’ s integral
to a large number of engineering problems in the
areas of seismology [ 5, 6 , 25 , 261 , nuclear explos ions ~~~ = __i±L1

t f l~ ( e’7?~~(t’~
) sin

~
c,)V’f~

T (t-
~II d~[3 , 23] , aircraft landings 11 1, 31] , launching and a ii? 0

separat ion of sub-structures of space-vehicles [2 . 7] , =
~ < It)

responses of an earth-moving veh icle [30] , and 14)
package cushioning [34 1

Nationa l Aerospac e Laboratory , Chofu , Tokyo , Jspan
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Figure 1. Shoc k Spectra of a Half-sine Pulse [34 ]

X( t )  is a ratio of the displacement to the maximum
stat ic deflection. The time , t~ , at which the response ~~2 Ix) lx i
reaches the maximum or minimum peak is given by S(u.i( = 

max max 
= 

max
si (SI a

— 
max max

dt 
~~~~~ 

if the damping is sufficientl y small [34] -

The nondimensional peak displacement X (t ) is aP 
- The shock response spectrum is not as sensitive as

function of the natural frequency , Sv(u~) that is , the time history of the shock force . This fact was
max ~X ( t )  } = X (t ~~) = SX kM. A plot of 5X1°”1 discovered by Shappiro and Hudson [40] and con-
against a frequency parameter Wt m/lt or wt 0 /ir is firmed by Fung [18]
called the displacement spectrum , ampl ification
spectrum , or shock response spectrum . The velocity The spectra for some simple shocks have been eval-
and acceleration spectra are def ined as the peak uated analytically [10 , 27] - Analytical calculation of
values of *(t) and X (t ) ,  respect ively; max ~ X ( t }  peak response to an arbitrary shoc k is usually in-

S~~(w) The peak response, which occurs before or adequate , however , particularly for damped systems .

after t=t 0 ,  is called , respect ively, the primary or Analog and digital computers are used to obtain

res idual shock spectrum . For the ground shock the shock spectra. Charts of the shock response spectra

shock response spectrum can be defined a~ 
of 

- 

a linear , singfe-deqree-of-freedom system are
available [1 . 4 , 17 , 37] - A number of analytical
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investigations at known frequency ranges have been High-frequency Case
performed by Futig and Barton [12 , 14 , 15, 17 , 18) - For the high-frequency case [1 2] , w >> 1 , f It I is
Their theoretical analyses ire described below, not necessarily positive but is assumed to be contin-

uous and different iable . For s implicity, the zero
Low-frequency Case damping case , i~ = 0, is considered. Equat ion (4) can
For the low-frequency case [12] , w<<1 , assume that be rewr itten as
the damping is small -- i.e., p2 <<1 -- and expand the
sine term in equation (4) to obtain X It) = 10 f I t  - 

~
) wsinw.~d~ (13)

X It) = R U) e -77wt s in [wt - ~ 
(7) Integrate parts and use f(0)=0 to obtain

where  
X lt l  = f It I - f  cosu.,~ d~

R It) = w lB
~

2+ B 2 ) 1/2 The integra l vanishes as w tends to infinity according
to the Rieriiann-Lebesque theore m ; therefore ,

0 It) = arctan (B~ fBc )

B It I = f )~
) ~~~~ coso,,Ed~ (81 

~irn X ( t )  = f ( t )  (141

B It) = f )~
) ~~~~ siirw~ d~

This means that , if the period of the oscillator is
suff iciently short compared with to , the response
tends to be the same as the load ing funct ion. Hence

When w -~ 0, ~im 
~~ 

1w) = 1 1151
w-* 00

0 — * 0 , and R -* wf~ fI~ ) d~ 19) In this case t~ is the same as tm. A more accurate
result is possible with an asymptotic expansion

RIt) increases inonotonically with increasing t .  m ethod [ 12]
Because w << 1 , the peak response is considered to Qim 5 1w) = 1 — ~-~~~~~ -— sinwtoccur at t>t0,  i.e., after the shock has terminated. X w m 1161
For t>t0,  R and 0 are constant. The peak time t~ and 0) + 00

the peak displacement can be calculated from equa-
t ion 171 as At the high frequency range the spectrum is a wavy

wt - ~ It 0) = curve w ith a “period” of 0)tm = 2ii.
2 110)

Arbitrary Frequency

S (w) ’X lt )=R(t 0 ) exp [. fl l~TI2 + 0(t o ) }  ] For the case of no damping, some analyt ical expres-
X P ( 111 sions for t~ , S

~
Iw),  and the slope and curvature of

S~~
(w) have been der ived [18]

Differentiating equation (i i) with respect to w
yields , respectively, the slope and curvature of the It follows from equat ions (15) and (161 that the
shock spectrum at the orig in: spectrum of the continuous force tends to unity as

dS ,(w) 0) —~ °°. However , this is not necessar ily the case for

dw = exp(- m~/2) f
0 f I~ l d~ 

shocks that are discontinuous with time . For exam-
w 0  pIe , the shock spectrum for a square pulse approaches

two as w increases. Fung [14 1 has presented analyti-
d2 Sx (w 1 cal forms of spectra at high frequencies as well as the

= 0 (12)  shock spectra of the shocks.
do,,2

w=0
The shock spectrum can be used with the normal
mode approach to assess the maximum responses of
a linear , multi-degree-of-freedom system . The upper

5
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717 af(t) I w 1
~~rnax 

~n~ 1 ~~ 
(t l max 9n ~~ (18 1

I 
m i C This estimation is a close approximation but does not

p assure conservativeness. In order to supplement

k 
Blot ’s s imple estimate for the upper bound , Butzel

C k , C and Merchant [81 proposed a lower bound estimation

I of the shock spectrum . If the upper and lower bound
estimates fall w ithin a narrow region, they provide

____________ a powerful too l for evaluating the maximum response
‘‘ ‘ T ’ ~ ‘ i” .’ “‘~~~~ ~ ‘‘ ‘ of a complex structure

(a) (b)
Because damping influences vibration , the effects of
damping on shock spectra have been examined by a
number of invest igators . Only viscous damping has

been stud ied thus far; shock spectra have been pre-
Figure 2. Linear System Models sented as a half-sine pulse [34] , a trapezoidal pulse

(a) Force shock , (b) Ground shock [131 , and several shock pulses (37] - Damping is
(k: spring stiffness of a massless beam , c: damping ) sometimes so small that the undamped spectrum

can be used for des ign purposes. But damping does
of course tend to suppress shock response and thus

bound for the maximum response has been est imated must be accurately estimated. McGrath and Bangs
by Biot [6] ; he superposed the abolute values of [33] applied a statistical treatment to experimental
the maxi m um responses for each normal mode- data to calculate conversion factors for chang ing

N spectra from one damp ing value to another. They
(w )r , t ) l max ~ ~ I ~~lt) I - I iji (r) I assigned a damping value to a system subjected to a

n=1 max n 
117) known shock at low frequency [32] and calculated

a spectrum .
where w , qn. and 0n are , respect ively, the total
response , the normal coordinates, and the normal When a mass supported by a spring and a damper is
modes that satisfy dropped, the acceleration of the mass is a decaying

00 s inusoid. Mindlin [34] used this model for package
wlr , tI = q~ ItI 

~‘n 1r ’I cushioning analysis and performed a systematic
n=1 study on the amplification spectra. The shock spectra

The symbol ~ denotes a posit ion vector . Equat ion for a series of decaying s inusoids have been published
(17) provides a reasonable upper bound for the [ 4 ] .  The shock spectrum of a decaying sinusoid
response of structures to earth quakes [25 1 - For excitat ion is similar to a curve of magnification factor
the airplane land ing problem , however , the results of the damped system sublected to undamped sinu-
obtained with equat ion (17) have been found to be so id excitation . Galef [24] used the analytical
too conservat ive [31].  The maximum response of expression for the amplifica tion factor to propose
this co m plex system has been investigated [18] an approximate formul a for the spectrum of the
with a method based on equations 11 4) and (15). decaying sinusoid.
If the frequency parameter is relat ively large in the
multi-degree-of-freedom system -- i.e ., to is large Actual seismic shocks can be measured with a simple
compared w ith the periods of all the norm al modes --  mechanica l device called a multi-frequency reed gage ,
the response of each normal mode shou ld be the the data can be used to plot a shoe k spectrum [36 .
samne as the forcing funct ion and should peak at 40] - The reed gage , which consists of a number of
t=t m. The peak response of the total system can single-degree-of-freedom mass-spring systems mount-
thus be obtained as a sum of the peak responses ed on a rigid base , can be used in two ways as a
of the predom inant modes. measuring device for ground shocks and as a dynam ic

6
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model represent ing the vibration modes of a struc- formulation of Fung, Barton , and Young follows .
ture exposed to a spec ific shock. The reed gage can
be used in strong electro-magnet ic fields such as Consider a single-degree-of-freedom system with no
those produced by a nuclear explos ion. Reed gages damping and a nonl inear spring
have also been used to specify shot parameters of
underground nuclear tests [23] - P (z) = k [z + 0 Izl 1 (19)

The shock spectrum is used for analysis and design where z and 0(z) represent , respect ively, a def lec-
of both simple and complex systems subjected to tion and a nonlinear effect of the spring. For pur-
shock. The shock spectrum can also be used to de- poses of illustration , the system is subjected to a
scribe a shock load. But it cannot always adequately ground shock and has a cubic softening spring de-
represent all of the essent ial features of a complicated scribed by
response. In certain cases, errors may exceed tolerable
limits. Schell [39] has pointed out errors inherent P (y) = ky - k 3y 3 120)
in the specificat ion of shock motion with a shock
spectrum . The equat ion of motion is

Equipment exposed to a shock may fail as a result of y + ~~~2 (y - Ày 3
) = -s It ) = -af It) (21 )

collisions of indiv idual parts. The distance between
the col liding parts is important and has been repre- where k 3
sented as a “proximity spectrum” (381 - The proxim- ?i. = —i— (22)
ity spectrum is the minimum value of the distance
between the masses of two uncoupled single-degree It is helpful to use the corresponding linear system
of-freedom systems mounted on a base that is sub- as a reference. The l inear system is obtained from the
jected to a shock. The prox imity spectrum is plotted nonlinear one by eliminating the nonlinear effect.
aga inst two independent frequency parameters on the The equation of motion for the linear system is
hor izontal coordinates , forming a three-d imensional •. - -

surface . y0 +w 2 
Yo = -s It) = -a0 f( t )  (1 3)

The suffix “0” is attached to the displacement and
NONLINEAR SYSTEMS amplitude of the forcing function of the correspond-

ing linear system. The load-displacement curves of
Most engineering structures have nonlinear load- the nonlinear and linear systems are illustrated in
displacement relations near their design limit; these Figure 3.
nonl inear effects must be taken into account when ~‘ AssocIXrED LINEAR
the structural response to shoc k loads is determined. SPRING
In a nonlinear system superposition cannot be used; — — — — — — —  —
each problem must be solved individually. In addi-
tion , more parameters are involved in the nonlinear
prob lem than in the linear one . As a result , the re- P&i) — 

sponse characterist ics of the parameters are compli- I
cated. I

N~J4LINEAR SPRING
Less work has been published on shock problems of
nonlinear systems than on linea r ones. In the earliest
study in this f ield [34] package cushioning for 0 Y
several types of nonl inear elasticity of a spring was 0 —

invest igated. In addition , systematic studies have been Figure 3. Load-displacement Curves
performed and nondimensional parameters have of a Nonlinear System
been defined [ 16 , 19, 20, 44 , 451 . The theoret ical and Its Corresponding Linear System

7
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In order to spec ify the nonlinearity of the problem This procedure can be repeated for a mange of valuos
in a compact form , Fung and Barton 1191 introduced of o~ and c . These values can be used to plot curves
a si-parameter , which they defined as follows. Let of S against the frequency parameter for several
the maximum allowable deflection be denoted by ifs. The resulting spectra can be used to that the
Es ; the maximu m spring forces are PIEs) fo r the peak value of the response of the nonlinear spring
nonl inear spring and kEs for the linear spring. The has a specified limit. Such applications of spectra
nonl inear parameter )3 is defined in terms of these to analysis and design problems have been explained
spring forces as in detail [451

kEs — PIEsI PIEs)
= 

kEs 
= 1 — (23j If the amplitude of the shock is the same in the

nonlinear and corresponding linear systems -. i .e..
for the cub ic softening spring if a = a0 -- the maximum static deflection of the

= ~~~2 linear system , 
~~~ 

is
124)

In addit ion , Young, Barton , and Fung [ 45] defined = 131 )

two shock spectra analogous to the spectrum given
by equat ion (6). One is a nondimensional absolute Hence , the coefficient of the nonlinear term in
acce leration spectrum equation (28) can be rewritten as

~~~~~~~~~~~ (
max /a (25) c=XEs

~ (32)

The other is a nondimensional relative displacement It has been shown that this physical interpretation for
spectrum c is a meaningful alternate to the nonlinear parame-

s ’  am = 2 i i / ter ~ 144] -w,a,p, 0) mym ~~~ia (26)
Other useful descriptors of the response characteris-

Two spectra for the nonlinear system are required tics of nonlinear systems include loading ratio L,
because IX i max ~ ~~~ 

~
1max’ displacement ratio H, and acceleration ratio J [19].

The loading ratio is defined as the ratio of ground
The followin g nondimensional parameters acceleration amplitudes that produce the specifie~f

2 
maximum relative displacement in nonlinear and

z = w y/a co rresponding linear systems.

r w t  a
2 a 

(27) L(w,a,~3) a0 
for 

~‘max ~
/0I max Es

c = -
~~~

- X =
w (Iz l max )2 

The displacement ratio is the ratio of the peak
relat ive displacement of the nonlinear and linear

can be used to rewr ite equation 121) as systems subjected to a ground acceleration of the

d2 same ampl itude .
= ~f ( ~r) 128) ‘~~max

H(w ,a ,13I I I f o r a = a 0
Note that  

y0 max

Izi = 
The acceleration response ratio is the ratio of the

max (291 peak absolute acceleration of the masses in both
systems when the peak relative displacement is the

For specific values of w and c , solve equat ion (28) same, that is ,
numer ically to obtain Z ImaX. Substitute Izl max
in the third nondimensional parameter of equation J(w ,a ,~~I = 

ax 
for ‘~ ‘ max = i’O l m ax(27) to calculate ~3: lx I0 max

$3 = I IZI max )2 c = ( S ) 2 C 130 1

8
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Arriong the u~ ’f ul melatio ris hips betwoun paramete rs F O t ~R I E R TRANSFORM
and spectra of nonlinear syste rris are the following OF A SHOCK LOADINC F’LiNCTION

H = J = 1 - (3. TI n ’ shock spectrum , althoug h it is a si n ip l i f ied
S = S(w l/L = 5(w ) H. mepresuntatiun of colmmpli ( ..lted dyrian nic responses ,
— is useful for m any applications. Because it does not
S S (w ) J / L = S  J - .represent a time history of the shoc~ response ,

however , the shock spectru m contains inherent
SIw) is the shock spectrum of the corresponding errors that cannot always be neglected . The Fourier
linear system . Loading and d isplace m ent ratios have transform of an arbitrary time function is roath e-
been applied in a force shock proble m [19] - matically equivalent to the time function , and the

Fourier spectrum can be obta ined rapidly and flex-
A bil inear single-degrc’e-of-freedo mn syste m has been pensively with fast Fourier transform techniques
analyeed by a numim ber of investigators [41 , 43 , 45] - [21 ] - Hence , the Fourier transfor m is useful for
The analysis can be div ided into a linear region and describing shock motion and response. It is well
a plastic , or second l i near reg ion . The governing known that , for the case of tero damping, the abso-
equat ion in each region is linear. The velocity ob- lute magnitude of the Fourier spectrun m of an applied
tam ed at the limit of the first region is an initial con- shock is related to the residual shock spectru m [37 ] -

dit ion of the velocity in the second region . The shoc k The running Four ier transform can also be used to
spectrum defined in the linear system can be directly describe the shock response . Fourier t ransforn ms
applied to the response in the second reg ion . Such a have been applied to shock analysis [28] -

nonl inear system has no inherent analytical and
numerical problems. But this does not mean that The Fourier and running Fourier transforms , with
analyses of bi- linear systems are of little importance respect to the frequency of the oscillator , w , and the
from a practical po int of view. A straighforward shock function f It) given by equat ion 131 are ,
analytical treatment of the peak response to a saw- respect ively,
tooth pulse has been presented [43 1 - The phase- 

— 
00

plane method is a powerful tool for solving nonlinear F lwl — I (U e d~ 133)
equations and has been applied to the peak response
analysis of a simple, bi-l inea r single-degree-of-freedom and
oscillator [4 11. tFlt ,w Hf 00

f ( ~ ( e  d~ 1341
In a l inear system having many degrees of freedom ,
shock spectra of various single-degree-of-freedom For t > t 0 ,
oscillators are used w ith the aid of superposition of F(t ,w I = F ( w (the normal modes. Because the principle of super-
position is not valid in the nonl inear system , however , Damping is assumed to be zero. Apply the running
response characteristics of a single-degree-of-freedom Fourier transform to equation ( la ) ,  integrate by
system are of no use. The shock spectra and various parts , and divide by a/k to obtain
ratios of the nonlinear single-degree-of-freedom sys- . -

tern have been extended to the peak response analysis X + iwX = w 2 e i0)t Fit , w)  (35~)
of a nonlinear , multi-degree-of-freedom system . A nu-
merical example of a two-degree-of-freedom system where
has been published [ 16 , 20] - Keniper and Ayre [30] =
modeled earth-moving vehic les as a four-degree-of- a 141
freedom system with nonlinear springs and dampers;
these were expressed as fam ilies of exponential Substitute -w into w of equation l36a 1
funct ions , and optimal spring and damper comb ina- .
tions were calculated. X - iwX = w 2 e iwt FU, -wI (36b( 
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From equ ationi (36): (37] and that

~~2 ~ ~~2 \ 2 ~~4 FIt , ~~)j 2 (37) 
S~ 1w) >w IF  lwl I

S~ (wl  >~~~
2 IF  Iwl I

Note t h at half of the left side of equat ion 137)
n ’ pnt ~s emn t s tutal energy that is imparted to the syste n n n . ihis m ethod has been appl ied to a nunrier i ,,nl ~~,m r . ;  In-

of an earth quake a n e l n m a h i on. T I nn -  nipper n u l l s
The runnin g Four ier t ran s for nnn is assu m ed to be in wore close to the displacen mor i t and vn:lu ty s ic  t n d

the for nm i uf over a wide frequency range [28] - The Fourier
spoctrun n of a lightly damped decaying sinusoid

Fit , wl = A lt , ~~) C ‘ 
138) conta ins a severely responding peak . Gabersori and

~ Pal 1221 proposed an est i nt iat e for tIn e dammip ing ratio
where of the s inusoid from such a peak of the plot of the

A lt , w) = I F It , wI l for 0< <t o 
Fourier spectrum .

= I F(wl I for t >t 0 CO N CLUDIN (; REMARKS

Olt , w I = - 0  I t - w I
The shock spectrum is useful for analyzing and

=-arctan I lm [ F( t , w I] / Re[ F(t ,w ( [  I designing var ious structures exposed to a shock

for 0< <to load. In addition to the papers listed in the reference ,
numerous articles treatir .g practical applications of

=-arct a n ( I n n  tF lw ) 1  /Re [F(w) I  I the shock spectru nn have been published. Analy-
for t > to t ical treatment of the shock spectrum is not always

Alt , w)  is an absolute noagnitude of the running feasible , especially if damping is included. However ,
Fourier transform . Let the nn ia xi nn r unn value of A lt , wI theoretical analyses , even though they are l imited ,
be SA lwl . i.e., help us to understand the general features of the

response characteristics. For practical purposes
SA (wI = nnax A lt , w I } (391 “shock spectrum analyzers ” [29] are useful. The use

of the running Fourier transforn im as a descriptor of
In other words. SA 1w) is an amplitude spectrum of the shock response deserves further study.
the running Fourier transform . Solve equation 1361
to obtain

X it) = wA ( t , w) sin (en - 0 it . w ) ]  (40 1
REFERENCESX ( t ) w A(t . w l cos [ w t - Ø i t ,wll

Fro m equations (39 1 and (40). 1. Ayre , R.S. , “Transient Response to Step and
Pulse Function ,” Chap. 8 in Shock and V:bra-

= nax X ) t (  <max wA lt , w(} = 
~

5A 1
~ 

1 tion Handbook , (Harris , C M . and Crede , C E . ,
(41) eds .l McGraw-Hill 119611.

Similarly,
2 2. Baniford , R . and Trubert , M . , “A Shock Spec-

S - ) w ( <w  S 1w)
A (421 tra and Impedance Mctfnod to Deter nnune a

Bound for Spacecraft Structural Le ids ,” A IAA
Equat ions (411 and 142) indicate that ‘~S~ lwl Paper No. 75-811 (1975 ).
and 

~~
5A Iwl are the upper bounds for the dis-

placement and velocity spectra , respect ively. Since 3. Barton , MV .  (cd l, “Shock and Structural
Alt , w I = IF (wIl for t > to ,  it fo llows from equation Response ,” ColIoq. Shock and St n c t o m iI
140) that the residual spectr a of dis place imn ent tnd Response , ASME (1960).
v n l o  i ty are w IF 1w))  and ~~2 (F (w ) I, respectively

10

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~



r ‘

4 Barton , M .V., C Iioh ,intiez , V., and F umig, Y.C.. 15. Furiq, Y.C., ‘‘On t h i n ’  Response Spectrun ni of
‘‘A C I I ’ , t u ) m i  of ln fur mm nati un on Stii,i . k Si ne L o w - F r i - t i e r  y Mass Spring Syster ris S i j h j ’  ted
t m ur nr  it a l. i n mi ’ ,- in Systenn t ,’’ Tech. Rep. No. to Ground Sl i ,  I , ‘ ‘  J. A n ’ iosismi .‘ S i r ., 29 ( 1),
EM 11-9 , Sirj i. ’ Tech . Lab (1961 1. pp 100-101 11962)

5 hi nt , M A . , “A Mechanical An alyzer for the 16. Fung, Y .C ‘‘S he I Rn’stion s~ of Mult i-Degree-
Predict ion it Lar tb nquak e Stresse s ,” Bull. of-Freedo m Syste m s wi th Nonlinear Springs ,’’
Sn ’ i~ in ud  Soc Ani on ., 31, pp 16 1-1 71 (1941) . Tech . Rep. No . EM 12-5 , Spac e T~-~Ii Lab

(1962).
C Riot , M.A ., “Ann a lyt i cal  and Exper inn iental

Mmm tfi ods in n Engi neering Seisnmto logy , ” Trans. 17 . Fung, Y .C. , “Transient Oscillations ,” unpub
Annier Soc . Civil Engr . 108 , PP 365-385 lished manuscripts.
( 1 )1431

18. Fung, Y.C and Barton , MV. ,  “Sonmne Shock
7. [f ij i ,ini:lli , L,L. amid Askina z i , .1 ‘‘Pyrotechnic Spectra Characteristics and Uses ,” J. Appi ,

Shock Synthesis Using Nonstat ionary Broad Mech ., Trans. ASME , 25 , pp 365-372 (1958).
Band Noise ,” J . AppI Mi’ Ii - Trans. ASME .
40 , pp 429-432 (1973 ) . 19 , Fung, Y.C. and Barton , M V ., “Shock Response

of a Nonlinear System ,” J. AppI. Month ., Trans.
8. But,el , L.M. and Mom n u t , II C.. “The Use ASME , 29 , pp 465-476 (1962 ).

and Evaluation of Shoi I. Spectra in the Dyna-
r m ni c Analysis of Stm uui  tures ,” J. AppI. Meidi ., 20. Fung, Y .C. and Schreiner , R N ., “Tables and
T rairs .  ASME ,40 , pp 433-438 11973) . Charts of tf ie Loading Ratio of the Shock

Response of Nonlinear Syste m s , I, I l , and I l l ,”
9. Cronin , D.C., “Response Spectra for Sweep ing Tech . Rep. Nos . EM 10- 23 (1960) . EM 11-10

Sinusoidal Excitat ion ,” U S. Naval Res . Lab., (1961), and EM 12-15 (1962) , Space Tech .
Shock Vib. Bull., 38, pp 128-134 (1969) . Lab.

10 . Franklam id , J.M., “Effects of I m pact on Simple 21 . Gaherson , HA .  and Pal , D,, “Digital Fourier
Elastic Stmuctumes ,~’ Proc. Soc . Exptl. Stress Analysis of Mechanical Shock Data ,” U.S.
Anal.. 6 12), pp 7-27 11949) . Naval Res . Lab.. Shock Vib , Bull ., 41 (5 ),

pp 39-52 (1970) .
11. Fung, ‘iC., “The Analysis of Dynamic Stresses

in Aircraft Structures during Landing as Non- 22 . Gaberson , HA.  and Pal , D,, “On the Use of
stationary Random Processes ,” J, App) . Mech ., Fourier Transforms of Mechanical Shock
Trans. ASME , 22 , pp 449-4 57 (1955). Data ,” U.S. Naval Res. Lab. , Shock Vib.

Bull ., 42 (5),pp 87 -96(1973(
12. Fung, ‘iC., “Some General Properties of the

Dynamic Amnp( ification Spectra ,” J. Aeronaut. 23. Galbraith , F .W . and Schreiner , R N ,, “Shock
Sci. , 24 171, pp 547-548 (1957). Spectra fro m Subsurface Nuclear Explosion ,”

ASCE J. Engr . Mech . Div ., EM5 , pp 1015-
13. Funq. ‘iC., “Shock Loading and Response 1027 (19681.

Spectra ,” Shock and Structural Response ,
( Barton , M V ., ed) ,  Colloq. Shock and Struc- 24 . Galef , A. E., “Approximate Response Spc’ Ltna
tural Response , ,ASM E , pp 1-17 (1960). of Decaying Sinusoids ,” U.S. Naval Res. Lab.,

Shock Vib. Bull ,, 43 (1 1, pp 61-65 (1974)
14 Fiinq, ‘iC., “Shock Spectr nm nn for Discontin-

uous Eo n mii i  Functions ,” Tech . Rep. No, EM 25. Housner , G.W ., “Behavior of Structures during
11-23 , Space l u ’ c , tn Lab. ( 1961) . Earth quak n’s ,” ASCE I Engr . Moth , Dlv ,,

Paper N i . 2220 , EM4 (1959).

11



26 Hudson, D.E . arid iti o smn i ’ m - ( u  2L , ‘ ‘St m ii tu mal 37 , Rubim i , 5,, ’’ Co mt ce pt s in Shock Data An alysis .’’

Vibra tions Pr,,ih uu ‘ii by Ground Motion ,” Cli, 23 in Shuck and Vibration Haodbuut .
Proc. Soc . Civil Em rq r. , 81 , l’, u i n ’ r  N i  816 nHar ris , CM.  and Cmede , C E ,, edt.), Mi ( u i a - ,’J

(1955) Hill (1961).

27 . Jacobsen , L.S. and Ayre , H S - [ny in m n : r ’ n in q  38, Si ti ll , E. H., “Proxi m r ri ty Spectrum nn -- a New
Vibr at ions , McGraw-Hil l  (1958). Means of Evaluating Stio i .k Motion s .” US.

Naval Res, Lab ., Str uck Vib. Bull ., 3E , pp 229 -

28. Jenschke , V .A., “Relations between Response 248 (1965).
and Fourier Spncn . tm :u  o f Shock t iii t ion is ,’ ’
I n t l .  J. Solids Struc ,, 6 , pp 1259- 1265 (1970 ) . 39. Shell , E. H., “Errors Inherent in the S~rn” h i

cation of Shock Motions by Their Sh I
29. Kel le r , A C . , Pollard , 8G., arid Andress , E.A. , Spectra ,” Inst. Environ . Sci., Proc . Annual

“Stnock Spect runn Analysis and Structural Tech . Meeting, pp 439-448 (1966),
Design ,” J . Enviro n Sci , Proc, 19th Annual
Tech . Meetim ig, pp 193- 21] (19731. 40. Shap iro . H. and Hudson , D. E ., “The Measure

nmlent of Acceleration Pulses with the Multi-
30. Kenmiper , J .D. arid Ayre , R .S. , “ O pti mnum mn Frequency Reed Gage ,” J. AppI, Mech - ‘  Trans ,

Damping and St iffness in a Nonlinear Four- ASME , 20, pp 422-426 (1953).
Degree-of-Freedon ni Syste m mi Sublectod to SIc ,, k
Load ,” J . App I Mech ., Trans. ASME , 38 , 41. Thonnison , W .T., “Shock Spectra of a Nonlinear
pp 135-142 (1971). Syste m ,” J. Appi . Mech ., Trans. ASME . 27 ,

pp 528-534 (19601.
31. Lea l , ON..  Bispling h o f f , R b., and Pian , T.H .H.,

“Studies of Transient Stresses in an Airplane 42. Vigness , I., “E lerrnontary Consideratio n s of
Model Wing during Drop Test ,” Proc. Soc. Shock Spectra ,” U.S. Naval Res. Lab,, Shoi .k
Ex pt l . Stress Anal., 6 ( 1 1 ,  pp 11 5-122 (1948). Vib. Bull., 34 (3) , pp 21 1-222 (1964).

32. Matsuzaki . Y ,, unpublished notes. 43. Woh ltmnan , M,, “Dynamic Response of a
Single- Degree-of-Freedo ncm Elastic-Plastic Sys-

33. McGrath , MB.  and Bangs , W E ., “The Effect tern Subjected to a Sawtooth Pulse ,” U.S.
of “0” Variat ions in Shock Spectrum Analy- Naval Res. Lab., Shock Vib. Bull., 39 , pp 729-
sis ,” U.S. Naval Res. Lab., Shock Vib. Bull., 740 11969).
42 )5) ,pp 61-67 (1972).

44. Young, D,, Barton , M V ,, and Fun9, ‘iC.,
34. Mindlin , R D., “Dynamics of Package Cushion- “Ground Shock Response Spectra for a Mass

ing,” Bell System Tech . J., 24 , pp 353-461 on a Nonlinear Spring, ” Tech , Rep. No. EM
(19451. 12-1 , Space Tech . Lab. (1 962).

35. Morrow , CT , ,  “The Shock Spectru m as a 45. Young, D., Barton , M V .  and Fung, ‘ iC,,
Criterion of Severity of Snuck Im pulses ,” “Shock Spectra for Nonlinear Spring-Mass
J . Acoust. Soc. An irer ., 2~, 15). pP 596~602 Systems and Their Applications to Design ,”
11957). A IAA J., 1 (7 1 , pp 1597-1602 (1963) .

36. Rubin , S., “Response of Com plex Structures
from Reed-Gage Data ,” J. AppI. Mech ., Trans.
ASM E , 25, pp 501 -508 119581.

12 

- ‘.

— 

. 

‘

-

- , :i .±, — — - --- —- 

. .
‘ -

~~

-‘ -



LITERATURE REVIEW~ ~i t i ~~~~~~~~~

The m n n o mm t ti l y L i te r a t u re  Bovin es , a subjective crit e~~n: and suurernr ,u ry  of the litera-— tore , co rt sis ts of two to four review articles nj ,IcIi nn n u nm mh , 3,000 ti . 4 ,000 w ’ ,rds in
length . The purpo se of this se m:t iom m is to ‘rese n t a ‘‘d eject ’’ of literature ove r a
period oh three yn r.mr s l’ Ia ni m i i r , I  by t h e  lnc . line .aI Editor , this section niuv id ’s the
DIG EST n n ’ ,jr ler w i th  iu ii - to ’date insig hts i m ’nto current technology in nnmore than
150 topic areas. Review ,mr mi l ’s  mu , l id’- t i -  hm u i ii i r ifommr iatn on fro m , articles , reports ,
and urnpublished mro e n’ u ,.h u min i s  I a hi m m t id e also contains a m inor tutori a l ot t h i n

technical ,mmn: ,m c i n der ‘ l i ’ ,ij ss i , imn a survey ,mr id evaluation of the new u i-r at io , amid
recom ’nmmi er n,l ,it urns. Review un i n ’  I. ‘s are w r i t  t i m  by cci  i i r r ts  in the shock and vibration
field.

This issue of the DIGES T i.r m i t ,m in i c  rn-v i ce’ , m i t i ’  l ’ s  on turb ine blading excitation and
vibration and on tI~ ’ iyn i,i ’ ., c s it ian i - r ’ , ’ b i anmo in i s  Dr. J.S. Rae of the Indian
Institute of T m ,  t nni u u’j y reviews the I 4 ’ r ,ul un u on hi led, ’ exci tat ion forces , vibratio n
of blades w ith large mci i i ’  t rat io , husk Iil ,mdi’ in tera ction , vnbration of blades with
smt m a ll aspect ratio , and ‘s t i r im nien ta l mm methods.

Dr. Chen of Ohio University review s t h i n ,  dynanniic aspects of the earn mechanism
including kine m atics , system m odeling and analysis , and syste rni response.
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TURBINE BLAIJ ING EXCITATION AND VIBRATiON

J .  S. Rao ’

Abstract - This article reviews the literature on blade excite- The theory of single thin aerofoils in nonuniform
tion forces, vibration of blades with large aspect ratio, disk- motion has been applied to calculations of the non-
blade interaction, vibration of blades with small aspect ratio, steady lift and moniments of stator and rotor bladesand experimental methods. 

[34 ] ;  incompressible and inviscid flow and the
Methods for determin ing natural frequencies of single transverse gust effect were cons idered. It was assumed
and packeted turbine blades have been reviewed [511, that non-steady effects at any blade were influenced
This article is a rev iew of methods used to study only by steady c irculation and not by non-steady
theoretical and experimental aspects of the blades effects of other blades. Effects of the passage of rotor
used in torbo mnachinery , blades through the vortex wakes of stator blades

were also investigated . A computer prograrmi has been
BLADE EXCITATION FORCES developed to determine the non-steady lift on both

stator and rotor blades [62] -

Most turbomach inery blade failures result from fa-
tigue caused by operation of the mach ine at or near The effect of viscous wakes has also been studied
resonant cond-.’ ons of a blade . It is possible to design 135] - The flow from the stator blades was repre-
blades for smaller machines so as to avoid resonant sented with an inviscid shear f low; experimental
or near-resonant conditions. As the size of the ma- results were m,j sed [72] . Davis [12] determined the
chine increases , however , it is impossible to avoid st imuli coefficients of blade excitation forces. A
near-resonant conditions for some blades. In theory, direct integral equat ion approach has been used to
the dynamic stresses of blades subjected to f luctu- determine the lift forces (41];  the effects of trailing
a t m n g  forces should be calculated. In practice , the vortices of neighbor ing blades of a passive cascade
determination of these forces is difficult, were also studied . A general computer program has

been developed for determining blade forces [53],
The determ ination of the non-steady forces acting on Mani (43] considered compressibility effects. Strain
turbomachinery blades involves both solid and fluid gage tests have been conducted for the last three
mechanics , Meaningful formulas for expressing the stages of a low-pressure steam turbine to determine
lift and moment of an oscillating aerofom l and a plane the sources of low harmon ic blade vibration excita-
aerofoil entering a sharp-edged gust were der ived as tion 149) -
long ago as 1938 131] .  Flow was assumed to be
potential and two dimensional , thin aerofo il theory The interaction between blade rows in turbomachineswas used. The trail of vortices was assu m ed to be

has been described [4 8) . The analysis for a singlea wake having the shape of a thin vortex sheet. Lift blade has been used to calculate the non-steady lift— and mom ent were calculated from induction effects
on cambered blades moving through periodic wakeson the blade profile . Both translatory and torsional in an axial flow turbomachine [46] ; design chartsoscillations about an arbitrary axis have been studied were expressed in terms of blade row geometry. Infor thin aerofo ils and small amp litudes of oscillation an expernmenta l study [1] the fluctuating force s on[71 ] ;  expressions for the l i f ts and moments have also stationary blades were m easured for various axial

been derived, The early work 131) has been extended
distances between blade rows; the results wereto account for a series of s inusoidally distributed compared with the theory [34] . Lift and momenttransverse Justs , the non-steady lift and moment expressions for arb itrary power law upwash have beenexpressions on a single aerofoil were determ ined. 
derived fro m results of generalized sinusoidal gust , inKemp (32] has studied the wake effects of stator oscillating subsonic non-steady thin aerofo il theoryblades on rotor blades of a simple turbomachine 
~~~ -having a row of each blade type.

Head, Industria l Tn ibo logy, Machine Dynamics and Maintenance Engineering Ct r . , Indian Ins titute of Technology , Dethi , India
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Horlock [28 , 291 determsrinecj lift fluctuations on an Recent solutions for special cases are reviewed below.
aerofoi due to a gust parallel to the undisturbed
flow , the results were com bined with Sears analysis The extended Holier nmethod has been used to
( 7 1 1 .  A new fun ction called Horlock’s function , deter m ine natural frequenc ies and mnode shapes of
s i mnu i lar to Sears ’ function . was developed to relate lateral vibration; the effects of pre-tw ist and rotation
the non-steady lift of a flat plate aerofoil at a pre- were included 160] . The Myklestad method has been
scribed angle of attack to a velocity fluctuation applied to studies of the effects of flexibility of the
parallel to the chord. This analysis was used to study root on tapered blades (45] - The natural frequencies
fluctuating lift on a rotating fan or compressor blade of tapered rotat ing blades have been determined by
mov ing through a flow disturbance and to determine the Rayleig h-Ritz method [63]
the non-steady lift of an aerofoil subjected to a non-
convecting stream -wise gust (281 . Experimental The variational principle was used in deriving equa-
results with transverse gust ( 27] showed good agree- tions of motion for stationary packeted blades in
ment w ith Kemp ’s theory [32] . Previous work on tangential vibration [52) , A computer program has
flat plates was extended to cambered thin aerofo ils been described that is capable of determining steady-
[461 ; transverse and chordwise disturbances , as well state stress and displacement , natura l frequencies and
as the angle of incidence , were considered . The ana ly- mode shapes , and forced damped v ibration when the
sis of single aerofoi ls has been extended to a single aerodynamic excitation of packeted blades is know n
row of cascaded blades [24 , 86] - Both upwash and (50] - The finite element method has been used to
downwash velocit ies due to vorticities concentrated determine the natural frequencies of packeted blades
at seve ral points along the chord were studied, in coupled bending-bending-torsion modes 161 ;

186 degrees of freedom were used ,
The relative importance of sinusoidal gust response
functions to aeroelastic analysis has been discussed The effects of asymmetry, d isk radius, and rotation
[5] - It was concluded that , for general compressor on coupled bending-tors ion vibrations of turbo-
design practice , the pr imary non-steady lift is att ni- machinery blades have been presented in non-dimen-
butable to transverse gusts alone. In a study of the sional form 156) - A solution of this problem by the
effects of both stream-wise and transverse gusts , po lynomial frequency method [57] was com pared
however , the stream-wise gust was shown to be with a solution by the Galerkin method (30 1 - A
important in determining non-steady lift forces of hollow blade damped with a vibrating beam has been
turbomach inery blades (66] - The lift and moment of studied [30] . The Galerkin finite element method has
a parabolic cambered aerofoil subjected to non- been used to determine the effect of taper on natural
convecting stream-wise gusts were also determ ined frequencies of rotating cantilever blades [37] - Nat-
(65] - This analysis can account for the effect of ural frequenc ies of tapered pre-twisted rotating
camber on non-steady forces of turboma chinery cantilever blades determined by the Rayleig h- Ritz
blades. A water table has been used to determine such method have been compared with experimental
non-steady forces 1701 - values [64] - An improved method of searching for

the root in the Myklestad method saves consider able

VIBRATION OF BLADES computer time in determining natural frequencies

WITH LARGE ASPECT RATIO (131 . A finite difference method has been used to
study the double taper effect on bending frequencies

Equations of mot ion for rotating pre-twisted blades of cantilever beams [80] - Nagraj 1441 used the

in bending-bending-torsion have been der ived to matr ix displacement technique to determine coupled

determine such effects as warp ing, shear , and rotary bending-bending-torsion vibration characterustics of a

inert ia, The equat ions of motion according to beam rotating blade ,

t heory are six partial differential equations; they are
cou pled between two bending deflections , two shear The finite element method was used to determ ine the
deflections , the torsional deflection , and the longitu- effect of root f lexibility on the vibration character-
dinal deflection , Axial v ibration is ignored because istics of tapered blades [74] - The same method was
the blade is rigid and stearr excitation is unlikely, used to study coupled bending-bending-torsional
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vibration , natural frequencies of a typical turbo- on disk assem bl ies w ith and without shroud were in
machinery blade were also calculated (73] - Tom imar good agreement w ith the theory, Cottney and Ewins
and Koor ich [82] used the Rayleig h quotient method 1 11] have also considered shrouded blade disk
for the nonlinear vibrat ion problem of a tapered assem blies,
rotating blade Anderson [3] has treated extens ional
and f lexural vibrat ion of rotating bars. Results based VIBRATION OF BLADES
on the extended Galerkin method have been cam- WITH SMALL ASPECT RATIO
pared with experimental values for f lexura l v ibration
of rotating blades [85] - Design information in terms Shell analysis is used to analyze small aspect ratio
of non-d imensional parameters has been used to blades. The finite element method has been used to
determ ine the natural frequencies of turbonnachiner y determine static def lect mons of a pre-twisted canitu-
blades [54] ; such effects as taper , pre-tw ist , asym. lever plate (68] - Pre-twi sts were up to 90 degrees;
metry of cross section , disk radius , rotation , shear flat plate triangular elements were up to 10 x 10
deflection , rotary inertia , and stagger angle were mesh , This analysis was later extended to determine
cons idered , Coupled bending-torsion natural fre- the natural freuqencies and mode shapes of pre-
quencies of rotating blades determ ined with the twisted cantilever plates (69 ] - The stresses , frequen-
Galerkin method showed good agreement wit h cies , and mode shapes of an existing stationary thin
exper imental values [58] . The effects of rotary blade have been studied by the finite element method
inertia and shear deflect ion were presented in useful [7] - A similar analysis has been done for thi ck
design charts [59] - Three coupled equations of a blades [2] and extended to rotating blades [81 -

pre-twisted blade having an asymmetric cross section Dokainish and Rawtani obtained modified Southwell
and mounted on a rotating disk at a stagger angle coefficients for rotating thin plates [15 ] and con-
were derived by the Galerkin method [55] - sidered the effect of pseudo-static deformation on the

natural frequencies of rotat ing small aspect ratio
DISK-BLADE INTERACTION blades [ 16] - Hofmeister and Evensen [24] prefer

isoparametnic elements in calculating natural frequen-
Few studies have been done with regard to the effect cies of non-rotating blades. Slingerland [75] sog-
of disk elasticity on blade vibration . A set of blades gested a new equation for analysis of experimental
mounted on a rotor exh ibit more complex vibration results obtained by the Moire technique with turbine
chara cteristics than do single or packeted cantilever blades. Thin rotating cantilever plates have been
blades. A receptance coupling procedure has been analyzed with the finite element method [141 -

used to determ ine natural frequencies of the bladed Frequencies and mode shapes of thick rotating
system [4] - The blades were assumed to be identical , blades have been calculated (81] - The effect of
and the form of v ibration modes was also assumed; camber on natural frequencies of small aspect ratio
resu lts were compared with experimental values. The turbine blades has been studied [67] - Frequencies
effect of sma ll differences between blades -- i.e ., and mode shapes of thin rotating blades have been
differences in tuning and damping -- on the vibration determined and a design procedure suggested (25 1 -

properties of bladed disk assemblies has been studied Lalanne and Trompette [39 ) used isoparametnic
[18 , 19] - It was shown that blade imperfections elements in a dynamic analysis of actual turbine
cause v ibration levels 20% in excess of those of tuned blade; they included the effects of root influence and
blades. Whitehead [87] , Wagner [84] , and Lye and temperature. A method for obtaining a mathematical
Henry (171 also considered detuned blades. The model of rotating blades with Lagrange ’s equations
fin ite element method has been used [36] , rotation and the f inite element method has been used to
and temperature load ing were considered, calculate the natural frequencies of a gas turbine

blade and an air compressor blade [40] -

The receptance method has been used to study a
bladed disk assembly containing 24 detuned blades Macbain (42] used four node quadrilateral plate-
[20] - The analysis was extended to a staggered and bending element COUAD2 of NASTRAN to evaluate
shrouded blade disk assembly [21] - The system can the natural frequencies of a 2,33 aspect ratio blade
have a number of double roots and two v ibration for different pre-twists and a mesh size of 11 a 24 .
modes for certain natural frequenc ies. Experiments The results agreed fairly well with experi m ental
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results. The variation of first and third mode bending discussed the causes of steen, turbine blade failu nes
results were contradictory to other results with and possible remedial actions (77] -
respect to pre-twist in the flexible direction [69 ] -

The theory of elast icity was used to determine the
natural frequencies of thin pre-tw isted plates [221 - REFERENCES
Their results for flexural vibration agreed well with
those of Macbain [421. Gupta and Rae 1231 deter- 1 . Adach i , T,, et a l, “Study on the Interference
mined the torsional vibration of small aspect ratio between Moving arid Stationary Blade Rows in
pre-twisted plates. Axi al Flow Blower ,” Bull. JSME , L7, 

~ 904
119741.

EXPERIMENTAL METHODS
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,.~~ REVIEW OF TIlE LI TERAT U RE ON ‘I’HE DYNAM I CS OF ’ CAM MEC H ANISMS

I”an Y ,  UICII

Abstract - This article contains a literature survey of modified paraboloids , unodified cyc lom ds [2 , 70,
the dynamic aspects of the cam mechanism, including 149] - m odified trapezo ids (1 , 112 , 1131 , mnuod
the kinematics of cam profiles, system modeling sinusoids [122 , 131],  and polynomials are used.
and analysis, system response, and design methods. Figure 1” lists basic earn mnot ions of the dc,- I I

rise-dwell event. The curves repn ’s e m uting velocity,
lnmnproper function of valve gears , which causes noisy acceleration , and jerk are based on a unit total l i f t
operation ot engines , excessive spring surge , valve h that corresponds to a unit camp angular displace-
seat pounding, and burn ing, has been studied since mnent, Figure 1 is a ready reference for curve contour
the 1930s. Harm onic analyses of cams and the and shows the comparative values of peak velocity,
vibration analyses of valve springs in internal counbus- acceleration , and jerk .
tion engines were carried out in the mid 1930s
in atte rmm pts to reduce resonant vibration [67 , 68, Attenuated Harmonic Profi les
96] . The signific ,j nce of the f lexibi l i ty of the cam p Because the motion of a cam is inherently periodic ,
follower linkage was first pointed out in 1939 ( 115] - harmonic series analys is of earns is possible , and
In 1963 th u cam-and-fol lower syste m was s imulated attenuated harm onic series analysis has been sug-
as a s imple spring-mass m odel on a differential analy- gested as a m eans for establishing damn profile sped-
zer [65] - The first experinnenta l verification of fications (8 . 47 . 53 , 56 , 11 91, The accuracy of the
poppet va Fv e dyna m ics was conducted in 1950 analysis depends primarily upon the number of
[103] the vibration char act e ristics of the follower of terms in the Fourier series representing the cam pro-
three basic m otions parabolic , si m ple harnnonic , file . The truncation required with such a series and
and cyi - lo idal - - were recorded . its uncertain mathennatical convergence make dif-

ficult the determination of the num ber of term ins
Tur ’,us h (140 14 1] mnneasured the frequency of necessary to guarantee accuracy at the end pounts
valve gear vibration by monitoring camp velocity of the motion range. Furthermore , profile harmonics
with a magnetic velocity transducer mmnounted on the and system resonance can seldom be correlated
engine unit. He used an electron ic acceleration beca use the correlation depends on predetermin-
analyzer to nnueasure the actual acceleration of a cam , ation of cam velocity, wh ich usually cannot be pre-
Valve jump behavior was measured in 1953 with high- d icted , The requirements of the profile are therefore
speed notion picture photography [1361 . Barlcan satisfied with a curve having a few low harnmuonics .
[10] used a resistance-type strain gage mounted on General discussions on the use of harmonic series
the upper rocker a m p of the valve gear unit to obtain in cam profile design have been published [56 , 145]
dynam nic strain records.

Algebraic Polynomial Profiles
The “polydyne ” method of Dudley and Stoddamt

KINEMATICS OF CAM PROFILES (45 , 1 36] requires simultaneous solution of a set of
equations to satisfy the imposed kinematic boundary

Standard Functional Profiles conditions resulted in the generation of algebraic
At one tinne hand calculation and graphical layout polynomm mia ls for cams, The acceleration curves ob-
were the only techniques available for designing cam ta m ed with the polydyne method are often erratically
profiles. Early graphical techniques included such shaped toward one end of the motion stroke. Conse-
simple geom etric curves as circular arc segments , quently, the displacement curve is flattened at the
parabolic curves , and simple harmonic curves , The sta rt and end of the nnotion; this means that much

techn iques used now reflect lower forces on the of the allotted drive time is wasted , Comments on the
cam; such curves as cyc loids and trapezoids [33 ,97[ polydyne method have been published [50 . 73 , 97 .

Oepar mment of Mect’ nanicai Engineering . Ohio University, • 5onmue of the cam curves are available [781 -

Athens , Ohio 45701

23

h i ’  ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ _ . i__~ _.~~~ _.-. -- ~~.: ~~~~ ~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~ -~--- 

-



Parubo lt c  S tnmp le Double 
- 

Cy r lo i da l  Mod i f ied
ln ,u m v , c u n i f c ( m , mmi ’ c ~u nt i c 

-. . 
ryc loldal

U

~~~ ~~~ ~~~~

M o d i f ie d  3—4 —5 4 - 5 - 6 — 7  Gutmm ian
t r a p e z o i d a l  pol y n o m i a l  pol y n o m i a l  F—3 T r a p e z o i d a l

U

~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~
i* 

~~~~~~~~~~~~~~~~~~~~~~~~~~

‘~~1 T

Figure 1 . Basic Camp Motions

24



r 

.—

~

—

~~~

- ,

~

--—.- .  “

~~~~~~~ ~~~~~~~~~~~~~~~~~~~ 

. .

117] - A simnple ummetfiou j that allows local i . o m u t n u u l  u . mvat ures for ham nmmonic , dy .:lo iLu I , ~nid eig hthi - uie~ree
without the need to regenerate a la mnily of polyno - po l y n m o nm u ua l motion for i . , unnus with either a radu , j l

mnia l m.urves has been presented (97] - roller f oll ’ ce. -r or an oscillating roller foIIo ,’z’ m T h u
o rd u mia tes  if tIm es ’ charts an’ m u u i n u d u u u u i u u s u u u u a l  a n ur i  a rm ’

Profile Synthesis by Numerical Methods thus applicable to am y c,usu ’ ass iciated wit h a mm , leva n mt
The procedure for synthesi z ing uoi nni profiles consists k i n u e n m u j t u u .. niode.
pn iniarily of developing, by a prescribed procedure ,
an acceleration curve , a corresponding displace nruent Evaluation of pressure ang le and deter m m im na tu unu of
curve is generated from the aec e lem ati on curve by no m m m i a l  and principal curvatures in dunce-dimensional
nunner ical integration and curve f i t t ing. The equally- cams pose a difficult problem . A theory for pu- ’mbo rm .
spaced three-point central -difference fommuola for ing closed-formn analysms using relative veiue,ty  ve ct ui r
fitting the cam profile was first used mu the mid- with geom etric transfommn atuon matrices has i i i

1950s (75 , 761 . The nmmethod requires compilation developed [38-40]
of a difference table and fitt ing data to points.
A change of accele~ationi data nay produce an
erratic displacement curve , in general , the shape of DYNAMICS OF CAM-ANI)-FOLLOWER S’i S’I’
the displacement curve should change as litt le as
possible. Several adjustm nents may be necessary to In addition to the damn profile , the pan amn uem e rs of the
obtain th ,, desired ca mp profile, follower linkage , including m ass distribotuo nc , ‘ . hmmra c-

teri stic frequencies , damnping factors , and no n lun u u ’ari-
A s imple inductive formula for synthesizing cani ties , affect system response . As machine speed in-
profiles of dwell-rise -dwell type has been derived creases , the dynam m nic behavior of the cam-and- fol io,-,
(26] ; it is based on a finite -difference scheme , em system become mnore dif f icult to predict and con-
Two methods for achiev ing numerical accuracy in n the tro l . The dif f iculty is compounded when the non-
synthesis of cam prof iles for arbitrari l y prescribed linearities of the system are taken into consudera-
accelerations have also been developed [27, 28] - tion ,
In the first , a f inite integration method [281 , me-
chanical quadrature formulas are m.ised to construct Sys tem Modeling
an “integrating matrix .” In the second a data refine- The cam-and-follower system can Consist of one or
ment process is applied to the initially specified more rods , levers . and springs . All of these con p’u
acceleration values (271 - These methods have been nents have nnass and elasticities distributed through-
used to derive three versions of recurrence law out the system in accordance wit h their physical
[41 - 43] ; displacement is related directly to jerk dimensions.
in order to synthesize cam prof iles for a prescribed
pattern of jerk values , Recently, Matthew and Tesam The dynannnic model of a cam-and-follower syst em is
[97] suggested a singularity function formulation to usually a simnp le spring-mass systenu , this system is
synthesize camn profiles with trapezoidal acceleration achieved by lumnp mng the effect iv e mass - the follow-
or lerk specifications er at one point. The linkage elasticity is approxi m ated

with a single spring that supports the ef f ect  ,i mass.

Puessur e Angle and Radius of Curvature The values of the effectmve mass and spring stiffness
T h e  develop m ent of a sound camn profi le requires are based on the principle of inet ically equivalent
a ie~ m understanding of basic kunem u nat ic and force systems described in sta undard t’ :’stboi .u ks.
f ,n . ’tors and their effects Basic factors include cont in-

i t y  mm accelera t ion curves , low u a x : num values in Experi m ental evidence indicates that the single
v e lo c t y ,  arid nuam ntenance of adequate rad ius of degree-of-free dom model was satisfactor y for study
c urvature ing the automot use valve gear . Dynamic studies of

cam-actuated systems in -muton iatic machines can he
Cam pressure ang les have been described [80, 84 , m’x press ed rea lust ically only with two or more inde-
128 ] , as has determination of the radius of curvature , pendent dmsp lacemnent coordinates. The vibration
[13 , 25 , 63, 82 , 83 , 1 2 1] Design charts are available analysis if f lexible cam-and-follower systems has
(82 , 83] for maximum values of pressure ,m mnu t iuns and I ’ m- r n extended to models having t ,zo degrees of
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Iree do m nu ]4c . 77 , 98 . 99] - Din ’mens ion ul ess ulmr su qmi hiu-hi avior of t i c ’  ,.m n u u - anm d follower sy ste r rm , m .u qu .’ t l e r

L iku: is Sl i uw t h e  ‘f h u ’c tS uf l.i, m m d m n u r m , - r s , rules iii thun um b wi th its l m i V m n i u l  rm , c nmub .m rs  has m ec e r i t l y  be.’ cu mu du

simmnp l mty the h, ’s u i mu nocn ’ d u u m u ’  [98 , 99] - A nmmu l t m-  ted (89) A si mn l l ur n y u  del was usc- I to dev,’l ui pra

.leu~n . ’.’ -ot - fm . .redo r u n u c l e i  as been iusm ’il [74] in a tucal besu gn r iles muon . ’  com nplu. . a t ’ l  r r r , i l m miS  ha~~nm.j

co mm i uitr .n s t .~ ly uf the valve train dy mn a m mnics of a m m mu lti ai mu .j rces m l  f reedom , were used t i  t u m i l

Genenal M inors four-va lve diesel engine mnodel , t h u dynamnic behavior m m  l b . ’ syst e nn . It was conclud’-d
valve ve lu m c u t y dam ,u wen e me a d d  -,sith a lig ht velocity that the funda unu rnta l  natural frequency 1 t h u r  syst e nm
i m u . l up Oscilloscope records of velocity were ca l ibrat- largel y don u m r , it rs the transient res pomus ’ ami d that the
rd for t h u . ’ va lvu ’ ; corresponding values of disp lace mnie nt sinm ipl e nuodel is an adequate tool fu ; m predu r tunq t h u ’

a o l  ac ‘ l u ’ ma t io n were obtained by integration and amplitude of residual vib ration , so far a~ t Ime d” -

h h f m ’ n r m n i t u a t u m n  of the veloci ty signal. fol lower-drive sf ua tt system is dorm mm r m i ed

It has been co m mon practice to assume l inearity for Elaborate m odels m u r s u lt in a more accu rate s yst u- ”
a nonlinear system nu because a nonlinear sySt e mnu is than do sinnp le m odels but requ ire cr unr imlex ‘ - ~~the-
inherently mmmc di f f icult  to analyze than a linear one. mnatica l solutions and modal analysis Thus , a s un re~
Causes of non l ineamities of a cam-driven mnechanica l degree-of-freedom mnodel us som n u ’ tu m nes an u s . - ’
systemn incl ude the co m plex nature of the contact s imnp l if ication . but a hig hly m~’ h u r u ’ l  model n-nay no
reg ion betweemi the cam and follower , ball bear ings be economnically worthwhile For a pa mtmcuiar oma-
in the follower . improper lubrication , backlash and chine , both validit y and econo m y of t im - “ u i - ’
play in certain components of the follower train , must be considered.
loading fluctuation , and surges in operational speeds.

Dynamic Response of the Follower System
Damping was at one time neglected ; refined investi- In the valve gear system o of an enqune , v ubratuons e~
gation necessitates its inclusion , however . Al nnechan- cited in the valve limu kage occur during both the ruse
ical systems experience dry friction ,,iucj hysteresis and return notion stroke and also the seating of the
effects; the extent of these effects depends pri m ar ily valve after the return stroke is conupleted , A s mn nu l ar
on the number of frictional surfaces , the properties situation occurs duri ng the dwell period in a dwell-
of the surface material , rheological properties of the rise-dwell cam .
lubricant , and the operating condition of t he ma-
chine . In genera l , the vibrations excited by the first accel-

eration period wi l l  endure to the second if the dwell
The cain-and-follower system containing a nonlinear period is short and if the system is not heavily loaded
power law spring - -  either a stiffening or softening and lacks effective damping. The vibrational am-
spring - -  has been studied 129] - Coulomb damping plitode of the first period may be reduced or reun-
has been used in a computer simulat ion of a cam- forced by the second , depending upon the phase of
acluated soap mnachine 115] - A recent report [31] vibration [6] - The peak n’nagnitude of the accelera-

presents dyna m ic response spectra for cam-driven tion of the residual vibrat ion may be hig her or lower
systems containing a mechanism that combined than that of the excitat ion period , depending upon
viscous , quadratic , cou lorm mb , and stiction damping. the shape of the excitational pulse and the natural
An assumed-mode iteration solution technique has freq uency of the system .
been proposed for solving nonli near dynamic pro-
ble mnsof damns [146 1 The “response spectrum ” analysis provides visualiza-

tion of the effects of mechanical vibration uu p ,n a
Hugh load and h r h  speed nay cause the cam-shaft system , as well as an indication of mui x mum dynamic

‘. ,mnd- up phenomenon 1126] - In such cases , the effect loads to various parts of the systemn .
of cam shaft elast ic i ty ought to be taken into account
un m odeling The effect of cam shaft elasticit y on tIm e The response spectrumn i has been used by structu ral

transient response of the follower has been sinmulated dynamic usts and packaging desmgners 1171 and in
[1 9] - but the effect of the f lexibi l i t y of the shaft studie s of cam-drive n systenns [110 - 111 1 Form- las

on the residual vibration of the follower was not for computing the response spectra of simple can
co mn sm dered. A simulation of the tra nsient dynamic forms are available [60 1 - In 1958 , a nu b” of
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n ums u ,i i , ml spem - tm a fom a y um my of m.ammm h i m  mis s y u ’ n - m um n i -  m ’ uu u du; l  T u e  l i m i t , -  u - f t ’ ’ r , ’ m , m  r c u - t I y b [1501 bi a s been

pmlxl [ 10 1] , a n u m m~ - m ,i l unu ’ ’t bu mmu l , i m m u l b u l u t , m I  i_.u m m uluu u m u ~ ’ ’ m l mr , jm m ,_i l y / m ’  a’ ,~mn c l m i vu ’ nm valve train vib mi . n u l l  ‘ a t

ten mu n.m . ’ m u ,  mu l l scu m m’ mis ‘ 1  Ti mm ’ sun mu l l.’ - Iu ’u im ‘n’ n t i — u n  in u—si u _ fm I. ’,nm ,m m u  . ‘‘ mm my hi — sl uu ’ t u b

I m u,Sl m n mm i,m l , ’l li m b no mb,mmn i l n n u I i

m t  l i - i  i n ~un s u n  it d i ‘,t mu m l~,jm ’  in h i gin ci I,; ’’ I i_.,m’ i i

In a mecen it s t itS [30] , a n n , u m m l , u ’ m  of prin ni ary mm ii n m ’  bym m ums m mms whim blex I l . f olP u.’su’m is ‘ ‘j u n k ’ , ’’

mes u i .lu~ l mu’ sly mus u ’ ’ ,i - u - t m, u hum the .1 m m d m c ’ m u  s y s t u - m r .  s.’~s mst m n mu- n  io u-m u ’ m m  l ,’ ’mS jmneni m u ’  f olu, - ,’,u- ’ a m - I

were pmesm ’mnln .’d Time s l u m ’ ha ‘ r r u ’ sic n umlmcl I’ b itt e n the uo mnm that is u amus ed by unbalanced ho n i  mm ua m

em it .~~ u t u t  sum . ,m n i l the u l u ’  i m mm ii h~~ t mm was usr y m as ‘cm ‘‘ml ml , - foIl uyJu ’ r  s i m m  ig f i n  u . ml mar m m i i  t i m- or mod

a van ,,mm. m u m  di pamam r 05.- n The m esud mual s~ eu in j su m s of mi m u ia mu ye an u elena t ion . The jimed ct mon of full suer

shuw ni to b u n ’ il e l ienmu l u m m i t upom i daniping values 1 u u j uun e jumnp and its ,‘ l u -r nu at m u, mu huiv u- l u - i’ m studied [9 , 12 ,
2 is a 1 . - n - u n ’  tuv n ’ mu- l umn .’S ’m u t a i on of n o rmm ma l i .’u;d sl um i 59] Data t m  th u u . - -  Cain m i n I m - s  - -  parabolic , liar-

tra mom tine 3-4—5 x m i y n i r u n n u u a l  m a ui The m m;ld t ,om u shuu l’ nm m onmc , and - y - u u u j a i  - am..’ a g ul l ’ f u r  clet.’n ’ ’ r i m - u
bu ;u’iu .’u ’nm t h e mu o r urualuz ed mu .’sucl uat acc,.nl u mmalmo n S NA or wiui - iic ’ u or niu t a basis design is sI u sceltihlm - to jump

‘m ax ‘ ‘ m r s m c  amid the d m nmmm ;n s i omm less m a t u T i/T im and f u r  u m u u l i u  ,u t u m n -j t b , ,  m uama urr ’ t m m s that sho uld

us , u l t ’ i m  .vi th i m I ,i m mu l mng n ,u - n u m  [‘ as a variational d I u m uS t ur i to  cu j nm m ’ ct t I -  uu n ni 1 i u u mudut u mu r m

u aia mm iu ’ t nm m In a si m ilar mm man i ne r , i.a m im- ani f 1-illowen

syst m’ m m i respom ises to other acu m I natio n ‘ - x i  tatm o mns
have b u u x ’ u u  cuni si mmu ’ m u d  by this ne ’vuu ’wu ’r OP’fIMI/,,tTION A~ I) COMPI TER-AI I)EI)

I ) FS~( ; ~
Another conv r ’ m uun ’ mut representation is to plot both

mm u ’ m any and residua l response spectra on four- grid The buns t  a tteu m u l ‘1 t i design t i m ;  mIca ’ 11 -mis , ’  ml ‘ u - l u  pro-
lu u ui i j  paper Figure 3 is a logari t rm m m m c  fm it  for the fi le so as to mini l u l l  /1; m O u l t uai vmbrat uon , ; v u - r  d fun - u mm-

response of an undamnuped canmm- a n rb t i l l  ‘su m syst .’m mu rang ’ of s i m m-c-I bjs’.- u .m on a smnnp le l ur r i l cd sprung-
with ,m rmm odi fied tm ,m p i ’ .’uuida l camnu m x  m,mt mm m muass ‘ m u riel utu lrsmd n ’ t l m e m a Imnear prcujra’’ ‘‘ i n - m u

quadratmc program r mnnning u~ i n i m ~ I [9 1]  A ‘‘ ‘‘ m mmi ml

Real Time Simlat ions of Cam-Fo llower - Driveshaft for controlling the harm onic content of t i n a ’ m .

Coupled Systems profile , based on a ni un imnu m mean s i m i a n ’ ”1 ‘ ‘ m n . , n

C o m . r l uiter si mrnulations have been used [88] to inves- perfo m nnuan ce m u d - v  over a m i s  m b u d  s t r u t range
t rja t u.’ the dynamic behavior of cam mnechanismns with has been suggested [146- 148 ] - A computer - assisted

lu vu; shaft coupling; nm uode ls up to and including geonmetrical method for the design of a cam ‘nrec ba

hc m u r m J. ’g ru;u’s of freedomn have been used The mnass of nism wi th oscillating roller follower has been lu . on-

the cann un tine four-degree-of-freedom m odel is strated [135] , as has the use of a sequential m ammdu, ’~
aceu .uunted for in all directions of deflection of the search techniqu e for determining the geo umnetruc para
shaft, as is the direction of rotation , such nonlinear meters of a cam with reciprocating roller f i u i l o wer

‘.m f f u ; t s  as backlash , lubricant 1 , 1 m m ,  squeeze , amid dry [3 2] Thum spectral theory oh random prou m. ’ssr ’s has
fr ict ion are admn issib le . A digital cumnuputer simulation been described for camn design Optimization [130] .

program , “D’m’NACAM ,” has been developed for Other methods available in the optinnal design of damn
t i l l - s imula t ion of this co mplu ’x m odel [88] . mechanisms include the synthesis of trans lational

cams [132-134 ] - deter m ination of m . u , n i i n n u n ,  size of
Clearance Take-Up and Vibro-Impact Problems base m i r . u u ’  [61] , and the amount of follower u t ’  s n ;

The n . m .  lasin betwee n the camn and the follower [102] -

result in the imrm pac~ kno wmi as “cross -over shock “ -
- . . - A lthough comnputer aided design has become ‘o n e

Cross-over shock occurs wu i h u positive drive and in - . -
- un important m u  the analysis and design of l i n k ‘ n m’

adequatel y preloaded cammms at a point where the - - . .  

-

- chanusms [ 154] - its application to cam-drive n me-
acceleration of the hc u ll m ,w m ’ m u- hanges sign Time inten . . -

- chanusms and syste nus has lust begun . Applications
c i t y  mm1 u r n  j ud u .t 5 proportional to the peak velocity of

- range fro nm i s i m ple and limited scope umara ’ nm ’ t u~r
the b ullower lm mik a u t e  The nature of impact induced . .  . - -

- var iatmonal studies to experimental cam -dmmve n syste m
f i r e r s  betwee n the engaging u ‘ r i ’  un m’ n ; tv and synthesis and n’v al mianions. Numnerous u:m, ’m~~~m t n ’ n  pro-

t t u n ’ ,r S u bs - q u i n t  v u ’ I u i c u t  es has been i m m v ’ s m  u , I , i tu u l  gramm is in batch n ode on cam-and-follower syc ’,u- ’ r u
[11) with a si r u n m u i . ,m u t u uated , (a -and-follower analysis and component design exist , but few of
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them are sophisticated. An experimental graphics cann ii - Barkan , P . and McGarrity, R V., “A Sprimig
desi gn comnputer Orogramii has been developed [92 1 Act uated , Canm i-Fol lower S y s t n m m m i  Desi gn t l u m u i -
The progmammn can handle the kine m atics of the cammm my amid Experimental Results ,” J. Eniqr I m y l us
and its associated follower am nm n and linkage but m a nn Trans. ASME , 878 131. t u t u  279-28h I l db .mLm I
not handle the dymiannic analysis and design . The de-
velopmmient of a program for per iom mmning dynamm u ic syn- 12. Baumngarten , J R . , “Preloa d l- u m ru .,., Ne m’s~ ,my
thesis and design of the cam-and-follower systenmm is to Prevent Separatiomn of Follower f mo r mu Camn , ,”
underway. Trans. 7th Conf . Mechanism ims , Purdue Univ .,
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BOOK REVIEW S

WIND LOADING ON BUILDINGS
A. ml. Macdonald

John Wiley ‘md Sons

In his Preface the author notes that his intention There are a few minor infelicities; for exam ple , there
was to write an undergraduate textbook that would are no references to wind tunnel modeling nor to the
also be useful to nonspecialist architects and engi- wo rk of JE . Cernak , nor is there any reference to the
neers. In the reviewer ’s opinion , Macdonald suc- A SCE - IABSE International Conference on Planning
ceeded adm irably in both cases. The book is clearly and Design of Tall Buildings, These are but minor
written , well illustrated , and nicely organized. The flaws , however . Taken as a whole this is an excellent
t itles of the six chapters provide a good outline of the textbook , very readable , very informative , and nicely
book: put together .

• Historical Background to the Wind Loading
Problem

• Physical Properties of the Wind
• Wind Pressure Forces on Buildings
• The Design of Buildings to Resist the Wind.

Wind Bracing Systems and the Calculation Clive L. Dym
of Wind Forces Bolt Beranek and Newnnan Inc .

• Dynamics of Structures 50 Moulton Street
• The Dynamic Effect of Wind on Buildings Cambridge , Massachusetts 02138

This reviewer found relevant tidb its of “nonstandard”
information in many of the chapters; e.g,, the ex-
ce llent tabulation of the Beaufomt Scale of Wind
Force in Chapter 1 , the spectrum of w ind speeds and
their macro- and micrometeoro logical importance in
the next chapter. All of the chapters are oriented
toward physical concepts , this is of particular value in
the discussion of building action and design in the
fourth chapter



METAL FATIGUE
N.E . Frost , K ,J , Marsh anud L,P. Pook

Oxford Unuivers ity Press , Ennij land (1974 )

T i n , -  m , u m b n u u n s  mm ,~ l ’  I n - m s  uI t h u u ’  s taf f  of thud National Topics of Chapter V I include low cy n Ii, b , u m u n j l i u , .

nnuj 1 - ”  n m m~ it East K 11m m i u lu m , have fatigue under various stress a mmmp l itudes , Palmng remt-
t u m u u u , i m i t  t ‘ i - - h n m ’  i u , 5 ’ t , su ’ tm; of Il ium fatigue strength Miner ’s rule , effects of mmtechan mca l we - rk  on speci I

uetj lS am ud t I m , -  ,m m m m l . t u u n n ’ s  mnade fronnu the umm , The uuuc ’ r m s , surface treaturients , welded b unts , progrannu ned
, i u u t h u u  ‘ u s  b u , m ~ .’ i m u t n ’ n I ‘ m u t e - u i  data in te m n m ns of the mechan- and randou mm loading, and statistical anal ysis of fatigue
cs ol ‘ n t  : ~‘ - n i -  ‘ initiation and growt bn . The book test results The sect ion on low cycle fatigue u .ouj lmi

contains f u s u m  tn ’ uiumiica l chapters and six appendices , ha v e been expanded to include mmmore u m m h u u r m u n , m t m o n  on
There are um l u mu ’  than 1,000 references , cyclic stress-s u ra mn representation. Chapter V I also

considers random v ibration , deter m m minatiun of i lium

Chapter II on crack initiat ion includes informn sation on tant stochastic te mmns . cunnulatuve dan image th e - r un s .

surface exan suinatiom i , such changes in properties as and problenns of service loading.
hysteresis loop and damp ing, and surface crac k
initiation. Fatigue strength of plain specimens is The mevuewer racommnmends this book to those un iter
the topic of Chapter I I I .  High cycle fatigue and the ested in the analysis and prevention of m ’ u e t a l fatigue .
effect of various surface finishes (electro-po l ish ,
stress relief , and forged surfaces ) are descmmbed , as

well as various testing nnethods - -  reversed direct
stress , reversed plain bending, and rotating bend ing -- Herb Saunders
and the effe ct of mean stress and its relationship to General Electric Company
Goodman and Ger ber diagrams. The chapter also Bldg. 43 , Rooun 319
contains information on the Von Mies theory for Schenectady, New York 12345
combined stresses and the moles of frequency effects
and such environmental effects as air , vacuu m , sa lt
spray, oxygen , and water ,

The effects on fati gue strength of stress concentra-
tions and cracks comprise Chapter IV . The il u ’ t ’ m

mination of the fat igue reduction ham t m  I b . 1 ’  in
notches , holes , and fi l lets and t he S/N -

-
‘v u ’  am ,’

discussed. The relations between ‘ m and u

concentration factor ) are l ’s’ m l u . - - I . n s  arm’ t ’-’ ‘ ‘ ‘ t u e - m a

ture and envi ron m en tal m b f ’ m u  t s  and , ‘ r-  1 ’ ur’

fat igue . u b  mu ’  ‘ ‘uu ’nj S t u n ’ ,. mm -  ens

In Chapter V line~ m ‘ ‘ I a t , ’  ire t u r n -  ‘- “n t i’ ’ - -
applied to thi n:  - t r’ ”,’,t1 ‘~ I i i  u lp u ’ -  r m ’  ‘ , ‘ ‘ ‘ -

tance of smm u mss l m u t n ’ m m s l t v  ha. t , u n  S ’
~~~~~~~~~~~~~

’ i l u ~~~~~
’ ’

introduced in a descr um m , , ‘~ u n f ’ i e - ’’ si’ t “
ms- inning and ‘nn’a s u u r u n m ’ 1  lam,  u ’ , -  ma , - ,‘, ‘ ‘  ‘ .0’ ’
reviewer would Im avu ’ .- , - -  a r ’ ” o . n ~‘ - nu . ?  “

deter m ination n b S i m u ’ - ,’, u n , t n - ’ u ~~, t 5  I i -  - m ’ . m v  ‘ mn

elem rn ent methods and a n m um ) rn n  n - v t .  ‘i n ,  t ’ - 1,5’ uISSI’)fl

the Charpy i , n u i i d u  t”st as it o i t a ’ l u ’ - l ‘ - t u r mn t i .
f m ,mn t m ’ ’
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SHORT COURSES
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‘I’Esl’IN(; , ~IF ~st RF:\ IF;\’I ’ , .~N.~LySIS %\I )  h u u m , t u , m m n ’ m  Pummel snmssuu in m s l u - ,u ’ , m m u t  , s m m h m  -~, m ’.

CALIBR ATION lurbine i , I , i ’ l i u u ’ t  .u m u .il u l m m m u u s  ami d t i m - u n  s ul- it i o ns will

Dates . April 11 15, 1977 also be ‘ .u i n l m j m u u d i m m i .

Place Boston , Massach usetts
Objective . F i rmmns  u m i a m u m i l a m  b o n u u m m i  wea pons , aircraf t , Contact Dr. A.  L. F s t i l n .:’ m , a n u . J i m ’ ’  t m  V n l u n m s t u o m u

m iss iles , naval or utu ilitary vehicle syst c utms or co m iu po - Institute , Suite 206 , 101 A 55th Sm , 2 ‘ ! n J u - t ’ ., i u  11, 1 5 ,

nents should u . u m m msuu j rm r  sn ’ on l io u t  t heir em vim o nmmment al IL 00514 TeIc’. (3121 05.. .>2-A n -4 J - ‘ - -

test nersonmwl to this seumninar This cou rse wil l  con-
cens trate upon u’ quin p mnmeml ts am - nd to: 1 mm u u qmm i ’ s  matbn e ’ r than
upon theory DI(; ITA L SIGNAL PROCESSI NG

Dates May 10-1 2 , 1977

Contact Mm. W , Tusti m , T uj st i n Institute of Tech - Hacu m Ph u I , u u l u ’ l t .:b m u,u . Pennsylvania

n m uj l , u u i y .  Inc., 22 E . Los Olivos St , Santa Barbara , CA ObIc’ct ive Thus semmu m nar cov e rs theory, ol e - n a t , ’  I ’ m and

93105 Te l ’ 18051 OLd 1124 applications ‘- plus additiom ial capabilities s ’ m ’  u as
transient cut ‘t m m m c , aunp l itude probabu I i t S - . r um s - s

st -i tu  mc m l , cross correlat ion , c :uflvO l L , t i u i m u  cob .eu m,i n

REL I .~BILITY TESTING i\~’I’i’i ’ I ‘I’~ 
coherent output power , signal averaging and im l u m u l t y

Dates April 25 - 29 , 1977 of deummom mstmations ,

Place tJnive rs ity of Arizona , Tucson
Objective. To provide Reliabil ity Engineers . Pr ’ m ’ l u i , .t Contact Mr. Bob ~ iefer , Spectral D~~u l,nu ’  —: 5 Corp,

Assurance Eng ineers and Managers and all other en- of San Diego , P,O, Box 671 , San Diego , CA 9211 2

lI n ers and teachers with a working knowledge of Tele , 1714 ) 565-8211

analyz ing comnponent . equip m ent , and syste mnm per-
fornnance and failume data to d Iem ‘ ‘ m u m  me t hu du stri . -
i,. , t ’ .’ns of t i u u m i r  dunes to failure , failure ma l es and F 1,\ITL ELIs.~lE,\T METHOD .4,\D .\ ,4S’I’R.~.\

r , .u u,iiu u lities; sm m all sample size , short duration , Baye- I S:’~.(;E

-u u ,m u ’ t n ’ s t u m iq .  sm - s i n n m u mu le m l  iteu ns testin g , seqc~’ m u t u,m l Dates: May 16-  June 27 , 1977

t u - s t i u n t  arud , m t ~ lu”S Place Washington , D,C.
Objective . A sequence of three professional deo .’ n ’ j i - .~

C’ um i t uu t Dr 0 Kececiog lu , Institute Director , m ,u ’ nt courses will be presented to provide an under-

-1vu ’ m ’ m sp.mm u ’  am-nd Mn: ’Ju am uuca l Engrg Dept , The Un iv , standing of the technological content in general pum-

ml A m - .” l m i , i , Bldg  16 , Tucson , AZ 85721 pose f inite element pmogranms; and to provide t m a i n i ’ u m m

t I ” . 1602) 884 - 2495/884-3901/884-3054/884-1)55 in the use of NASTRAN . The courses and dates are
• Theory of Fin ite Eleu tnents , May 16- 20 . 197 7
• Static Structural Analysis using NASTRAN ,

MAY May 23-26 , 1977

• Dynamics and Nonlinear Structural Analysis

TLRBOMACIIINERY BLADING SEMINAR musing NASTRAN , mlune 6 - 9 , 1977.

iv Dates. May 3 - 5, 1977
Place Hu:, h n’ s tu mr Institute of Tech muoloqy, Ro- Contact. Or , H. Sn i,t u ’ b bu ’ m , 5’ m u - O u r Analysis ,

chester , Nm mw Y,,m~ 

- P.O. Box 761 , Berwyn Station , Co 1”q mm Park , MD

(I I m I u ’ u t iv i’ rO m m m t m  u u u l u  i ’ .’ the vibration - n toc hniobonjy 20740 Tele , 1301 I 721-3788

involved in t I-n e- In su l i n  anu:I ‘ u m u u ’ r , i t ’  muu  uu f t u u n h m n u m m m , i

chinery l , I ,mul ’ m s ‘mI. ’ t h u i , i lS m id  , m u s t  m l , - u  ‘ m i t .  t i ’  . m u ’ m u ’ , I I ’ m
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NOISE-CON 77 Engm m ueers . consultants , planners , govemnntment offi-
o m a l s , educators and all other individuals responsible

NOISE-CON 77 , the 1977 National Conference on for noise control will want to attend NOISE- CON 77 ,
Noise Control Engineering. wi l l  be sponsored io m ntly transportation-generated noise is a major noise
by the Lanmg ley Research Center of the National source and solutions to the problem are currentl y
Aeronautics and Space Administration and the being actively pursued .
l u u s t i t u , t e  oh Noise Control Engineering. NOISE-CON
77 w u l l  be held at the NASA-La mug ley Research Center More information on NOISE-CON 77 may be ob’
in Hampton , VA. ta m ed from the Conference Secretariat , Noise Con-

trol Foundation , P.0, Box 3469 . Arlington Branch ,
The thr ee -day mm m eeting, scheduled for 10-12 October Poughkeepsie , NY 1260 3 - Tele . (914 ) 462-6719.
1977 , wi l l  have as a theme “Transportatio n Noise ,”
NOISE-CON 77 wi l l  cover all aspects of transporta-
tion noise including noise produced by air , h i ghway
and railway vehicles and systems , evaluation of 48TH SHOCK AND VIBRATION SYMPOSIUM
environmental umpact , propagation and attenuation MEETING ANNOUNCEM ENT
of noise froun vehicles , public health and welfare
considerations and noise control engineering for
transportation noise sources. The 48th Shock and Vibration Symposium will be

held on October 18- 20 , 1977 , at the Von Braun
Ei ght sessions of in-depth invited papers wull give Convention Center . Huntsville , Alabama. The U.S.
attu:ndees a complete ove mv mcw of the state of trans Army Missile Com mum and will be the host. For infor-
portatmon noise control in the United States. Parti- mation contact Henry C. Pusey, Director , The Shock
cular enm ’uphasis wi l l  be placed on the following topics and Vibration Information Center , Code 8404 ,
in three Plenary sessions. Nava l Research Laboratory, Washington , D C 20375

‘rele . (202) 767-3306.
• Federal Agency Transportation Noise

Control Programs
• Assessment of Community Impact and

Environm ental Impact Statements
• Propagation of Noise fro m Transportation

Sources

• Cost-Benefit Options in Transportation
Noise Control

• Results of Concorde Noise Monitoring
• Mu’ , u s n i r e m n n n m m - n t  and Evaluation of Transportatu -a n

Noise (including National and International
St , u m n ,  ,m m u .lsl
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Copun ’s of ,m n t uu ..ln ’s ,i lms tu ,j u t n ’ - . l  mm t n -  DIGE S1 mu ’ m i m i  ,jv,iil,iI~ ln ’ b r o m m m  b un-  SVIC or t lu ~ ‘v’i l m u , u t u o m m  jns t u t umtu I nIXI. u.i i t
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I ’ m  mo dicals s- u rununm ul  by this m u m  mi j i  is t urinted in iss iu n ms 1 , 6 , anei 12

ABSTRACT CONTENTS

.-~\AL ~ SN .~NI) DESIGN 43 p IIF;\o\I I~:\o Loc y 49 SYST EMS 63

Analy tn4 ~ l N1u .~t luu  ‘Os 43 Com posite 4~ AL- . u 63
St a t ist ical  M u t b u i m ’ l s  . . .  43 Damm npiri g 50 A1 oust ic I , , , i a t nnun  IA

Variatiomial Mu.- t l m , u , .ls - .  40 1 last 51 N ,u u sum Rn .’ I i n , ’  lion -n ii”

Fin u i te  Eli .’ ’  m n m u m t  Modeling . 43 Fatigue 51 Aircraf t  64
M muI l ” l uu l ’ I  44 Fluid 52 Brid iums 68
Diu t ut al  Si mulation -   . 44 Soil 52 Building 68
Pa raumnu ’ter I , b ’ - u u t u b i c , , t i u j m m . 44 Viscoelastic 53 Helu ’ .ii~ m t u .’ms 68
Desi gni lu f om mn m ati o n 44 Hour -man 69
Cri t uimi a , Standards . and I’\PERIMENTATIO.\ 53 Isolation -u

St uecif ications 45 Mujl,ul ‘,‘., im k i m ’  I and
MoOn Synthesis 45 Diagnostics o.3 Lou ‘ n i  r u m  71

Facilities 54 Package 71

Instrumentation 55 Pumnps , Turbines , Fans ,

COMPUTER PRO(;RAMS ~
. Simnulators 56 Co mm m; m ressors 72

Techniqums 57 Rail 72

( ‘ u ’ u ’m ,m l 45 0mw toms 73
- - . - Co MPONENTS 58 Ru ’cu i i n  m m c a t i n g  Marhines - . 75

Road 76
Beammm s, Strings , Rods o8 Rotors 77

E\% IRONMENTS 46 Bearings 59 Ship 78
Blades 59 Spacecraft 78

Acoustic -  46 Columnns 59 Structural 
Pum m i m u m l m i  47 Cylinders 60 Turbo m nmac h’n ir iery 86
Ran,lur” - . 47 Ducts ~u.J Useful Application 86
Seismm i u c 47 Gears . . . U
‘I’ l l ’  47 l Sm u I :mt ,ms 61
(.u u .’ m n n .- m ,uI ‘A’ u - ,u mio n 49 Lum mI  vies 61
f r , u m l ’ , I ’  m r t i i t u o n  . . .  411 Mechanical 61

Pu t u es  a o l  Tubes 61
Plates and Shells 61

12 

-~~ 

- 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~



ANALYSIS AND DESIGN VARIATIONAL METHODS

77.450
Reduction Scheme for Some Structural Kigenvalue
Problems b~ a %‘ ariatiu nal Th eo rem

ANALYTICAL METHODS T J.R Hughes
Div. of Struct. Er ngmg and St ruct , Mccli , Un u u v oh

Ca l ubuum nu m u , Berkel ey . CA , l i m i t  .3 N , i m r , u ’ u  Met bu u ur l ’ ,

77.448 Engr - 10 4 I . Ph 845-852 (19/Li 2 tugs . 24 mu- I s

Subapace Iteration Accelerated by Using Cheb ys hev
Pol ynomia ls for hgenvalue Problems with Sym- Key Words. Eigenva lue problems , Variational methods

nuetr ic Matrices An accurate reduction scheme for structural eigenva iue
Y . Ya m muamnoto and H. Ohtsubo problems is deduced from a variati o nal theorem in which
Dept. of Nay . Architecture , Univ , of Tokyo , Bunkyo- the displacement , velocity and/or momentum fields are
ku , Tokyo , Japan . Intl J. Numer , Methods Engr., taken to be independent.
10 (41 , pp 935-944 (19761 2 figs , 15 refs

Key Words: Eigenva lue problems , Iteration

Bathe ’s algorithm of su bspace iteration for the solution of FINITE ELEMENT MODELING
the eigenva iue problem with symmetric matrices is improved lAiso sep No. 4841
by incorporating an acceleration technique using Chebyshev -
polynomials, This method of acceleration is particularly
effective for this kind of iteration , The rate of convergence —of the iteration scheme presented is considerably improved ~745 l
when com pared with the ori ginal one , and satisfactory A Finite Element Method for I)anip ed Acoustic
rates of convergence can be obtained for a wider range of Sy stems: An A pp lication to Et m aluate the Perfor-
emgenva lues , mance of Reactive Mufflers

A Craggs
Dept. of Meu b i . E n g r g  , Um ui v of Alberta , Edmon ton ,

77 449 Canada , J . Sound Vib. , 48 131, pp 377 392 lOct 8,
Iterated Ga.Ierkin Method for Eigenva lue Prob lenis 1976) 13 figs , 10 refs
I H. Sloan
Dept . of AppI. Math ,, Univ. of Ni- ,’, South Wales , Key Words : Mufflers , Acoustic f i l ters , Variable cross section ,
Sydney 2033 . New South Wales , Au stral ia , SIAM Finite element technique , Variational methods
J, Numer . Anal., 13 IS) . pp 753 - 760 lOct 19761
~ f 

— The appro aima t e equations governing the forced harmonic
.) re S motion of a damped acoustic system are set up by using

a variational principle. Acoustic fin i te elements are then
Key Words : Eigenva lue problems , Galerkin method used in a computer program to study the transmission loss

and insertion loss performance of some ex pansnon chamber
The Geterkin method is compared theoretically with an mufflers. The manner in which uhe equations are set up
iterated Galerkin method for the eigenva iue prob lem allows a number of input and output nodes , and two-dimen-
y = XKy, where K is a compact linear operator le g.  a siona l effects involving the influence of transverse acoust ic
suitabl e integral opera ror l in a Banach spac e. modes to be token into account,

STATISTICAL METHODS
ISee N ,  6431
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MODELING PARAMETER IDENTIFICATION
lAi suu see Nos 489 , 490 , 607 , 6281

77.454
77452 The Experimental Deter ini iiat ion of ~ibrat io n
Figensolution Sensitivit y to Parametric Model Per’ Parameters from Time Responses
tur bation s 5.8 . lbrahi nu and E.C. Mikulcik
C W . W In m l i ’  stud B D Maytuu mr NASA , Langley Research Ctr., Hampton , VA , U.S.
M,s rtu n Man ietta Corp , Deniver , CO . U.S. Naval Naval Res. Lab., Shock Vib , Bull , No. 46 , Pt . 5,
Res Lab , Sho . k Vii , Bull , No 46 , Pt 5, Pp 123-133 pp 187-196 11976) 1 fig, 10 refs
(1976 1 2 figs , 7 refs

Key Words: Modal tests . Parameter identification
Key Words: Spacecraft , Mathematicai models , Eigenva lue
problems , Perturbation theory This paper describes theoretical aspects and experimenta l

verification of the application of a time domain modal vibra-
An anatomical study of the eigenprob lem is pursued to find ti on test techni que. The theory is applicable to both lumped
what effect a specified perturbation of a dynamic model and distributed parameter systems. Special attentio n us d i ’
f inite element will have on analytical mode shapes and rected to applying this technique in practice. Several app li-
frequenc ies , and what dynamic model finite element pertur . cat ion problems such as exciting the structure . minimization
bations are required to produce mode shapes and frequ encies of measurment data , determination of the order of the
that satisfy design requirements or that agree w ith test mathematical model , minimization of the amount of instru-
results. mentation required and averaging of results are examined ,

and solutions are presented. The applicability of t he tech-
nique is verified by two experiments using a cantilever beam
and ‘a rectangular plate , The case of the plate involves two
very close natural frequencies which could not be identified
using a frequency sweep test (peak amp l itudel because of

DIGITAL SIMULATION interference between modes ,
lA lso see No. 4601

—— 77.455
.4~3 

- , , Identificatio ti of Structural Modal Parameters bs
Simulation of Random Environments for Structural .Dynamic Tests at a Single Point
Dynamics Testing - -N. Muramand . J.F . Billaud , F , LeLeux and J P .
D,D. Styles and C.J. Dodds
National Engrg, Lab - East Kilbride , Scotland , Expt l .  

Kernevez 
- -- Centre Technique des lndust~mes Mecanuques SEN [IS ,

Mech ., 16 ( i l l, pp 416-424 INov 19761, 11 figs ,
8 

— France , U.S. Naval Res. Lab., Shod Vub. Bull .,
re ~ No. 46 , Pt. 5, pp 197- 212 11976) 10 figs . 10 refs

Key Words: Digital simulation , Random excitation . - -Key Words: Parameter identification , Modal tests , Dyna-

A dig ital technique f o r the simulation of random environ’ mic tests

ments is presented and the results of its application in the
case of generating test signals for a simulation test on a The present work report ed herein deals with identification .

mu lt iwhee led road vehicle are shown after dynamic excitation tests at a sing le point , of modal
parameters of a structure with arbitrary viscous damping,
and possibly with practicall y coincident frequencies of
vibration. Damping values are not necessarily low and t he
restrictive condition that it be possible to diagona l ise the
damping matrix on the base of natural modes of the co nser-
vative structure is not imposed.

DESIGN INFORMATION
l&’nm Nos 472,600, 6011
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CRITERIA . STANDARDS. A computer program for CDC 6600 is developed for the
AND SPECIFICATIONS nonlinear sonic boom anal ysis incl uding the asymmetric

ef fect of l i f t  near the vert i cal plane of sy mmetry . The pro-S i n ’  Nos. 475 , 515 , 5821
gra m is wr i t ten  in FORTRAN 4 language , This program car
ries ot.ut the numerical integration of thnn nonlinear governing
equations from the input data an a f ini te distance from the
airplane configuration at a f l ig ht alt i tude to yie id th e  pressure

MODE SYNTHESIS s ignitu de at ground. The required inpu l data and the format
for the output are described. A compl ete program list ing and(Also see Nos. 454 . 455 , 6 1 1 1 a sample calculation are given.

77456
Experien ces its I sing Modal Syn thesis Within Project 77.438

V ibration Anal ysis of Stru efures ( sing F’ ix ed- lii t er.Requirements
J .A. Garba , B.K. W~d~ and J C. Chi ’ n u  I~ee Coni ponent Modes

C S/ m sStru u: t and Dyn . Si’ tion , Jet Prmmpu lsi om m L in
I “ . Dc b’ mu sr and St ‘ a c  Sy s t e nm us Group, Ru mdl)Pasadena , CA 9110 3, U,S, Naval Res Lab - Shi.)u I

Seam S , CA - U S. N,ival Res Lab., ,Shock Vib. Boll -Vib , Bull., No . 46 , Pt . 5 , pp 213-230 119761 9 f i u ~~s Nij 46 , Pt 5 ,pp 239-25 1 11976) 2 fu u 1s 3 rubs24 ref a
Sponsored by NASA

Key Words, Computer programs , Modal analysis

Key Words. Modal Synthe sis Thus paper describes a modal coupling program ICOOPL I
which computes vibration modes of a structural system byThe paper describes th e experiences in the application of using f ixed-interface comp onent modes, It contains a com-modal synthesis metho ds to a large com pies structure in a plete deruvatnon of equ ations which lead to efficient al-project envir onment , The consideration s include analysis , go rit hms. A sample problem to illustrate the accuracy of thehardware interfaces , organizational interfaces , schedules , formulations is also included,tests , resources , and other project requirem ents.

77-459
-‘ General Purpose Computer Grap hics l)isp la~COMPUTER PROGRAMS System for Finite Elenien t Models
H.N . Christuansen , B,E. Brown amid L. E . McCleamy
Brigham Young Univ., Provo , UT , 10. 5. Naval Res.
Lab - Shod Vub. Bull - No 46 , Pt . 5 , pp 61-66
11976 1 8 figs , 5 refs

GENERAL Key Words: Computer programs , Graphic methods , Data
display, Finite element techniquelAiso tee Not. 576 , 5911

This paper describes a Fortran computer program which gen-
erates displ ays of f in i te elemen t models in fine drawing v nd/

77.457 or continuous tone format. The systervi reads data generated
Sonic Boom Research , Progress Report , 1 May - by other analysis routines , accepts a variety of con tro i

commands , and produces line drawings with (or without l31 J uly 1976 
hidden line removal and/or black and white or ful l  colorV Zak kay and L Tung continuous tone images wi th hidden surface removal , TheDi v. of Applied Science , New York Univ., NY . Rept. display features are appropriate to both static and dynamic

No NASA-CR-148548 , 15 pp (July 31 , 1976) math models and at low output in si ngle frame or smooth
N76-2896 2 animation movie format,

Key Words: Computer programs , Sonic boom
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E NVIRONIVIENTS hiding the waves were overcome by means of new ~usu al i ia-
non techniques . A simple relatio n was found lietweeri wave
angle , ~ei Mach number , and so und ve loc i ty  ra t io  which
agrees well wi th  a theoretical model ,

77-462

~~~~ ~~~~~~~ by Iiiip ingeiiient ol ‘I’urbuleiit

ACOUSTIC How on Air fo il s of ~‘ ar ied (lord . Cs lj nd e rs and
A :- , I S - i ~ Nos 451 , 457 , 475 , 498 . 526 , 535 Ot her Flow Obstrueti oi is

548 , 549 , 550 . 564 , 566 , 582 . 597 , 634 , 6431 W A .  Qlsu’n
NASA , L.m A us Rums Ctn - Cleve land . Ui I - Rq m  N
NASA-TM X T14[4 F 8829 , A IAA fSi m u ’ - m  -76-504 ’s’

77-460 pp (1976)
Nunierical Simulation ot’ Turbulent J et Noise . Part 2 N76-30922
A W. Metca l f . ’ arud S.A . Ors,ag
Flu .mw Hum si , u m u l m , Inc., Kent , WA , Rept Nu NASA Key Words : Noise generation . Engine noise , Aircra ft  noise ,

CR144978 , Rept 62-Pt -2 , 25 pp lFeb 1976) Fans

N 76-30921 Noise spectra were measured in three dimensions for several
sur faces immersed in turbulent f low fro m a let and over a

Key Words: Jet noise , Digital simulation range of flow conditions, The data are free f ield and were
corrected to re move the small contr ibut ions of jet noise .

Results on the numerical simulation of jet f low f ields were at mospheric attenuation and feedbac k tones. These broad-
used to study the radiated so und field , and in addition , to ban d data were compared with the results of avai lab le the o
exte nd and test the capabilities of the turbulent Jet t imu la - ries which are o nly str ict ly app lica ble to simple geometries
tion co des. The principal resu lt of the investigation was the ov er a l imited range of conditions , The available theories
co mputation of the radiated so und field from a turbulent proved to be accurate over the range of f low , chord length .
j et. In addition , the computer co des were exte nded to thickness , angle of attack , an d surface geometries defin in d by
account for the effects of compressibil ity and eddy Vi 5 CO5 i t i / ,  the ex periments. These results apply to t he noise generated
an d the treatment of the nonlinear ter ms of the Navier- by fi xed surfaces in engine passages , the l i f t ing  sur faces of
Stokes equations was modified so that they can be computed aircraft an d also to ~ i n noise.
in a serni’implicit way. A summary of the f low model and a
description of the numerical methods used for its solution
are present ed. Calculations of the radiated sound f ield are
reporte d. In addition , the extens ions that were made to the 77-463
fundamental dynamical codes are described. Finally, the Non elass ica l ‘teousti es
current state-o f-the-art for computer simulatio n of turbulent C P Kem u t~ ”rjet noise is su mmarized , -

Sc hool of A u’ mo n.  and Astru n , P u r l -  ,u :  L lm u uv - L , u ’ ,en

u m I t u ’ . IN , H u ’ l : t  N,I NASA CR 1,11 ,1,7 Ru~ ;u 1

27 i’p A :iq 23 , 1076 :
77-46 1 N7 Im . . l0024
Jet Noise Research by Means of Shock Tubes
H i) i ’ n  m u ’ I  Key Words: Sound transmission
Ins t  i t o t  Franco -Allem mia nd de Rec bler l _ buu _’s , St Louis ,

France , Rimpt . No (SL-CO-209 /75 , 12 pp (July 2 . A stat is t ica l  approach to sound propagat ion is considered in

( I.J / 1 0 situations where , due to the presence of la rge gra dients of

Nil 30926 prop ert ies of the medium , the classical ideterm i n istic l treat-
ment of wave motion is inadequate Mathematical met hods
for wave motions not restr ic ted to smal l w avelengths lana lo-

Key Words. Jet noise , Shock tube tests gout to known methods of qua ntum mecha n ics l are used
to formulate a wave theory of sound in nonuniform flows.

A hig h pressure shoc k tube w as used for studying the wave Nonlinear transport equations for u n- id pro bab i lu t u n ’ ~

anq ies o f s t ra ight  waves en -mitted from cold and hot super- derived for the i nmi t in g case of no nint e ractun g sound waves
so nic free e ms.  D i f f i cu l t ies  encountered with tu rbulence an d un is postulated that such t ransport equations , appro-

priatel y genera lo’ ed . may be used to p red ic t ml , ’ st~ t u - . ? u c , d
behavior of so und in a r bn tr ary f lows .
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SEISMIC
The Predictio n of Noise Levels I)ue to Road Traffic lAis o see N,,,, 479 , 492 , 506 , 563 , 596, 644 , 645 . 6461

M E. Del.iny, D,G Harl,stud , R ,A , Ilmuo d and W F .
SUm o les
National Physical Lab . , T i m d in iqto nt TVV 1 1 OLW , 77.466
England , 4 . Sound V ib - 48 (3) , pp 305 325 (Oct 8 . Earth qua ke Test Eisvi ro ,wi ei it -- Simulation and
1976 1 5 figs , 32 rnmbs Procedure f or Con iniunicatio ns Equi pment

N.J. U’- C,,pua , M.G H u ’ m ’ m, s n amid S C,  L i u

Key Words: Traff ic noise , Noise prediction Bell Telephone Labs - Wbuippany, NJ 07981 , U.S.
Naval Res , Lab., Shock Vib. BuU., No, 46 , Pt, 2 ,

The authors have developed an improved procedure for pp 59-67 (1976 1 8 f igs , 4 n i b s
pred icting noise levels L 10 from road traf f ic .  The new
method has been adopted for use within England and Wales
in connection with the Noise Insulation Regulations 1975 Key Words: Seismic design , Equipment response
and for other aspects of planning. The formulation of the
new procedure is discuued . and i ts ov era l l pe rf ormance A rational procedure for determining a regional earth quake

assessed by re ference to a comprehensive data bank, test environment for communications faci l i t ies is described ,
The approach includes examination of a wide range of tele-
ph one building responses to arrive at an upper-bound re-
sponse spectra. An acceleration time history test environment
in th e form of a synthesized earth quake is generated to
match the spectra. The regional test ~ then established by
l inearly scaling the time history to the peak acceleration

PER IODIC sho wn on a national earthquake design reg iona l ization map.
Further scaling to acco unt for motion amplif ication for in-
building location of equipment was achieved through exarr ,i-

77-465 nation of data gathered from the 1972 San Fernando earth-

On the Math eniatica l Conditions for the Existence quak e

of Periodic Fluctuations in Non- Uii ifo rn i Media
M.D. Gunibur’~er and G O ,  K l i mi t u ste- in
Inst. for Cor n ip u ite m App lu u a l i n u nt S mum S c i u mu m u e and SHOCK
Engrm ( . , Ham nuto ms V.A 23665 , J . Sound Vub.,  48 (31 , lAlso sin ,  Nm 494 , 509 , 5t0 , 511 , 538 , 642 , 574 .

- - 575 , 586 , 587 . 592 , 594 , 642 1pp 345-357 lOct 8, 1976) 4 figs . 7 refs
Sponsored by NASA

Key Words: Wave propagation , Perio dic excitation , Period ic . ,

response Simu lation of ~1eehan ical Shocks Env ironment s ,
% o limi e I

In many areas of mathematical ph ys ics where the propaga - C. La la nmm€ ’
non of waves throug h non-uniform media is of interest , it Cou numui ssariat a I F  m uu ’ rq i e Atouoiq ii i’ , Li’ Barp. Fr amnce
is of ten assumed that periodic exci tat ions result in periodic Rept. No CEA- h 4 ,- H, ’ Ii 4 70 pp IJuly 197 51responses, This assumption is esamined by rigorousl y in vesti-
gat ing the en is tence of periodic solutions of linear hyperbolic u n m m . nc

d if ferent ia l  equations whose coeff ic ients vary with position N76 30610
and whose solution must sat is f y per iodic boundary source
c~ ta. Key Words: Equipment response , Shock resistant design ,

Mathematical models

Shocks can produce a severe mechanical environment which
must be taken in account when designing and develop ing new
equipment. Af ter  some mathematics using Laplace and

RANDOM Fourier transforms , the response to a one degree of freedom

I S - . -  Not 403 , 631 1 
system to a sinusoidai exc i ta t io n is computerl This po t s ’ .
shows and compares d i f ferent  analysis methods. These
methods are used to compare relative seve n t ies of tests and
to establish speci f icat ions,
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77.463 Suppressive structures are uniformly vented itructure i de-
Sunulat iois of Mechanica l Shocks Eisviron zui ents , signed to remain intact under blast loads from internal exp lo-
%‘ olui iie 2 sions and are intended to attenuate the blast waves wh ich

emanate from them . This paper covers past analytical and IC Lalanne experimental studies in explosion venting, and summarizes
Co m mm nmussarua t a l’En ue rgie Aronnuque , Le Burp, France much of the recent blast loading work in the suppr essive s
Rept No. CEA- A -46 82 12). 694 pp July 19751 structure s program. Scaling laws are briefly reviewed, as is
( In  French) t he concept of an effective vent area ratio. Curve fits to

N]6-3061 1 external blast overprexsures and impulses are given for a
variety of vent panel designs , including nested angles , per-
forated plates , zees , louvres , and interlocking I-beams.

Key Words: Equipment response , Shock resistant design .
Mathematical models

Shocks can produce a severe mechanical environment which 7747j
must be taken in account when designing and developing new Analysis of Concrete Arch Magazine Using Finiteequipment , After some mathematics using Laplace and

Element Techni quesFourier transforms , the response to a one degree of freedom
system to a sinusoidal excitation is computed. This paper J .M, Ferr it to
shows and compares different analysis methods. These Civ . Engrg. Lab ., Naval Construction Battalion Ctr ,,
method s are used no compare relative seve n ties of tests and Port Huenerne. CA , U S. Naval Res, Lab.. Shu~U Vib
to establish specifications. Bull., No. 46 , Pt. 3, pp 287-293 (1976) 9 fugs , 2 r e f s

Key Words: Arches , Nuclear explosion effects , Blast resistant
77-469 structures . Finite element technique
Effect of Phase Shi ft on Shock Response

The existing standard earth-covered concrete arch iglooC T .  Morrow magazine has been analyzed using f i n ite element techniques.
Vought Corp. Advanced Technology Ctr ., Dallas , TX ,
U.S. Naval Res , Lab., Shock Vib. Bull,, No 46 , Pt. 2 ,
pp 18 5-195 (1976) 5 figs

77-472
Develo pment of Structu res for Intense GroundKey Words: Shock resp onse . Shock tests
Motion Environments

The effect of phase shift on shock response for an electro- T O ,  Hunter and G , W , Barr
magnetically appl ied terminal step furuction of acceler at ion is Sandia Labs,, Albuquerque , NM , US. Naval Res ,
studied in this theoretical investigation. It permits a theo - Lab,, Shock Vib Bull - No 46, Pt 3, pp 215-225retical investiga tion of effect of phase shift on response

11976) 17 figs , 13 refspeaks and on energy absorption by a procedure that could
be approximated on a laboratory sh aker ,

Key Words: Underground structures , Ground motion , Nu-
clea r explosion effects , Seismic design , Blast resistant design

77.470 The development of the technology to insure the surviva-
Blast Pressures Ins ide and Outside Suppressive St ruc- bi l ity of deep buried structures subjected to short-duration ,
Lu re s high-intensity ground moti on environments requires the

integration and utilization of numerou s analytical techniques ,E D. Esparza , W , E Baker and G A .  O(dham design concepts , and material characterizations. Sandia Labs
Southwest Res, Inst., San Antonio , TX , U.S. Naval recently completed a program to develop a large structure
Res. Lab., Shock Vub. Bull., No. 46 , Pt. 3, pp 197- designed to sur v ive the ground motion environmen t resulting
214 (1976) 10 figs , 24 refs from a nuclear detonation in volcanic tuff . The paper details

the analyses which established the characteristics of the
ground motion environment and supported the structuralKey Words: Explosion containment , Blast resistant construc- design , the design of an experiment chamber and commen -ti o n
surate protective structure , and the results of the utilization
of the design on an underground nuclear test,
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77473 TRANSPORTATION
Development of a ~lov ab le Defo rni able Crash Barrier ISee Nm. 512 , 5801

U. Seiffert arid R . W e uss mu c r
Vuli’,swaqon AG , Gor um u aury, SAE Pap - n No . 76079 7 ,
8 pp. 12 figs . 3 robs

PHENOMENOLOGY
Key Words. Guardrai ls , Collision research (automotive)

Rigid moving barriers and deformabie movin 5 barriers are
compared conceptually and analytically, and advantages of
the deformable barrier in representing average vehicles are
presented. Several physical concepts f or controlled energy COMPOSITEdissipation are described , and experimental test results given.
Architecture and powerplant mass representation are dix-
cussed , and the need for field accident analysis as a basis for
structural repres entatuor s is stresse d. 77-476

Delam ination Studies of Impacted Com posite Plates
C,A. Ross and R.L. Sierak owsk i

77-474 Univ . of Florida Graduate Engrg. Center . Eglin AF B,
Develop iiient of a Shrapnel Conta itusi ent S~st cm for FL , U S , Naval Res, Lab., Shot I Vib. Bull., No 46 ,
Exp losive ’to .Elect ric Transducers Pt. 3, pp 173-182 (1976) 10 figs , 8 refs
PH Prasthof er Sponsored by the U.S. Army Res. O f f i c im
Exxon Production Research Co , Houston , TX , U.S,
Naval Res. Lab,, S b u uu , .k Vib, Bull., No. 46 , Pt. 3 Key Words: Plates , Laminates , Impact response
pp 277-286 (1976( 7 figs , 21 refs

This paper discusses both s teel-epoxy and fiberglass-epoxy
composite crossp i ied plates that w ere impacted with blunt

Key Words: Explosion containment , Energy absorption ended cylindrical impactors at velocities below the critical
penetration velocity. Failur e mechanisms in th e form of

A shrapnel containment system has been dev etoped to ensure lamina delamination were observe d for thirteen differentsafety of personnel and elimination of collateral damage to types of ply arrangements,
surrounding componentry from the operation of expl osive-
to-electric transducers, This hot been achieved within the size
and weight constraints necessary to make these devices
competitive with their electronic counterparts. 77477

An Evaluation of the Dynam ic Characteri st ics of
Adhesive-Elastic An isotro p ic Comp lex Material s

GENERAL WEAPON 5, Tmu k ar /e w s k i
Polish Acad e nmiy of Sciences , Warsaw , Poland , 99 pp
(Oct 3, 1975)

77475 )ln Polish)
Prediction of Standoff Distances to Prevent Loss of N76 27367
Hearing from Muzzle Blast
P.S. West ine and J.C. Hokanson Key Words: Composite materials , Harmonic exci tat i on ,
Southwest Research Institute , San Antonio , TX , U.S. Anisotropy

Naval Res. Lab., Shock Vj b ,  Bull ,, No. 46 , Pt. 3 . - - -- ‘ A variat ional method of describing the mechanic al charac-pp 129 148 (1976) 8 figs , 11 ref s teristics of anisotropic comp osites which are l inea ni y adhe-
sive-elastic and in a state of harmonic oscillat ion is formu-

Key Words: Gunfire effects , Noise tolerance , Standards and lated and used to calculate the limits for effect ive rnodu li
codes and dynamic supp lenes 2. The solutions are illu strated by four

examples of numerical calculations of the l imits of dynamic
In response to MIL-STD -1474 , thi s paper presents empiricall y mod ul i calculat ed for two-component composites of line arly
derived equations for estimating pressure , duration , and time adhesive-elastic materials comp osed of materials with iso-
of arrival for reflec ted shocks relative to incident shocks in tropic characteristics regularl y anisotropic as well as trans
the blast field around the muzzle of guns. versally isotropic.
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DAMPING [.1 P M i ( u u u u n u ’

lAiso s i - i ’  Nuis 4b t , 6t4 l  Lord Kinc ’ n i , i l ics , Erie , PA . U.S. Naval Res. Lab ,,
Sho.k V mI u .  Bu ll - No 46 , Pt, 4 , i l , 1 )i~l 162 19/6)
12 f l u l S , 5 n-Is

7 7-4 78
h it- ~is ’asurei iic ,it o l)aiuiping and th e l)etecti oi i of Key Wo r ds.  Helicopter rotors , El astome rs . Viscoe lastic

l)ai iiags ’s iii Structures by the Raiidoiii l) ecrenii’i it damping . Mathematical models

‘l’ecliiiique
J C.S Y a m tu ;  amid D Cu CalJe,- n ’ l l  A ground resonance anai y s i s has been develope d for fu l l y

arti culated or soft in-plane helicopter rotors with elasto meric
Mu ’ h Entyn g  Ut-pt . ,  Univ. of Mary li s u nd . C u l l ’ 1 -  lea d-lag dampers. This analysis includes a suitable mathemat i-
Park , MD ., U .S. Naval Hr ’s. Lab. - S i I Vi b Bnil I - ,  cal model of an ideal viscoe lastic material , 6y applying the

N~ u 4p Pt 4 , up 129 - 136 (197 1.) ) 1 1 b i 1 s  method of mu itib lade coordinates , the four -degree-of-free ’
dom analysis can be applied to any rotor wi th three or more
blades , Stabi l i ty boundaries are plotted for a hypothetical

Key Words: Damping, crack detection , Panels , Beams , rotor system w ith viscous and elastome nic dampers. The non-
Diagnostic techniques linear characteristics of two hig hly- damped elastomers were

determined experimentally as functions of dynamic amp li-
A technique called random decrement has been developed , tu de. The changes in the stabi l i ty boundaries at various
w hich makes possible the computation of damping values and amplitudes are plotted using the measured material charac-
th e detection of damage in structures when onl y response

te n istucs. The magnitude of these changes is shown to bedata is available. Damping ratios were computed using this within acceptable design limits ,technique f or several modes of randomly excited panels ,
beams , and bones. These damping ratios compared satisfac-
torily to damping rat ios which were computed from the
power spectral density method. Standard randomdec signa . 77.481
tunes were establ ished for all she structures. L~amages were

~ iss’o e lastic l)aiiip ing S~ stein I xc as a Re,sied ~ fo rdetected by observing the changes in the established signa-
tures, Notches which simulated cracks were induced into PO(;O F ilet -t x ois the l)IAMA\1’ Satellite Launc h
two of the beams. The ef fects of these notches on the beams ’ ‘s chicle
signatures are presented. M. Poi,at , P. Vual a to m ix , P. Cochery and M . V i’d r ’mnne

Societe METRAVIB - 24bis Cheunin des N 1, mt j i l les
69 130 , Ecul ly, France , U.S. Naval Res. Lal u - Shoci

77.479 Vib , Bull,, No, 46 , Pt. 2 , pp 245- 266 ( 1976 ) 18 tu g s ,
.-~n ,-~lternat e A pproac h to Modal l)aiii p ing a.- A pplied 10 refs

to Seistn ic .Sens it it e Equipis ient
L.A Bu r l- ian and A ,J. Ha nnibal Key Words: Launch vehicles , POGO effect , Viscoe iastic

Lord Kir me r m mit i cs . Erie , PA., U.S. Naval Res. Lab., damping
Shock Vib. Bull. , No . 46 , Pt. 2 . pp 6981 (1976 1 A fter a description of the POGO effect experienced on the
7 b u gs , 20 refs F rench launch veh i cles D IAM A NT B , this paper deals wi th

the technique of vi bration damping by a vis c oelastic coating
Key Words: Equipment response , Damping effects . Seismic an d the approach which led to its implementation. In the
exc itation , St i f fness methods secon d part , the results obta ined on samples and mock-up

are presented together with improvements brought by this
The authors propose the complex sti f fness approach to deter- technique no iater launch vehicles.
mine the mathe matical representation and parameter identifi-
cation o f the influence of damping on the response of dy-
nam ic systems subjected to transient exc i ta t ions such as

seismic disturbances , 77-482
Respoiiss- .-~nal’s sis of a St steis i with l)iserete t )amp.
c ry
G. K . H bbs , D.J. Kuiy~uor and J .i. Brool77. 480
Santa Barlu ,lm ,i Ru ’s Center . Gplu Pu , CA., U.S. N,~~,u I

‘I’hs’ A pplication of Elastomeric Lead .Lag I)ampers
Res. Lab., Shod . Vib. Bull ,, No , 46 , Pt. 4 , pp 137-to Helicopter Rotors 1i,m2 11976) 1: 3 f lqs , 1 re b
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Key Words: Spacecraft , Vibra t ion  dam p i ng FATIGUE

This paper describes the analytical design of a spaceborne
str uctural system which limits vibrational response through ——the use of di screte dampers. The analytical techniques used I i .48,)

are descrubeib , and ana lytical and experimental results are F’at igur- Pred it ’t io is for Stru t -f ur t- ~~~Subj t -ct~d to
compared Rando m \ ibratio ii

W.J. b-..i ‘rid and P.J. Juries
Mart Ini Mariett a Corp., Dc’nver , CO., U.S. Naval Ac ’ s .

EL AST IC L~u lm . , Sbu c uc k V ib .  Boll . , No, 46 , Pt, 3, l u 87-96
119761 6 figs . 10 robs

77-383 Key Words: Fatigue l i fe , Complex structures , Random
- , , excitat ionPlane hlarii ioiiit’ ~% a res iii l iquid Ov erl y ing a Moiio-

clinic , Crysta lhiiit- Layer A method is presented for estimating the fat i gue damage of
S. Do co mplex structures sub iected to random vibration , Conven-
OIl un g ru l Office )Qrs I,  P.O. Saniti ni l i’ t , in . Burbhu mni , ti o nal ran dom vibration anal ysis tech ni ques th at apply speci-

West Ber iuiiul , India , U S Nav,il Res Lab., Shock Vib. fica i l y to normal mode analyses of lumped parameter systems

Bull , No 
- 

46 Pt 2 , pp 169 179 (1976 1 7 fi gs , 13 r o bs 
are used t o predict the response stress stat ist ics. For each
response stress parameter . the apparent frequ ency of
response is determined and used to generate a stat ist ical

Key Words. Rayleig h waves , Wave propagation measure of the number of stress cycles in a gives t ime. A
Rayle igh distribution of stress response maxima is assumed ,

The boundary value problem concerning the propagation of and the fatigue damage prediction is completed using a
plane ha rmonic waves in liquid oveu l ying an in f in i te , mono- damage model that depends on the stat ist ics of the random
clin ic , c rysta l l ine layer of f in i te  depth is solved. Solution of stress maxima and the number of cycles. The governing
th e frequency equation is obtained and the dispersion curves equations are presented along with an examp le problem
ar e presented. Some interesting particular cases are derived whic h i l lustrates the methodology.
an d new resul ts are given. The results thus obtained in the
ca se of crystal l ine media are clarif ied in constnast with an
elastic isotropic case or with an orthorhombic material ,

7 7-486
Mt-ais LiIt Ev aluation for a St ocl iast i i - h.oadi i i~
Pro grani nie with a Finite Nuisib er of SI rai ls l.es clx

- . I sine Minr’r s RuleI- m ite l’.leiisent (.omo put er Prorrraiii b r  flit ’ (.alcu la.
- . - G . Phu lipp in , T ,H. T o p i ’ - u  and H.H.E - Leii .i flolltion of tin’ Resoisa iit F req ut-Iscie s o f .~ nisotropic -I )u ’ 1 m 5 of Civil E .uu l r u i . , Univ . of Vsaneu lot,, IA”ati.lrloo ,

~latr- r ialx
W M F- I -  ury Ont ario , Canada U.S. Naval Ac’s. Lab., Shock Vub ,

- . . Bull ., Nc . 46, Pt. 3, pp 97 101 1976) 2 t i n s , 13 rob sAt o m ’ ’n :  Eu m u m ,  
~ of Camm ,uuia , L Imb . , P ui m ,ie,,i . Manitoba . -

C,ju ,mda Reps . Ni A ECL- 52.34 , 62 i’~u (Sept 1975)
N76-27604 Key Words: Fatigue l i fe , Fatigue lmateria ls l , Stochastic

processes

Key Words: Anitotropy, Natural frequency, Computer This paper is concerned with fatigue l i fe prediction of a
programs , Finite element technique material subjected mc ’ a stochastic loading progr amme. Using

Miner ’ s rule - recognized to r’~- valid from a probabil ist ic
A set of computer programs for the calculation of the f lex- po int of view , - together with a d.umage pa rar i u u~ner associated
ura l and torsional resonant frequencies of rectangular sectio n with each closed h ysteres is  loop , ‘mfined in the stress-stra in
bars of materials of orthotropic or hig h symmet ry ore de- diagram corresponding to the given loading programme . a..
sc n ibed , The calculations are used on the experimental deter- example of l i fe  prediction is presented.
mination and verification of the elastic constants of aniso-
t ropic materials. The simple f ini te element technique em-
ploye d separates the inertial f ield transfer matrices respective-
ly. It includes the Tumoshenko beam corrections for f lexure
and Lekhnit s kii ’ s theory for tor s ion-f iexure coupling. The
programs also calculate the vibration shapes and surface
nodal contours or Chiadni figures of the vibration modes . . . . - ________ - —- . . .
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- 187 SO I L

~iiaR xix of Fati gue I’ iider Rai idtsi n ‘s ibratio n
I - . Ci C , i um :1 mi ’ rt
A mmun, i l t  L iF - m u m -  m i t  Div - Uu ’ m u u ’ u , u i  Elr ’etnis. C i , Uti .1 , 77489
N’s’ 1 :1603 , U.S. N , u v , u  Res. Lat u Mu I ~.

‘ l1) (3011 - Tin’ \ ibrat iti ns in Co isst ru rt i iimi Equipnu-iit
N~’ - I ,  Pt 3 , pp 66 72 I 16 1(0 1 t u  P iv , 14 meL I’ A. I )n, iI atos

lu-s t  if T€ ’ u l u u i u l u q y ,  Unuv ul Patn,j s , f ’ , i t m . .i- , , - reu .ce ,
Key Words: Fat ig ue l i f e , Randorti v u u , i , in, ’ m u  S , u i l , u u~- ui n U.S. N,i- ,, iu Res. Lab . , Sho . Vub B u l l ., Nc, . 3u -

response 11 6 , . 5 u i .55 (1 976) 2 figs , 22 u - I - ,

Closed form analyt ical  s olutions li~,x , - beer, il~rinnii ni, ~ uan .

t ati v i ’ i y descrube many areas of interest  regardin g fat igue Key Words Soil compacting, Vibrators Imach m neryl , Inter-

under random v ibration These ari’ ,is include relating u action, soi l -structure , Mathematical models

mean-square Gaussian stress to cycles and time no failure . ~~ - ‘-1
probabil ity density function of cycles to fai lure , and t he Where construction equipment are used , such as vibrat ing ,~

probab i l i ty  of fai lure to cycles to fa i lure.  Also included are compactors , best soil compaction is achieved by the appro-

the ef fec ts  of stress l imiting and of an endurance l imit.  pruate combination of the ope ration frequency and the

Comparisons between analyt ical predictio ns and empirical vibration amplitude of the vibrat ing roller . In this process the

results have been shown to be good whenever suc h co i nipa n u - propagation speed of the longitudinal waves created on soil
suns were made during the operation of compactor is a function of the Ire-

quency and vibrat ion amplitude , In the field , the above
pyrometers are measured with great accuracy by means of a
Laser device , In practice , the stochastic model for construc-
tion equipment - soil system can be determined with a very

. 7-488 good approximation if the various soil parameters are taken

Rami d s i.i V ibration F ati gue ‘l’ es t v of W.-ldbond ed and into consideration in the design of the machines.

Bonded Jo ints

F. Sand,uw , Jr and 0. M j u m m u - r
Air F Cmi i -  Flig ht Dynamm uics Lab , W r u j imi - Pattersoml 77490
AFB , OH , U.S N,iv,il Res . Lab - Shock Vi E Brj l l  , Model of Soil ’ Vibrating Machine INo -lii . Pt 3 . 1 ’  - / 3 -85 11976) c-I figs , 11 ru-Is P.A , Drakatos

Inst. of Technology, Univ. of Patras , Patras , C~ru ~ece ,
Key Words Joints . Fatigue tests , Random vibration U S. N,u’ ,,ii Res, Lab,, Shock Vub.  Bull ., No. 46 ,

Pt 5 , up 57-60 (1976 ) 1 fig . 5 rebs
This paper presents the results of a series of random x}-i~ker
expe riments , which were con ducted with test articles con-
sisting of thin beams , fastened to a si mulated st i f fener by Key Words. Soil compacting, Vibr at o rx (machineryl , Inter-

the weldbond process , using a so-called x pot-weid etch s ur- action , soil-structure , Mathematical models

face preparation treatment , and similar test art icles manu-
factured by the metal bond process , us ing a metal bond During soil compaction by means of vibrating machinery

IFPL I etch surface preparation. The test procedure is dis- changes in the density of the soil affect changes in the

cussed, To establish base line data , a series of riveted samp les damping and elastic characteristics of the soil , The calcula-

of the same basic dimensions were also tested. Fatigue curves tion of the compaction force app lied in the process us diffi-

in the range of t0~ no 10~ cycles were established for ski n cult. Up to now this force has been estimated experimentally.

thicknesses of 032 inch and .040 inch for each of the three By means of a Laser devuce capable of measuring the fre-

o u t  constructions. Results are also compared to fatigue data quency and the amplitude of the vibrations of the vibrating

obtained elsewhere machine , the compaction force can be calculated. 3

FLUID 7749 1

i S - u - N- is 525 , 1.35 , 5551 1)vnaiiiic Response of Rig id Foundations of Arb itrar y
Shape

32

~~~~~~~~~~~~~~.--- ~~~~~~~~~~~~~~~~~~~~ - -~~~~~~~~~~~ -~~~~~~~~~~

V

-



H.L. Wong and J . E - L uco is proposed that considers the eIleen, of the num ber ‘ml s t r ess

I j r II up .1k i E nqrq . Ri’s I_ il mu, .m 1 m m  y Call for nO Inst cycles o n equ mv aien n shear modul i - A rion’ iog rap h is puoirosed
to assist in the easy determination of cu 1 ’ i m ~ a i i’ ui u shear mod uui

of I ’ . b m u m m i l m m u j y ,  P~isad en ia CA. ,  l n t t l .  J. I for sands, A comparison is made between these f in i f un y s and
F ngr SIn um ’  Dynaun - ~1~ PP 679 587 11976) the results o f previous researchers.

Key Words: In terac tuon:  structure-medium , Foundations

A n approximate numerical procedure for calculation of the ‘

harmonic force-displacement relations hips for a rigid founda - .
~ iia Iy 515 of l’ .~ p lr i s i s e ly ( , r ’ ii t ’ rat m ’d (;round %lo ti ons

rioti of arbi t rary shape placed on an elast ic half-space is I s i ii~ Fourier ‘fechii iques
presented. This procedure is used to evaluate the vert ical , S.F. Blouin and S H. Wolf’
rocking and horizontal compliance functions f o r ri gid r ec- U.S. A r-u i 1  Cold Regions Res and [ u m , ~n~ L ,ili -
tangular foundations and the ve rtical compliance for a rig id F1 , m mu uvu: n , NH. A c - l i t ,  No , CRRE L 76- 28 , 91
square foundation w ith an internal hole. Several comparisons -
betwee n the res ui ss obtamned by the proposed approach arid (Aug 197 1
other methods are also presented. Sponsored by l i i ’ -  U.S. AIr F ‘ i m . ’ u ’i i9.’~ipons Lab,

Key Words: Fourier techniques , Fourier t ransformat ion ,

77-192 
Ground motion , Nuclear explosions , Underground explosions

Nonlinear Behavior in Soil-Stru c ture Interaction Fourier t ransforms of selected ground-motion time histories
I K .j u mv i ’l , J Cl H,,, -vsu- t and J.T . Christi an from five undergrou nd hui1h r -v i m i i u s ivu -  and nuclear detona-

‘iou i ,v m r ~r Engrg C - i rnu , Bos ton , MA , ASCE J t ions are used no define the transmission properties Itransfer

i. rn F u i u )m Div - 102 (GT 1 1),  pp 1159-1170 func n ions l  of t h uee rock types. Absorption , a measure o f a

- 1- r ’ c ’ m 
___— rock ’ s energy dis S ipat ing c harac nerusn ics , is expressed for each

- - ‘ - of the tests as a lii rue lion of n h -  frequency of transmission.
Dispersion results from a var iat ion in transmission ve ioc i ty

~~~ ,‘, ‘ m u , . lnte action: soi l-structure . Seismic excitat ion , with l r i ’ u m u i . ’ r u  i s - m d  is -i ,- si r ‘ nu , - u l  for each test by a phase
Ear th qua ke, velocity spectru m The trdiis,iiasion prop er ’n me s f rom one of

the s i tes are used no predict a g ro uruu-rnotion time history at
T ru e c ia  t u ~~r - im- ,or sance of secondary nonlinear effects in that site from .ir’u..u nt u .m r nuc ui it event. ‘ri u s . potentiai use of
soil . m , ,  ~~~ ‘ ,nteract i o n are investigated by means of the Fouruer  P. . “‘ “u” es to r- - ai.~ ground-motion predict ions . :,d
i terat ive I n  ir method it  is found that the ref inement in to measure in-situ ‘n’d t.- , ’al u , , ~i., i. ” .es s discussed.
the anal yses . w hile increasing the cost o f computation
sev era l times, tin es riot change the dynamic response in the
structure to a siij nuf .,mrm t degree. At the sa me time , an im-
prov ed ai- unr ,th u ,’u is presented for nhe computation of the VISCOELASTIC
cha rat t i ’ r u s m , m . strain used in the iterative approach . ~~ 5,

77-193 EXPERIMENTATION
Dynam ic Shear ~lo duli f i r  l)ry Sands
M,A Sh r u b  o i l  I. lsh mbas hu
Dept.  ml Cmv . Enij rg - Unmv . ml Washington , Seattle ,

F ‘ V ,\ - ASCE J , Gr ip’ f u Eu mu i r  Div ., 102 )Gf1 11. DIAGNOSTICS
pp 1171 11 6 - 1 ‘N’~’. 19761 lAo ~

, ,  p - 4 u ~

Key Words: Oyna m -: shear modulus . Sands
77-tin

Using the Torsional Sumpfe Shear Device , t he wri ters investi- Mec h anical lni p.’damice ‘Fer’hiii qu -s in sm all t b.at
gated the relationship between the equivalent dynamic shear 

- -

moduli , Geg and shear strain ‘y for Ottawa sand , Del Monte 
l)e’..i~n

sa nd, Golden Gardens , and Seward Park Sands. Based on their BE.  Dujuj ’ iI~~s mi ii H S K . m m - , u u u . l t C u i

experimental findings . the wr i ters propose two equatio ns lI , u v : ’ l  ‘i’s’ T , iy l . u r  ‘ i - r -  Sf iu i u R ~. [) :~ ‘ . ‘ .“ A mut i  ii
re lating shear modu li to shear strain lheiow and above L i l t  , Anna po l i s , ‘i i)  u 2 1 tm 7 C S m . ru Hi- s L,i t
0.03%l as a funct ion of the soii angle of internal f r ict ion Sb ’ uu ~u V uI m Buill . ‘~ -1 ’ -  Pt _, - 1 - 1 1 1 C r  i i’  i
(> a nd the ef fect ive confining pressure 0c - Also , a relat ionship 8 b u m - is 8 n - ’ f s  
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Key Words: Boats , Duagnostic technuques , Mechanical Wuth def i n i t ion of the req i a i r e r r ie r i t s  to tie s,,t,tl ,,-. i r, , m r ’ ,

impedance LTC , design dcxci i i l iur ,u ui n ,Sai fou n d t o m~cj icai i ’, r u m  ,nt o
three m - , i u i ’ uj u .ir .-s Aco mi s tu es . Ae roth e r ni ’ , ’ is u , , , ’ m u ,.  s . a l l

This paper us concerned with the use of mechanicai imped- Community Noise. Areas u I  desig n ot her than th i -se l , r ’ r iai ’ -

once techno lo ,iy no isolate and diagnose the stru c tura i cause to the various ni.im m n ,, , u u syste m s such as data imeasi .i,err.er’r
of airborne-noise problems on small boats. A normal mode recordin g . and process m ny l and mechanical u n - i  s e i p l m l , - i .

interpretat i on is g iven to analog mechanical impedance and laboratory air , cooling water . mc I .  The niec hanical , electrical
structural radiation factor spectra ui order to identit y hull and st ruc tura l  con s uderat i ons are s ta te -o f - t u e - art and , am
,iru.i decking resonances , ex air i iu m e noise transmission pa nh thoug h many inno v atmons have been incorporated in li e
strengths , and d ui l i- re r ’ r tu at e between radiating structural facil i ty, development testing w as not req u ired .
modes ar id the normal acoustic modes of she room , These

pies w ,’ri ’ , i u , u m i u i ’ u l no solve an airbor ir e-no se problem
on a 36 - lu u u uu hig h performance naval landing craf t .

77-498
Tber ii ,o ’Acoust ic Siiii u lat io ii of Cap ti v e Flight
Ej is’ iro nniermtFACILITIES VV .D. E vc’r’ ’ t t
Pai .ific Missile Tu ’st C u m u l i - n  - F - m int -F-mg . , CI~ - -  U S
Naval Ru~s Lab . ,  Sh i m ViE . Bull , N’~. 4p , Pt ~~,496 p~m 103-112 ) 1 9 / l u l  6 f iqi . 2 ‘ rhI )i’si~ n Stud y (if an F~~pi’ r ut iet i ta l  Blast ( liats iber

W E . RaCer and PA .  Cox
Key Words:  Test fac i l i t ies , Fii ght sir ri u ia s ion , Acoustic ex-

Sc’m~t l m ,’.u .-st  11’ ’s , ’ , m m -  I, I ns t i t u te , Sari Antonio , TX ., ci tat ion , Thermal exci tat ion , Miss i ies
U.S. Naval Re’s. Lab., Sb,,,: I V ib .  B u l l . ,  6,. 46 , Pt. 3,
pp 227-250 ) 1976 ) 5 f i gs , 31 r ebs A test faci l i ty  and procedure have been developed wherein

the combined thermal and vibration stresses of captive f l i ght

Key Words’  Test faci l i t ies , Blast ef fects are accurately simulated. The faci l i ty  is essennua i iy  a iarge
reverberant acoustic chamber within which us a small tern-

This paper covers the preliminary design considerations for perature chamber or shroud. The f lexibi l i ty o f the thermai
shroud ix the novel feature of the fac i l i ty  wherein it containsan experimental bias r chamber intended for repetitive firings

o f explosive charges up no 13 6t li uj in weig ht , with minimal the temperature conditioning air to the immediate vic in i ty
of the test missile , yet it is transparent so the acoustic energydis t urbance to personnel in the v i c in i t y .  It includes a survey
which in duces the vibration in the missi le.  The test procedureof pas s work in blast chamber design , the evaluation of
is based on an estimate of the l i fet i me fl ig ht-use environmentseveral a l te rnate  desi gn concepts and the resu i ns of analyses
for the tested missile in terms of percentage of mile at vari ousperformed to establish chamber material . spherical or cy lin-

drica l shape . si ze and thickness.  Responses to initial and re- fl ig ht dynamic pr essure conditions.

f iected blast waves are include d . as well as stresses from
internal stat ic pressures. E f fec ts  of chamber evacuation on
modification of loading and chamber stresses are sho wn, 77,499
Other factors addressed in the paper are chamber venting for
unev m, cuated chambers , responses to charges detonated of f -  ~

ut Three l)ire ct io mi al ‘s ibratiois St of eiii
center , lining with shock-absorbing materials , and spa Cing F .M. Ldg mfl:~t u m m u
effects,  Dynau nuic Envir onum ,m’nts Branch , Applied Sc. m ’ ,nces

Div .. Whi te Sands Missile Range , N M - U.S. Naval
Res. Lab., Shod , Vib. Bull ., No. 4i~r , Pt. 3 , P1’ 15-26

7497 (1976 ) 35 figs

~ Ti nt Facil i t y for \1 rc raft J et Noise Reduction,
Part II Key Words:  Test fac i l i t ies , Fl ight s i m ulat ion , Vibrat ion nests

B.L. Gc,’ bm i- u ,
Boimi nq Cummuurn r mr ,,ial A um im ld n e Co., J . En’, ir on Sr- i , 

The design and performance of a three directional vibration
syste m to simulate ground and air tran s portat ion vibration

~
i) 5) ep 20-24 (Sept/0’ 1976) 2 fugs , 24 ref s  environments us presented. The basic system was built an

White Sands Missile Range , New Mesico and ut i l izes a multi-
Ki . y Words A i rc ra f t  noise , Noise red uction . Test faci l i t ies as is  drive unit,

31
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77-500 Key Words’  Test fac i l i t i e s , Modal tests
l)ual Shakt-r % ibrati on Facilit y

The sub 1ect of this papet is the MODALAB IMobi le DynamicC V ,  l i ydu ’ n l
Analys is  Labora n or y i .  Ob iectives r,f t i ’ e  MODALAB dev elop-

(-‘,iu ibi ~ Miss ile I n s t  C e m mt m r u - Poi mtt Muqo , CA ., U.S . ment are discu ssed. The theoretmca i co ncepss supporting she
Naval lies. I ~li : ., ‘nbunck Vib . Bu l l  , No ‘lb . Pt 3. current MODALAB modal-test procedures are ounhned along
up 27 t.m . i 1976) 37 figs , 15 s u m l s  with alternate test ing theories. The MODALAB hardware and

software systems are described. There is a delineation of the
current modal-test procedure. Res u mss of an earl y application

Krm~ Wonr is T e st  fac i l i t ies , V i b rat ion tests , Shakers , Missiles
are presented.

Two complete and independent vibrat ion syste ms were util-
ized to test  the PH OENIX and HARPOON missiles - includ-
ing random noise generators , equalizers , ampli f iers and 77~~03
shakers. Since the si gnals from the two systems are rsn nu iom

~ii lntrodtution to the A pp lication of Modal Analy”and independent there is no Con stant phase relation (con-
tinuousl y and randoml y changingl between the two vibration Sis Sur v ey s in flue Test Laborator y
inputs and their respective transmissibi l i ty throug h the H. Caruso
missile. The shakers are therefore independently controlled Pro’ ui Qua l i f im .mtion Lab. , ‘v’v ’ -s t in g bnouse F lectr ic
assuming the system is essentially linear at the critical Ire- Corp., Baltimore , MD ., U.S. Naval Res. Lab.. Shock
quencies and amplitudes. The two shakers were identic gl in

Vib. Bull ., No. 41 , Pt. 5_pp 253 - 256 1976)order to reduce setup comp lication and control probl ems.

Key Words: Modal analysms , Test faci l i t ies

77-501 This paper provides basic guidelines for performing effective
S. Data Act 1uis iti o ii Method t’or l)yiuain ic Vehicle modal analyses in the test laboratory. Considerations for

‘festin g appropriate accelerometer placement and si gni ficant re-

.1 C Abrornavage .i n i  R L. Bee mnuer Cording equipment characteristics are detailed. The unique
f lex ib i l i ty  of modal analysis test f issuring is discussed alo ng

An muu ’ nco  Technical Center . SAE Paper No. 760789 . with specific test practices that should be employed to ensure
12 pp. 10 figs she acquisition of uncontaminated modal information .

Finally , the use of animated display s to interpret modal
data is presented with special at tent ion g iven no displayKey Words: Automobiles , Motor vehicles , Dynamic tests .

Test equi pment , Test faci l i t ies ut i l i ty an d l imitat ions,

This paper d iscusses s he development and construction of a
Mobile Teieme r ry instrument Faci l i ty IMT IF( used for the INSTRUMENTATIONacq uisition of dynamic vehicle test data, Objectives of the
MTIF are maximum f lexibi l i ty ,  high acc uracy, an d fast Etu is u see No, 5091

response during dyna mic test act ivit ies, The latest dana
telemetry, recording and reduction technology is incor-
porated in she fac i l i t y ,  Selection and application of the

77-504instrumentation such as light beam osci ui ographs , Mecc a or
f loat ing grou nd systems , environmental co ntrol , on-line data \ i i ts ~- Dos it nef ers .- Past , Present and Futur e
analysis and instrument calibration equipment are explai ned. D.A , Giarduno amid J.P . Seiler
Alto covered are the advantages of such a mobile facil i ty over F - t u n i n g  Enfot u : u ’ m ’ r r -  ill an u  Sat i’ty Ad -n i ru i s t m ’at uon ,
a per manent operat ion base, Pittsbm. rgh . PA., S/V Soi ,m m.i Vub. , 10 10) , pp 26-30

(Oct 19/ re 9 tugs

77-502 K, , Words: Noise meas urement , Measurmng instruments

~IOl) ~E.AB - ‘i. Nets Sv si1’ i t t  f or Stn ic f u ral I ) yna tnic
‘l es t ing The technicai criteria for noise ex posure rating. the develop-

ment of noise dosime rers , an d prac s ic al requirements forP .C. St u ’oud . S. Smith and G A , Hamma
these instruments are detailed. Commercially available units

N Spua.e Sy , t’ ’ m -  S Div ., Locklui ’ nmm .l Miss ules ~. Space Co.. are brief ly described and the future importance of noise
Sulnnyvale , CA ,, U.S. Naval Res Lab., Shock Vib . dosimeters is evaluat ed,
Bull - No . 4hi. Pt 5 , Pp 153 - 175 11976) 26 figs ,
Fr p 1 5
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77.505 77.508
‘ l’he Ef fec t of Signal Cli pp ing in Rando tit ~ibrat io n Simulating ‘I’actical Missile Flight Vibration with
‘lest ‘ing Pneumatic V ibrat o rs
A G  Ratz 0G.  VandeGriff , W .D. Aye rs and .1G. Maloney
Vmbu .u t i o n ( ns t rui ns eu ut S Co., Annab te isru , CA ., US. Naval General Dynamnics Corp., Pomrmona , CA., US. Naval
Res. Lab,. Shock Vib , Bull ., No, 46 , Pt. 3. pp 113- Res. Lab. , Shock Vib , Bull, , Nu~ 46 , Pt. 3, pp 1.14
127 111376) 11 figs . 7 refs )1976i 14 figs

Key Words: Vibration tests , Test equipment , Elecs rody - Key Words: Pneumatic equipment , Vibrators Imachinery l,
namic shakers Fligh t simulation , Missiles

The effect of clipping th e drive voltage is considered , w hen The use of multiple pneumatic vibra s ors for the simutation of
an eiec rrodynamic exciter is used so carry out wide-bend simultaneous three axis broadband random flight vibration is
random tests. The theory is derived for the clipping in- presented for a tactical missile application. The acceleration
fluences o f force capacity of the system . sp ectral densities measured during she pneumatic vibration

tess compare favorabl y with those te lemeter ed during flig ht
of she tactical missile.

77.506
Barrel -Taisiped , Exp losivel y Propelled Plates for
Oblique Impact Experiments SIMULATORS

- lAlso see Nos. 499 , 500. 5991PH . Mathews and B.W . Doggun
Sandia Laboratories . Albuquerque , NM 8911 5,
U.S. Naval Res. Lab ., Shock Vib. Bull., No, 46 . 77 509Pt. 2 . pp 14 5-154 11976( 8 figs ,9 ref s

Actuator Development for System-Level Shock
Test ing

Key Words: Plates . Impact tests , Test equipment G. R . Burwell
The use of explosively driven rotating flyer plates for high- Boeing Aerospace Co,, Seattle , WA., U.S. Naval Res,
velocity impact fu z e testing involves the detonation pf a Lab ., Shock Vib , Bull., No. 46, Pt. 2. pp 85-99
solid explosive so accelerate massive , slo wly rotating plates (1976 1 13 f igs . 8 refs
so h igh velocities. The device to be tested is positioned at a
distance along the flig ht path sufficient so allow rotation of
the f lyer p late before impact. Thus, any angle bet ween the Key Words. Shoc k tests , Nuclear explosion simulation
plate ’s surfaces and the plate velocity vector can be obtained. -This paper discusses the design , development and capability

of an act uator for system-level shoc k testing. The actuator
was designed to prov ide input motions to a full-scale test

77-507 article that simulate the airb iast-induced ground motion
- ‘ m associated with nuclear attack. The actuator energy sourceDyna m ic Resuonse of Flexible t rethane Foam s After - - . - -is high -pressure gaseou s nitrogen which powers a piston l

Streas -’Relaxati on p iston rod connected to a test article, Piston motion is
W A .  Ashe controlled by the flow of hydraulic fluid through piping,
8ASF Wyandotte Corp., Geismar , L.A . S.A E Paper accumulators and orifice plates. The design requirements

No 760727 8 pp 2 figs are presented unciudu ng the wide range of shock levels which
she actuator was required to produce. The design approach
and the influence o f the dynamic response model on the

Key Words: Test equipment , Dynamic re sponse , Foams desig n are discussed, A description of the model , model
refi nements and improved coefficient values obtained emp iri-

This paper describes she development of a mechanical test ca l ly also is presente d , Typical test/analysis comparisons of
appa ratus for measuring the dynamic response of f iesibie moti on histories are provided. A description of the actuator
foams after extende d stress rela x ation. Additional items physical operation is prov ided with an emphasis on config ura-
cts cussed are creep, pocketing and fig ht back . tion elements that control she motion and thus determine

the input conditions to the test article.
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77.510 TECHNIQUES
Rev iew of Nuclear Blast and Shock Envi ro muiu ei.t lA l su u  a,.- Nos. 510 5C2 . 577 , P19 , 6 r -

Simulation
E Sevun
Defense Nuclear A qi.-m mu .’,, W as hir iytom n . D.C., U.S. 77-512
Naval Res Lab. , 5 1 m . ,  ~l’ Vmb. Bull . No 4 1., . Pt 2 . Dev elop ment amid A pp lication of a Min iature Re-
pp 5-16 (1976 1 10 figs corder/Anal yzer for %Ieas uremiiemit of the iranspor-

tation Ent ironnht-ni
Key Words. Nuclear explosion simulation . Testing tech- M A , Vi -m ur -tu ~ ari d 3.3. Lorussum
niques Air Force Pam lauj unq E v a l u a t m u .i nm Agency, Wright

- - - - Patter son AFB . OH , U.S. Nava l Res Lab ,, Shom.kAn overview is presented of nuclear aurb las s , craser ing. and -- - - . Vub Bull ., No 46 , Pt 4 pp 23-29 119761 13 figsground shock environment simulation techniques uti l izing
conventional high explosives and suitable for iar ge-sca le field
testing, State- of-the-art capabilities for both full space and Key Words. Measurement techniques , Tran s portation effects
limited space simulation are discussed , including the so-called
MINE THROW and HEST techniques, Representative data This paper describes the design of a miniature recorder!
are shown so indicate the degree of the simulation possible analyzer system developed primaril y f o r she measurement of
in airb iast , crater shapes , and ground motions for both the the environm ent experienced by packaged items during
kiloton and megaton range of near surface nuclear exp lo- handling, shipment , and storage. Significant features of this
s iOns. solid state device are: real time data analysis , metal oxide

semiconductor memory, small size , low power requirements ,
rugged construction , and extensive measurement capability.
Environmental parameters measured include impact shock ,

77-511 tempe rature and humi d ity. Applications of the recorder are
Design of a Blast Load Generator for Osrerpressure described for monitoring shipments of cushion packs , let
Testing engines , and nuclear cargo.

P. Lieberman , 3, O’Neill , D. Freeman and A, Gibbs
TR W Defense and Space Systenins Group, Redondo
Beach , CA 90278 . U.S. Naval Res. Lab., Shock Vib.
Bull,, No, 46 , Pt, 3, pp 261 276 (1976) 10 f igs , 2 refs 77-513

Dynamic Measu rement of Low .I-’ requenc y Cotsi .
Key Words: Blast loads , Nuclear explosion simul ation . ponents of Track-Induced Railcar Wheel Accelera .
Computer programs t ions

S,A. Macintyre , CT.  Jones and K E , Scab me ld
This paper discusses the requirements and design features of E NSCO , Inc ., Spring field , VA 22151 - U.S Naval Rimsa blast load generator whi ch can essentially simulate the

- - Lab., Shock Vm b . Boll .. No, 46 , Pt 4 , pp 11 21overpressure histo ry of an atomic weapon burst in 3 7-ft
diameter and 9-ft high test volume. The overpress ure history (1976 1 9 figs
parameters , rise time to peak pressure , peak pressure and
pressure pulse decay time , are considered in the design of Key Words: Railroad cars , Accelerometers , Railroad tracks ,
the blast load generator parameters . inert driver gas and Vibration measurement , Measurement techniques
pressurization , driver section cross-sectional area and volume ,
driver section vent hole and time delay, driven section cross- This paper describes how a limited range high-resolution
sectional area and volume , and filling materials and their se rvo-accelerometer can be used in rai l c ar applications. The
layered depths. A computer code prediction of environ- development of the system s ransfer function , a descript ion of
rnent perforcnnance prior to construction of the blast load the physical system , and laboratory test results are also
generator , as well as the measurements of the performance , discussed
are both presented

S.
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77 - 51 4 Key Word s Beams , Earth quakes

Bounded Impact - A Repeata ble Method for 15 ro’
tec l imi li’ Sh ock Simulation 

A procedure is prese nted for finding she elastic properties of
a vibrating body. The data needed to insure a unique solution

R 1~. I u r u b n  :‘ lu  , Jr are contained in the impulse response Thu s both amplit ude
Han m is E l i - e t m u m m u  Sy st e uu is Div . U.S. N,i~~il Hes L.ilu - and natural frequencies are required. The particular case of a

Shock V i  Bull,, N . ill., Pt 2 . i i  101 - 107 (19761 beam is used to i l lustrate the procedure

-1 figs , 1-1 n r - b s

Key Words Testing tec hniques , Pyrotechnic shock environ-
n’~ nt ..— —

Power Ser ies E xpansi o n of the I)y’ namic Sti l lness
A method to simulate pyrotec hnic shock occurrences is
described in this paper The method is capable of simulating Matrix Including Rotary Inertia and Shear l)eforn ia’

shock levels up to 20 ,000 G spectra , is repeatable wi t h no t ion
residual displacernsent or veloc ity, and produces time histories M P.i.’ and L, Dunq
similar to field events , A parametric study was performed on Univ . m i  Louisvil le , L , u u s v u lle , K V - U.S. Na val l’1 :~
a computer model of the tec hnique and a comparison us made

Lab., Shock Vib. Bull ., N 46, Pt. 2, P 181 -184
of model prediction versus actua l results.

(1976 1 1 fig. 7 n - b c

Key Words: Beams . Timo x henko theory, Rotary inertia
775 15  effects , Transverse shear defor mation ef fects , S t i f fness

Standards for Noise Measu reis ient met hods
R .W Hr -y i ’ m n i mm and F . Z Sacbns
U.S. Arnmmy Envirom innienta l Hygiene Agency , Aberdeen The dynamic sti f fness mat rix for a beam element is derived

from tne Timoshenko di fferential equation with the inclusion
Proving Ground . MD.. S/V Sound V ib., 12 (1W , of rotary inertia and a shear deformation , The terms of this
pp 14~20 (Oct 1976) matrix are exoanded into a powe r series as a function of the

vibrating f requency.  A discussion is presented for establ ishing

Key Words: Noise measure ment . Measurement techniques , th e region of converge nce of the series expansion ,

Standards

A compendium of some of the recent noise measurement
standards is presented and com parisons of she standards are
made according so approaches taken in the above factors. 77~518

The discussion of the various approaches should provide Anal y s is of Space l’raxnevvork s Containing Curv ed
so me assistance in the drafti ng of new or revised stan d ards. Beam s

M A . Cassaro and 51 Pa,
Univ . of Louisv ille . Louisv ille , K V ., U.S. Naval Hr’s .

Lain ., Shock Vub.  Bull . , N:. iii , Pt. 5 , ii; 37-48

COMPONENTS 119761 16 figs , 2 ri bs

Key Words: Curved beams . Frames , Transfer matr ix method

This paper presents a stud y of the anal ysis o f curved beams in
BEAMS , STRINGS , RODS space by use of the tra nsfer method. The anal ysis is capable

of handling beams having additio nal distortions such as
built-in twist with respect to t he longitudinal axis , as well as

77.5 16 
coordinate tra nsformatio ns producing super-elevation and
inclination of s he beam axis , Comparisons are made between

On the Solution of th e Inv erse Problem w it h Amp li’ i nternal forces produced in st raig ht beams and curved beams
tu de and Nat ural Frequency Data. Part I to evaluate the effects of beam curvature and she additional
V Barc ilon distortions of built-in twist , super-elevation and beam inclina-

Detm t . of G i ’ r i l i b i y s um il Si uu ’ n i i  ‘c , Univ . of I llin o i s , t ion.

C bmm i .dul u IL., 24 PP (Jimm ie 1976)
AD-A028 776/3GA

58

- . -

~~

I

-— - — ‘
_
~~~~~~~~~~ i -- .- -- _ _ _ _ _ _ _



—. ‘ “ ‘ ‘ r ~~~~1,, , _,,,,__ ~~~~~~~~~~~~~~~~~ ..,. ,,_. , ~~~~~~~~~~~~~~~

77-5 19 BLADES
Dv naluit’ Response ol Elec trical Cables to Shock
Mot ion
R.W . Doll
T R W  Dr ’ l i : nms i ’  and S l i l . um Sys t em mus Group, Redondo 77.522
Beach , CA 90278, U.S. Naval Ros. L~d , Sfmo ck Vub. Elenieii ta ry Three .Dij iiensi onal Interacti v e Rotor
Bull ., No, ‘(i. , Pt. 2 , pp 109 120 (1976) 7 figs , 2 meb s  Blade Impact Analysis

R.v~’ . Cornell
Key Words: Cables , Equations of motion Applied Mecharnics and A .’ mu : l y nan m iu .s , H a - ’ :  ,i lP n

St andard Div . of United ‘1 ci u miolog ies Ce,u Ii ., S r  :j vc ’The response fo r flexible cables is derived in terms of the Locks , CT ., J, E n m u l r  Power , T rans . ASME , 98 (4 1 .longitudinal , torsional an d two-transverse equations of —

motion . An investigation of the cable response is accom~ PP 480-486 (Oct 19761 14 I l l S , 8 r ’ls
pu shed us ing a finite element discre s iz at ion of the equations Paper No . 75-WA/GT- 1 5
of motion,

Key Words: Blades , Fans , Impact response (mechanicail ,
Mathematical risodels , Mass-spring systems

77-520
A theoretical analysis is presented which defines she loading

Dy iiar ii ics of Flexible Cables I nder Combined Vortex an d response of a rotor tan blade due to soft or frangible
and Paraj sle tr j c E xcitation impacts in terms of the three fundamental modes of vibration
S.A. T m u m  l i m p . J . F - Wilson and B. R Munsoi i by representing the blade as a lumped, spring-mass system .
DI I..’ Univ - Durh i nnm , NC , J, Dyn Syst . Meas and The features , solution, program , and applications of this

a nalysis are reviewed , and the results are compared withCo n tro l , Trans. ASME , ~~ (3) ~p 286-290 (Sept those from a number of blade and specimen tests and found
19761 6 figs , 9 r i - b ’ , to be in good agreement.
Paper No, 76-Aut KK

Key Words. Cables , Transient response , Vortex shedding, COLUMNSParametric exci tation

The response of a flexible cable under the com bined effects
of transverse fluid loading (vortex shedding l and parametric
excit ation (time varyin n tension l is considered , Experimental 77.523
results are presen ted for steady-state cases. 

Eva luation of Resona ist ( ol ufiiii It-st Dev ices
G B . Skoglund , W E , Mari . mison , Ill and H ,W . C ar ry

U.S. A rnnmy Engr . Waterways L s l u m  inn m lii Stat s i n ’ ,
BEARINGS Vick s burg , MS. , ASCE J. Ge:utcc Ii . Engr . Div . ,  102

(GT1 1),  pp 1147-1158 (Nov 19761

77.521 Key Words: Columns lsupports l , Dynamic moduius of
Spherical Plain Bearin gs .. Friction , W ear , and Service elast ic i ty,  Dynamic tests , Sand
Life

Resonant column tests were performed by six par t i c ipa n ts  inW .M , S m ’m m t i ’ig
a program designed to evaluate results from vari ous de v ices.Inc Ri .,eu n i Co,, Inc ., SAE Paper No. 760707 , 16 Pp. Each participant was given more or less identical samples of

21 b i i ~c mater ial and specific in structions intended no keep the test
con ditions as near identical as possible. Differences in shear

Key Words: Bearings , Dynamic response an d compression modu lu ranged from minus 19’S so plus
32% of the average. These differences could be explained

A new calculating method has been developed which all ows largely by differ ences in unit weight and specimen prepara-

the designer to predict more accurately the service life of tuon techniques , No systematic differences were noted be-

radial spherical plain bearings. Part I covers relubrica bie steel- ca use of differences in apparatus used ,

on-steel bearings . and Part II covers self-lubricating PTFE-
on-chromium or PTFE-oun- stain iess steel bearings,
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CYLINDERS Key Words Ducts , Acoustic linings , Acoustic imp edance

Models and tests on an acoustic duct liner system which has
she property of controlled-variable acoust ic impedance are

77.52 described. This is achieved by a novel conce pt which uses
Noise Measurements of the Lowes t F requency s he effect of steady air flow t hroug h a multi- layer , locally
Lon gitudinal \lod e of an Alw ii inuni Cy linder at reacting, resonant-cavity absorber , The scope of this work
Liqu id Nitrogen l’eisi peratur es . Final Report was limited so a ‘proof of concept The test of the concept

W S . Davis was implemented by means of a sma ll-scale , squa re-section
flow duct facil i ty designed specificall y for acoustic measure-

Dept. of Physn us dnd A str o nou sm y, Maryland Univ ., menss , with one side of the duct acousticall y lined.
College Park , MD .. 24 Pp (1976)
A’)-A029 046/OGA

Key b’ , m ords: Noise measurement , Cy linders 77.527
Cois iparison of Cross .S pectr al and Si gna l Enhance-

The lo ’v es t frequency longitudinal mode of an aluminum tis ent Methods for Mapp ing Stead y- State Acousti c
cylinder has been studied over the temperature range 60K -

Fields iii Turbomachiner y Ducts78K , Lead zirconate sisanate crystals were bonded to the
cylinder for observation of the thermal fluctuations , and J . ltJ . Posey
relaxation phenomena. The very large fluctuations in noise NASA . Lang ley Res, Center , Langley Station , VA .,
temperature are not understood and warrant furt her inves- Rept No. NASA-TM-X-739 16 , 14 pp lAug 19761
tigation . N76 -30030

Key Words: Ducts , Turbomachim iery, Sou us d pressure
77.525
Forces on Cy l inders Near a Plane Boundary in a The conceptual differences between the following two ap-

Sinusoi da ll~ Oscillat ing I”l uid proachex us ed to measure spatial variations in steady-state
acoustic pressure amplitude were examined: taking the cross

T. Sar i kaya spectrum between two signals from probes in the same field
Dept. of Mech . E ngrg., Naval Postm,~ra duuate School , or taking the difference in complex Fourier transform of
N.1:ir ’it~’rtr’y, CA. , J. F lu i i ds Engr., Trans. ASME , 98 (3), enhanced probe signals. Conditions for equivalence of the

pp 499-505 (Soi l 19761 5 figs , 13 rots two methods are discussed ,

Patur r No 76- Fr  K

Key Words: Cylinders , Pipelines , Fluid-induced excitation GEARS

The in-line and transverse forces acting on circular cylinders
pl aced near a plane boundary in a sunusoidall y osci l lat i ng
fluid in a U-shaped vertical water tunnel have been measured.
The period parameter UmT/D . the Reynolds number and the 77.528
gap between the cylinder and the plane boundary were Vibrations in Gear Drives; Test Results and Calcu la-
varied. tion Method for Dynamic Tooth Forces

H. Rettig
Royal Aircraf t Estab l ishmc ’nt , Farnboroug h , England -DUCTS Rept No. RAE-Lib-Trans-1882 . BR52720, 18 pp

( Aisui v- ’~ Nos 588 , 589 1
(Feb 1976) (EngI. transl . from 4 t1m World Congr . on
t h -  Theory of Mac bnines and Mech ,, Paper 30 , 1975 ,
pp 163 168 1

77-526 N/ b - 2 7576I)us ’t Vs all Inipedance Control as an ~dv anc ed Con ’
s’s- pt 1or \ -oust ,c Impress ion. Final Report 

Key Words’ Gear drives , Vibration response- u-a r .sn I B I lest ’m
- - ‘ m i d - C, - - n ’  a Co - Marietta , OH. Rei -t No
‘ , .‘i~A CR 1 . 1 .198 , LG76ER0 132 , il,.1 pp ( Nov

- 11)1128
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In order so determine the vibrational forces and the stability MECHANICAL
of vibrat ions in a gear assembly, the ef fect of disturbance
factors on the behav ior of v is coel astic vibr ation systems must
be known. The extent to which the idealization of such a

77.53 1system is possi ble without suppression of the important
characteristics of the solution is considered. Based on test I), Ilamic Character istics of Contact ’Separatio ti in
results and theoretical inv estigations , a simplified calculation Mechani r~ns
for the determination of the dynamic f orces on the teeth is Y R . Chang dod F Y , Churn
~~velo ped.

State Univ of New York at Buffalo . Buffalo , NY .,
ASME Paper No. 76-DET -14

I SOLATORS Key Words: Mechanical elements , Mecha n isms , Viscous
damp ing, Coulomb friction

4 ~-529 An analytical study of the contact-separation phenomenon
of two pre-loaded mechanical members subjected to anFocalizat ion of Semi.Sysntnetric Systems external motion excitation through the supporting frame is

I Hannibal present ed.
Lord Kinen ri,Il cs , Erie , PA ., U.S . Naval Res. Lab,,
Shock Vib . Bull ., No. 46 , Pt. 4, pp 253-267 (1976)
7 figs , 10 rubs

PIPES AND TUBES
(A lso see No. 5251

Key Words: Iso lators , Mass-spring systems

The focalization of a rigid body havin g one plane of sym-
metry and supported by a rigid foundation through four 77 532
ax isymme s ric isolators is investigated. The isolators are Vibration and Stabilit y of Fluid.Convey ing Pipes
divided into two sets having different elevations and lateral H. Lu n and S. Chen
spreads. The existence of multiple solutions and the sensitiv- Argonne National Lab , Argonne , IL 60439 , U S
i ty of the focalization to parameter variations are discussed,

Naval Res, Lab,, Shuc. I V ib. Bull ,, Ncr . 46 , Pt . 2 .
pp 267-283 ( 19761 15 figs . 5 r’ rf s

77-530 Key Words: Pipes (tubes) , Fluid-induc ed excitation , Ssabi i-
Matri x Methods for the Analysis of Elasticall y Sup . ity, Mathematical models
ported Isol atio n Syst ems
G L Fox The dynamics of a fluid-conveying pip e , clamped at the up-

stream en d and elastical ly supported as the downstream end ,Barry Div ., Barry Wrig hi Corp.. Burbank , CA .. U.S. are studied and applied to the special case o f an LMFB IR
Naval Ret. Lab., Shock Vub. Bull ,, No . 46 , Pt . 5. steam generator tube. The method presented can accurately
pp 135-145 11976) 3 figs , 7 re fs predict the response of a system to an excitation with an

a rbitrary initial con dition and time-dependent boundary
condition. The method can be applied to other nonconserva-Key Words: lsoianors , Mass-spring systems
tive systems.

Thit paper presents a new method for calculating stiffness ,
damping and inertia matrices for lumped parameter linear
systems. After a discussion of the solution to the equations PLATES AND SHELLSfor a six degree of freedom rigid body, the analysis is ex-

l,4iso see Not. 555. 6391tended to a two-mass , twelve degree of freedom system . In
s Ite limiting case that the second mass inertia masr x can be
ignored , some especially simple relationships are obtained.

77 533
Fragment ~ eloc it it ’s fro iss Burstin g Cy lindrical and

LINKAGES Spher ical Pressure Vesse ls
(See No . 4881
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R L Bessey anud J J. Kulesz reviews and discussions of Russian l iterature have been

Southwest Rese ,umch Institute , Sam Antonio , TX . U.S. published.

Naval Res. Lab., Shock Vib.  Bull . , No. 46. Pt. 3,
)mp 25 1-259 (1976) 7 figs , 9 ro bs

77.536

Key Words: Containment , Pressure vessels Spectru m and RMS Levels for Stres ses iii Closel y
Spaced Stiffened Cy lindrical Shells , Sub ject ed to

— 
An analytical method is used to describe bursting gas reser- Acoustic Excitation
voirs and to predict the maximum fragment ve locity attained C Mayms ion
by p ieces from the fragmenting containment vessels.

Arrna nm mo nt Devurlopnnuent Au thorl ty - Haifa - I sn j r r l  -

U.S. Naval Ret. Lab., Shock V ib.  Boll ,, No 46,
Pt . 5_ p p  25-35 (19761 10 figs , 10 n u t s

77-534
Com putatio n of U pper and Lower Bounds to the Key Words: Cylindrical shells . Sti f fened shells , Acoust ic
Frequencies of Clamped Cy lindrical Shells excitat ion , Donnel theory

R .W . Nau
Dept of Mathematics . Carleton College . Northfield , A formulation , by which R MS values of stresses in cy lindrical

sh ells with closely spaced st i f fe ners sub iected so acoustic
MN., Intl. J. Earthquake Engr. Struc. Dynam ,, 4 , excitation can be obtained , is pr esented. A digital computer
p. 553-559 (1976 ) program , based on the present formulation was w r i t ten , and

numerous examples for unsti f fened shells are presented.

Key Words: Cylindrical shells , Natural frequencies Noise reduction information us obtained.

Methods for obtaining bounds on natural frequencies are
demonstrated for the free vibration of thin . clamped cylin-
drical shells. The upper bounds are obtained by a Rayleigh- 77-537
Ritz procedure. The lower bound method used is an eaten- On the Dynamic Response and Failure of Stiffened
sion of one previously applied to simpler structures; the and tinstiffened Cy lindrical Shells Under Axial
extension is needed to adjust to limit points in a spectrum, ImpactFor both bounds the problems reduce so matrix eigenva lue
problems. Numerical techniques are employed to keep the G. Maymon and A , Libam

order of these reduced problems small , Dept of Aerot rautica l EngIneering, Tech r ion - Israel

Inst. of Tech ., Haifa . Israel , Rept. Na TAE-275 , ‘1
45pp (Mar 1976)
N76 -29647

77.535
Response of SheDs to Acoustic Shocks

Key Words: Cylindrical shells , Axial excitation , Computer.J. M. Klosner programs
Dept. of Aerospace Engrg . and Applied Mechanics ,
Polytechn ic Inst. of New York , Brooklyn , NY., Rept. Time history of the expected values of stresses and radial

No POLY-AE/AM-76-9 , 14 pp (May 1976) displacements in imperfect , closely space d, stif fened cy i rn-

.AD-.A028 983/5GA drical shells sub iected to ax ia l  impact is analyzed. A specially
constructed computer program is ut i l ized for presenting
several numerical parametric studies of axial l y stiffened

Key Words: Shells , Interaction: fluid- str ucture . Fl uid-in- she lls. Of interest is the apparent existence of an optimal
duced excitation . Acoustic excitation size of stiffening.

The past 25 years have witnessed a multitude of studies
relating so fluid-structure interaction. Such a wide range of
prob lems have been investigated that an attempt to review all 77.538
of the relevant l i terature , within the confines of one paper , l)~ ,ianh ic Response of I.ans ina led Com pos ite Shells
w o u l d , of necessity, be sketchy. Accor dingly, this review is -

C T .  Sunlimited to investigations concerned with the response so
acoustic shocks of shells submerged in a fluid of infinite Di’pt. of Enm irm i S c m u mm c e and Mecbrane.s and [rir ln ,J

expanse, Even in this restricted domain , ther e is an extensive R u s s - m r  .h Inst., Iowa State Univ., A “~~s , IA ., U S
iiterature. Those references most pertinent so the sub iect Naval Ret. Lab., Sho . l Vi b.  Bull , ~~ -16 , Pt, 5.
master have been included: numerous invest igat ions in the mp 17-22 ( 1976) f i I u j s , 8 rei s
Russ ian l i terature have not been, However excellent detailed
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Key Words: Composite s tructures , Shells , Pulse excita t ion E .G. Ran ru unm e n s tort e r arnd A. Beer
Inst fu i ’ m A l k e n m u i r n u i r  N_-li: hanik , T ,U ‘m ’sus ti , A ost mu , u .

In thi s paper the classical method of separation of variables , F ors c b u l m m l m .- n u u i ’ ’ m . v , 42 1 1 ,1 , iii l i P  172 (197hlcombined with the Mind l in-Goodman procedure , is em ployed
9 figs , 6 m b 5to analyze the dynamic response of a simply-supported com-

posite shell under a uniform dynamic pressure on the inner ( In  Genn u an)
surface of she shell.

Key Words. Plates , Natural frequency, Plastic deformation

A poss ib i l i ty  of the improvement of she dynamical behavior
77-539 and the stabil ity of structures without using an additional
Fundamental Frequency of ’ ibration of Clamped consumption of mate r ial or better but more expensive
Plates of Arbitrary Shape Subj ected to a h ydrostatic mater ials is shown by the influence of self stresses. As an
State of In-Plane Stress exampl e prestressed circular plates are discussed , its naturai

frequency and its bucklin g load are increased by suitableP.A.A. Lauira and R . Got ierr i i stases of self stresses, The results of an optimization of fields
Inst. of Applied Mm honics , Base Naval Puerto Bel- o f self stresses are presented and an experiment shows a

j m ano , Argi’ntina , ,I, Sound Vib., 48 (3), pp 327~332 practicability of producing use ful self stresses.
(Oct 8. 1976) 2 figs , 12 refs

Key Words: Plates . Natural frequencies , Conformal mapping,
Galerkin method

SYSTEMSThe present paper makes use of conformal mapping and
Galerkin ’s method to determine the fundamental frequency
of vibration of clamped plates of arbitrary shape subjected to
uniform in-plane stress. Numerical results are presented for
several plates of regular polygonal shape. Frequency curves
obtained by means of Lurie ’s expression are alto given for
simpl y supported p lates. ABSORBER

lAiso see No. 5781

77.540
A Reduction Method for Problett is of S ibration of 77.542
Orthotro p ic Plates Pol yure thane Integral I” oam a for Safety 1st or OnT. Sakata \lol or % s ’hicl es
Dept. of Mech , Engrm i , , Chubu Inst. of Technology . H. SchaferK:c,ayai . Nagoya - sub , Japan 487, J. Sound Vib., Leverk iusen , Germany, Au tom ob i l- t ’ -u h. Z ., 78 (91.48 (3), pp 405412 (Oct 8. 1976) 2 figs , 13 refs —

pp 361 -365 ISept 1976( 9 fi gs
(In Gernnan(

Key Words: Plates , Orthotropism , Natural frequencies

It it shown that the problem of vibration of an orthotropic Key Words: Collision research lausomosive) , Foams , Energy
plate can be reduced to that of another orthotropic p late by absorption

a simple co-ordinate transformation , and reduction formulae
are obtained. As an example . an exact natural frequency of a Characteristics of a new material which provides increased
simply supported generally orthotropic skew plate with safety, avoids mnnor types of damage on motor vehicles , and
special f lexura i rig idities is obtained from that of a simply offers an extended range in she forms of application to car
supported isotropic rectangular plate. constructors and designers are presented.

77.5.11
Increas ing the \atu ra l Free;ueney at id (hi- Buckling
Load by Suitab le Plastic Defor iss ation ~~~~~~~~~~~~~ . — —
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ACOUSTIC ISOLATION 77’545
Concrete W alls for Highway Noise Reduction
E.C . Lokken

77,543 Portland Cement Assoc ,, Sl.okic , IL., ASCE Transp.
Noise Barrier Screen Measuren ients: Sing le Barriers Engr. J., 102 )TE4 I, pp 637-649 (Nov 1976)
H.N . Foss

Applied Physics Lab ., Washington Un iv ., St. Louis , Key Words: Noise barriers , W a l l s, Concrete construction ,

MO., Rept No, PB-250971/9 ; APL-UW-7509 , Rept Traffic noise

24. 1 , 71 pp (June 1975) Sound walls are being used to reduce she imp act of traffic
Sponsored by DOT noise on residential and business installations adjacent to
N76-28963 major urban traffic rouses. Noise wall projects using cast-in-

place concrete , precast concrete panels , concrete masonr y

Key Word s : Noise barriers . Experimental data , Noise mea- units , and plaster or air-piaced concrete are described ,

su rement

Measurements on screen noise barriers are report ed . The
77.546results of calculations that convert point source curve to the

incoherent line source land line source segment ) case are also Techni ques for Noise Expo su re Control in Existing
given. The measurements were conducted as two frequencies Power Plants
and employed a variety of source-to-wall and wall-to- rnicr: A A Pope
phone spacings. They were carried out indoors using pulse Engrg Research Dept., The Detroit Edismin Co.,
techniques to eliminate unwanted bounces and ref lections.

Detroit , ML , J. Engr. Power , Trans. ASME , 98 (4 1 .
pp 487-492 (Oct 19761 l3 f igs
Paper No. 75-WA/Pwr-6

NOISE REDUCTION
(Also see No. 573) Key Words: Electric power plants . Noise reduction, Indus-

trial facilities

77.54.4 The control of noise exposure in existing power plants is

Noise Suppression with h i gh Mach \t mmii be r Inlets discussed. Among the difficulties encountered in a noise

E Lumnsdaine . -.1 G. Cherng and I 
control program are identification of sources of high sound
levels , identification of personnel exposure , and identifica-

Tennessee Univ , Knom <vm lle , TN - Ru- i t N NA SA lion of feasible means to control sound levels. This paper
CR- 2708 , 108 pp (July 1976) describes procedures and equipment which can be used to

N76- 28959 control noise exposure in existing power plants.

Key Words ; Noise reduction

AIRCRAFTExperimental results were obtained for two types of high
lAlso see No. 565)

Mach number inlets , one with a translating centerbody and a
fixed geometry inlet )collapsinj cowl) with no censerbody.
The aerodynamic and acoustic performance of these inlets
were examined. The effects of area ratio , length/diameter 77~547
ratio, and lip geometry were among several parameters V/ STOL Aircraft Noise Predictio n (J et Propul so rs)
investigated. The translating centerbody type inlet was N.N. Reddy, O F . Blskney, J .G. Tibbets and J .S.
found to be superior to the collapsing cowl bosh acoustically

G ibsonand aerodynamically, particularly for area ratios greater than
1.5. Comparison of length /diameter ratio and area ratio Lockheed-Georgia Co., Marietta , OH., Rept. No.
effects on performance near choked flow showed the latter LG7 5E ROOS4 , FAA-RD-7 5- 125 , 327 pp (June 1975)
to be more significant. AD- A028 765/6GA
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Key Words ; Aircraft noise , Computer programs , Noise pre- survey and prelimina ry investi gation , pro paya5ii. ~n ef fects ,
diction source alteration ef fects , an d investigation of ver i f icat ion

techniques. S ix teen problem areas were identif ied and
A computer program is presented for predicting the noise studied,
levels of V/ST OL aircraft with jet-propulsive-lift systems.
Using s he equations dwe lo ped in Part I of this report the
noise levels may also be estimated with hand calculations.
Vectored thrust , externally blows flap, upper surface blown 77-550
flap, internally blown flap, and augmentor wing are the Airframe Self-Noise: Four Years of Research
propulsive-lift concepts considered. Semi-empirical equations J C Hardin
are derived using the test results and theories for the follow ’
ing aricraft noise sources: Internal engine , jet , excess )co re NASA , Langley Research Center , Langley Stat ion ,
engi ne) , high-l ift system , airframe , and auxiliary power VA. , Rept. No. NASA-TM - X-73908 , 73 pp iJ u ly
unit. A computer program predicts the perceived noise levels 1976)
and tone corrected perceived noise levels for V/STOL aircraft N76-28957
at any specifie d sideline distance for known geometrical and
operational parameters.

Key Wor ds; Aircraft noise , Self-excited vibrations , Reviews

A critical assessment of the state of the art in airframe self-

77.548 noise is presented. Full-scale data on the intensity, spectra
- . . , , and directivity of this noise source are evaluated. VibrationLanding Gear and Cavity Noise Prediction of panels on commercial aircraft is identified as a possible

D.B. Bliss and R .E. Hayden additional source of airframe noise. The present under-
Bolt Beranek and Newman , Inc., Cambridge , MA., standing and methods for prediction of other component
Rept. No. NASA-CR-27 14 , 57 pp (July 1976) sources . airfoi ls , struts , and cavities - are discussed , The

N76-28961 various experimental methods which hav e been developed
for air frame noise research are discussed and sample results
are presented.

Key Words ; Aircraft noise , Landing gear , Noise prediction

Prediction of airframe noise rad iation from the landing gear
and wheel wells of commercial aircraft is examined , Measure- 77-551
‘nents of these components on typical aircraft are presented. Structural Identification on the Ground and its FlightPutensual noise sources are identified. Semuempirical expres- - - -
s ions for  s he sound generation by these sources are developed Including Command and Stab il ity Augmentation
from available experimental data and theoretical analyses. Syst em Interact ion
These expressions are employed to estimate the noise radia~ AGARD , Paris , France , Rept . No, AGARD-R- 64 6 ,
tion from she lan ding gear and wheel wells for a typical air- 61 pp (1976)
craft and so rank order the component sources, AD-A028 98217GA

Key Words ; Aircraft , Mathe matical models , Stabil i ty anal -
77.549 ysis , Finite element technique
Effects of \ lotj on on Jet Exhaust Noise From Air .

- The four papers which comprise this report are all concernedcraft , Final Report , .in some way with the compariso n between the mathematical
K S .  Chun, C.H. Berman and S.J . Cowan model of the ar iplane and its actual behavior on the ground
Boeing Commercial Airplane Co., Seatt le . WA. - or in flight. New structural testing methods are present ed.
Rept. No. NASA-CR-270 1; D6-41995 , 221 pp which make it possible to provide the designer with accurate

( June 1976) results for comparison with the f in i te element description of

N76-28960 the structure , and with corrections to this model. A summary
is given of the work done on the MACA , f rom the design
stage to she flight f lut ter test , to un derstand and analyze she -d

Key Words; Aircraft noise , Jet noise aeroelastic phenomena. New reduction techniques which
greatly improve she accuracy of flight f lutter test results are

The various problems involved in the evaluation of the jet presented . The final paper show s how the problem of inter-
noise field prevailing between an observer on the ground and actions between the aircraft structure and the command and
an aircraft in flight in a typical takeoff or landing approach stabil i ty augmenta s ion system has bees solved on the MRCA ,
pattern were st udied, Areas examined include literature
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subsonic l i f t ing-surface methods. In one method , she elevator
( :ts here,sce Methods I ecu to l)eI’ ine lransiiiission was treated as a discrete surface , and in the oth er two meth-

Pat h s it t .‘4irbor iie \nteiina Vibratio n ods , the sta bilizer and elevator were treated as a s ingle
w arped-surface with the primary difference between t hesePi ’,jn Su)nl ~r m ’ j  (1 f - T f ua I Ien
two methods being in the mathematical imp icrne nta t io n

Ait Force F m l iii Dy n u , i n m m e  s I lii A m isjht - P. i t t m ’ r son used. A comparison of ~he experimental and analytical results
AFB , Of- u~~u. l - L i , i i  S N,i~j I Res Lit ., Shod -. Vub.  shows that the discre te-elevator method predicted bess she
Bull., No -1 Pt ‘1, p~i .1.) iii 1976) 3 figs , 11 r u - I s  experimental f lu t te r  dynamic pressure level. However , the

single w.i i ~u’ il-sur fac e methods pre dicts more closely the

Key Words: Antennas , A i rcraf t  equipment , Vibration isola-
experimental f lus te r  frequencies and Mach number trends.

sion , Vibration control

Condi s ional coherence functions are used in a practica l
mechanical v ibration problem to determine which of several
possi ble inputs are the major causes of vibr ation of an air ’  I)rag I- f fe ets oii Vs iitg Flutter
borne antenn a. Pairwise , multiple , and muitip ie conditional A. P u - I n ’ ~mfld H A~ i u L -  -y

cohere nce spectra are derived from flig ht vi bration data. The Polyp’  m u : . I n u s t u t  use , Buc Imj r :~t , Rornuanla , J , A ir -
vibratory inputs causing seu-:ral important antenna responses - r . t ’  13 ( l Uu - pp 755-7 h.~ Oct 1976) 5 figs , 7 nets
are identified despite correlations between inputs. —

Key Words. A i rc ra f t  wings , Flutter . Fluid-induced exci tat ion

77.553 Using the large-aspect-ratio , cantilever wing as a model . the

‘4Iat lt entat ical A pp roache s to th e  l) yna mics of l)e. questi on is addressed as so whether forces of a drag type
may have a significant influence on dynamic aeroe lastic

formable Aircraft s tab i l i t y .  The elementary example of an e i as s ica l iy  suspended
Royal A mn - ra tt  Estab l msh m n mo m it , Farnborotig h, Enug l1u n l, “typical section ” airfoil with consta nt drag and quasisseady
Ri’1 Ni , ARC .R/ M.3776 .Mi .u mi u, R A E . - TM-St ruct- air loads is ana lyzed.
807 , RAE - TR - 71 13 1 , RAE-TR - 71227 , 125 pp (1976)
‘~76-28 195

77-556
Key Words: A i rcraf t , F lut ter  Digital Tim e Series Analysis of Flutter Test l)ata

R ,W . Len! and IDA , F u j i - s i a n
Descriptions of two separate mathematical approaches to she

Air Fuurce Flight Test Center , Edwards AF B. CA -dynamical problems of deformabie aircraft are presented,
The preface discusses she long-standing need for a philosophy In AGAR D Structural lden tm f mca t ,o n un thu Ground
to unify the work of stabi l i ty and control specialists on the and in Fl ig ht Including C o r n - - a i r  and Sta l’ i l i ty A ,,;r
one hand and of flutter and gust response specialists on the ment ation System In im- rac t i en i r s -  19/6 , Imp 7.,.’.i
othe r. At tempts to extend to deformab le aircraft the con- IN/h 296[m L . m
cepss developed for the rigid aircraf t  in class ical stabi l i ty and

N76 29658control theory are made,

Key Words: Aircraft , F i un m- -r . Dmgita i simulation

77.554 A minicomputer based digital time series anal ysis Syste m is 51
Geared .Elev ator l” Iutter Stud y used at the Air Force Flig ht Test Center so provide near

C L R h ]  m u . , A V U on ’  l u - I t m  Jr in, I A A , Cr ‘~m m y  real t i m e  estimates of modal parameters during flig ht flu ster

I
test i ng,

H i u s - unig Go’ -r rr- r nial Aurp l ar mi - Co.. Seatt le , I / IA ., Rep’,
No Ni.RA FM 7 1002 , 12 pp i N_ l ay 19761
N76 2/1158

77-557
Key Words Flut ter , A i r f rames Structural Identification on the (;rou ind and in Elu~hl

Includ ing Command and Stab ilit y -tui ~ s iiu’ii fat ion
An experi men ma u and anafy m ic a n study was made of she System Interact iois . I
transonic fl utter characterist ics of a supersonic transport tail AGARD , Paris , F rance . R u t  N~ - A ( AF-i [, t-
assembly model havm ru q an all-movable , horizontal tail With a 57 pp (June 1976)geared etevator I lutter calculat ions (mathematical modeis l
wer e made for the s i-ar id  i- lu ’ v a m r -ir conf iguration using three N7 6 296 56
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Key Words. Ai rcraf t , Spacecraft , Vibrat ion tests , Flut ter  77 -5 61)

TIn- l) y Iialliies of l)eki riiiab le Aircraft
Papers are presented which deal with vibration testing of air U L V~’ ,m, m lm ~craft and rocket vehicles , f lutter analysis , particularly of sh e R mu y , i l  A ims n ~u F I I -~tqb lishmr m int , Farnboroug h. E ngland,
MA CA aircraft , digita l techniques for flu ster anal ysis , and
interactions between aircraft Structures and the co mmand 1 m m 15 Math , Ap~m r mi ,um Los to t I me Dyn , of Defu im ’ .isl ,Ie
and stability augmentation system of she MACA . A io ra i l  lY/ l i , pp 77 123 1N76 28195 19-02 1

N 76 28 1’) 1

Ku’5 Words Ai rcra f t , Dynamic ana iy ses , Equations of
77-558 motion
t ii .-t ues-s.’atieti t oh the hui portaiu ’e oh t h e  If esidual

The c5ru, ,r. . of a way of formulat in g the equations of motion
Fle~ ib ih ity u il \s ’g lu’eted Muide s in the l) y iiai iin ’al of a deformab ie air c raf s is considered , Emp hssis is placed on

~i.a hy mis o f l)t -ion iiable Aircraft ease of unde us tanding and application .
.5 S. l ,ijon ami M R . Collyer
51 m m t , r m ’ s  Dept., Royal A irm .ra f t  Establis hment ,
l-~u’ rmI i ,  n i m u g h . England , Rept. No ARC-CP -1336 77-561
RAE .TA 7 / 1 1 0  ARC 35085, 78 PP (197W Boundary Layer Fluetuat i isg Pressure Data Otstain ed
N ~‘ i -30171 ui a High Back groun d \uuisu’ Env iro ,unent on a Smal l

Scale Vs nid Tunnel Model
Key Words. A i rc ra f t . Modal analysis G.L. Get l ine

General Dynamnics Convair D iv . ,  San PSi ‘In . CA .,
The mathematical framework for a uni f ied approach to she
dynam ical problems of def ru rm ab ie .u ircraft is use d as the U.S. Naval Res. Lab.. Shock Vub.  Bull ,, No. 4
basis for a limited numerical investigation of the usefulness Pt. 4 , PP 1-9 (19761 7 figs . 4 nets
of the residual f lex ib i l i t y  concept in truncated modal anal-
yses. A f in i te  element model of a supersonic transport air- Key Words: Aircraft . Aerodyna mic response , Wind tunr mei
craft of slender delta configuration us the su bject of st abil i ty tests
and response calculations,

Because flow visualization studies on a small wind tunnei
model of a new Navy fighter design indicated the possibility
of aero dynamic flow separation over the Cockpit canopy ri
the transonic fl ig ht regime and under some maneuvering77-559
conditions , it was decided to instrument an available small

The Long itudit ial Equations of Motion of a Tilt scale model in order to obta in boundary layer f luctuating
Pro p/Rotor A ircraft Including the Effects of Wi ng pressure data in the transoni c and supersonic f l i g ht regimes.
and Prop /Rotor Blade Flexibility These data Could then be used to provide estimates of cock-
H C Curtiss , Jr pit interior noise levels for the full scale aircraft during h i g h

Dept. of Aerospace and Mech . Sciences , Princeton spee d fl ight.

Univ . ,  NJ., Rept. No, NASA-C R-137855 , TR- 1273 ,
63 pp (Apr 19761

77-562N76 28226
New Structural Teasing Methods Based ot i Non .

Key Words. Aircraft , Equations of motion , Dynam ic analysis A pp ropriated Excitation
G . Piaz z o l i

The equations of motion for the longitudinal dynamics of Office National d’Etudes u-t de Rec imerches Aerospa .
a tilting prop /rotor aircraft are developed. The results of tiales , Paris , France , In. AGARD Structural lde’ntifi-
body freedom can be added to the equations of motion for cat ion on the Ground and in Flig ht Including Cono
the f lexible wing propeller combination.

ninand and Stabi l i ty Aug m entation Sysl i’ ’  Inte r
action June 1976, pp 1-6 (N76-29656 (
( In French)
N] 6-29657
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f’sey PJ,j u i ls Ai rc ra f t , Spacecraft. Wi n5 sso r .’ s , Test i ng VV H Mayes , H F  - is ii dl , IJ .G. S m i i ; m tmr ’ n n s , B.G . Holli-
techniques , Computer programs I m y ,  A , Dc-L i ms ID , F i n l i my, H, N - ( l i S uum es , R B .

F i’s’~us amid .1 Gd Ls nih
After  recalling the classical methods for deterr ,iiniuuy the
s m l i u . , so ry  eh ,iujs ’ n e u m s l i c s  of an aircra ft  or rocket s tructur e im ~ ~~~~~~ L~i r m ’ i l, - s 0 , i m  ~h C i -n u t ’ : n  - La n g ’ . St~ t i u n m .

a test wi th ap propriated i :vu.m n .i n ,, i u m , the paper presents two R€m pt. N m NAS A I l.~ / ‘ L u - I  / kept 3, 43 ~
nu’w m ethods that do not deliver appu ’opriat ion . I Am J u l 1 / / - / i ,

N7(’ ‘ SJli ,)3

BRIDGES Key  Words Buildings , Vibrat ion response , A i rcra ft  noise

A series of studies are reported so assess the noise induced

— 
building v ibrations associated wi th Concorde operations. The
ieve ls of induced vibration and associated indoor/outdoor

E arth- r. akt ’ -l i id u. ed l)y u ial i u it - It u ’ ~~u uu ui ’ ,.- iii Brid ~ u’s noise levels result ing from aircraft  and nonaircraf s events in

and Ru ’ ‘~u’ ~Iu’asti ru’ n uu -n ts selected ho mes , histor ic and other bui l di rs gs near Du ll es

A B ii u . s -ru  International Airport were recorded.

m u m ’ .; n I a t m u m i  Rese, u mm h I/ me r i t . / - .‘ asl im ni m( ton , D.C .
hu i l  No . TA B/ I RR-579 , ISBN U JO/I 1J24/J .J 5 , 108

119/hi
PB ./‘ mO 523/2GA Concorde Noise-induced Buildiiig % ibratio ns , Sul l y

Plantat ion . Report No , 
~~. Chantilly . \ irg inia

Ki’ y Words: Bridges , Seismic response , Earth quakes NASA . L I r e/ I  ‘, (S m-- ,, -  u r ’  I C i ’ r ’m ’ , u - s  , Lero y Stat ion ,
VA - R ’ ~- t ‘~~ NASA ‘ .‘ X 73926 , Ru- ;

The papers in this proceedings deal with a description of she 4lJ pp IJunr,- 19761
strong-motion instrumentation program for state highway N 7dm fOlIO
bridges: a description of retrof i t  measures to improve the
se ismic performance of ex is t ing  highway bridges and a dis-
cussion of a uu urnerica i se ismic method of anal yzing their Key Words Buildin gs , Vibration su-s iuusrisi ... Aircraf t  noise
ef fecs uveness; a discussion of research on a modef relating to
the seismic resistance of large multispan cu rved overcrossin gs , Noise-induced building vibrat ion s associated s-s i t u  Concorde
a descript ion of new seismic desi gn cri ter ia for bridges that operat ions were studied. The approach is to recor d the levels
consider both fault proximity and local soil conditions; a o f induced vibrat ions and associated indoor/outd oor noise
description of applications of bridge measurement data ~~ 

levels in -elected homes . h istor ic an d other buildin gs near
fatigue design including impact , girder load distribution , Dulies International Airport.
fat i gue life stress cycles . predicted and measured stresses , and
the potential tor wei ghing trucks in motion on bridges: a
description of field tessinq of she Aguasabon River bridge in
Ontario , a discussion of an anal yt ical method for determining HELICOPTERS
the response of horizontall y curv ed bridges to loads : a pre- (Al so see h~ 4801
senta nion of a seven-step proce dure for using stress history
n asa to predict stress in bridge girders: and a presentation of
a rational approach for determining remaining fatigue life of 77~’ (’~)~a bridge Evaluation of the Environmental Impact and Ret ’ -

omn iended Control Measures to Reduce the Nrs ivi ’
(;enerated fro iti Militar y h elicopter Operations at t he

BU ILDING McGuire \ eterans Administration Hosp ital, Rit’ h-
nuond , \ irg inia
M W 1 , t . , - ~’ , r

77-~~(it A r r ’ 5  Erui n’ , r m m ’ S flt,i Hy e mi ’ r i ’ ’  Agency, At
.i nuu ’ui rt ls’ \oi se ’ Ind in ’u’d lt ti iltl itig V ibrat ions, Mo nt- Proving Cnn, m r i - Ml .1 Rept N. . (SA l ‘I A 01 fl 1k

~r u i i i s ’ r % Counl~ , ~lary land 75 , 41 pp (Oct 10 1.1
AD-B004 4(/5 ‘ o / - A
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F. — ~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~
Key Words. Helicopter noise , Noise tolerance The form of a new procedure for evaluating henicopter

vibration is described . Guidance to ai rcraf t  designers is
An evaluation was made to determine the extent to whic h offered for three categories of vibrat ion exposure : whole-
noise from helicopter operations at the McGuire Veterans body vibration of aircrew , the legi bility of vibrat ing instru-
Administration Hospital helipad could affect nearby residen- ments , and local vi bration of aircrew heads , hands , and feet
ti al areas and the hospital activit ies. No adverse impact was The derivation of the evaluation procedure is presented arid
found and l i t t l e  or no annoyance is anticipated. Reco in- areas where more research is required are defined, Examples
mendatuons were made to further minimize the chance of of how the procedure may be used to evaluate helicopter
annoyance, v ibrat ion are given and the vibrat ion conditions reported in

some hel icopters are compared w ith the recommended vibra-
t ion limits.

77-567
~s ii l,itrodu ctiori to Helicopter \ ir Resonance
A R.S. Br: i rnmwe ll

- . . (Also see Nu 569(
n o y  Un i iv ,, L r u l , m m r  England , Hm ’ l m t . No ARC R/M-
3777 , A L/ C .1.1880 , / 1 /  ( 1975)
N/b  ~/ O22 6

77-571)
Key Words. Rel iccpters , Resonance Duration of Who le.Bod y Vibration Exposu re : Its

- Effect on ComfortThe phenomenon known as air resonance , pecu iu ar to he li-
copters w ith hingeless rotors , is analyzed and presented. 10 .1 Grif inn and E.M. V’Vh i t lm dr  -

Inst. of Sound and Vibrat ion Res., Univ . of South-
en’ ’pto n , Southampton S09 5NH , England , J, Sound

— - Vib., 48 (3 ), pp 333-339 (Oct 8, 1976) 3 figs , t S
7i-j 68
Vibrat ion Measurer iients on the Rotor Sh aft of the

- Key Words: Vibration excitation , Hu man responseI H-I’d Helico pter
H I . Goldriran The experiment described in this paper was conducted to
Frgnkford Arsenal , Philadelphia , PA ., Rept. No. determine whether the relative discomfort produced by
FA-TR 76009 , 18 pp (Feb 19761 4 Hz and 16 Hz sinusoidal whole-body vertical vibration was

AD A028 924 /9GA dependent on the duration of the vibration exposure ,

Key Words: Helicopters , Vibrati ou measurement

ISOLATION
This report describes a program of in-fl ight vibrat ion mea- lA iso see Nos . 529 , 530 . 5521
sure ment u carried out on a platform mounted atop the rotor
mast on the OH-t M helicopter. Results of a real time anal ys is
o f the data are presented.

77-37 1

Opti muns Linear Preview Control with A pp lication
77-569 to Vehicle Sus pension ‘- Revisited
The Evaluation of Hwnan Exposure to Helicopter M . Torn (zuk a
Vibrat io n Dept, of Mech , Engrg,, Univ . of California , Bi’ni m ’ O y ,
M I G r i f f i n  CA.. J . Dyn , Syst. ,  N_ lm .’as and Control . Trans. A SS1F ,
Inst. -0 S m u n u d  and Vibra t ion Res., Southampton 98 (3), pp 309-315 (Sec t 1976( 4 fu Is - 12 r .’ f y

Univ - 5 1 , m the r’; ton , Eng land , IA’pl No, ISVR-TR-  Paper No, 76-Au t- PP
]8, 46 pp ISept 1975)
N713-30816 Key Words: Suspension systems (vehicles) , Optimum con n r oi

theory

Key Words: Helicopter vibration ef fects,  H u m a n  response
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Preview co n t ro l  of vehi cle suspension .us proposed b5 Bender Thu s l,apeu presents an evaluati on i~l the ef l i res i aeu i i .-ss of
is studied from the vie w point of di screte optimal control. uso l a lors in reducin g s tru c t usel. uo r ne noise transmit ted from a
Improve ments of the su spension sy stem similar to those piece of equipment , through the isolators . to sli m, foundation ,
observed by Bender Ireduction of acceleration and suspen- The results a te  based on l heo r et u i . ,ui rruodei of equipment ,
s ion cl ear ,snce space l are rediscovered , The s lr ucture of the isolator , and foun dation represented as internally dam ped
o r ev uew co ntroller derive d in this paper is clear , and is suited rods. This model is used to represent equipment and founda-
for practical use, t ion Structural resonances as well as s taurdung w ave ef fects in

the iso l ator, A computer program is presented that obtains
the results in grap hical for m . Conclusions ate  drawn , ba sed
.,n the graphi cal results , as to which quantit ies should be

77-5 72 measured ins order to evaluate the effectivenes s of solators
(:ii ii i poi it ’ i it ‘I’est it ig of I.iqu id Shock Iso lators aisd and also in regard so the effect s of isolator parameters in

Elasl oi iie rs in Support of Recent Sh ock Isolation re ducing structureborne noise , The applicabil ity o f the
analy sis so elastomeric and metall ic type isolators is also5% stein l)u’ nigiis discu ssed.

J P. Ashley
Boeing Aorospllcu ’ Co., Seattle . WA ,, U.S. Naval As- s
Lab., Shock V i m  Bull,, No, 4dm , Pt. 4 , pp 2 0 / ,  2/ l u  ——11976 1 39 figs , 8 r m d~ ~ ~-574

Pol yu re thane F’oam Iso lator s for Shock Isolated
Key Words: Shock isolation , Foams , Elastomers , Cables , q p  Floors

W .C Gustafsonl iquids
Boeing Ac’rospam:e Co., Seattle , WA., U.S. Naval

Conisderable component testing has been completed to Res. Lab., Shim : Vib , Boll., No, 46 , Pt 4 , PP 189-
su pport the design o f new shock isolation systems. Early 204 (1976) 15 fig s , 6 ru- Is
concept development transmissibi l i ty testing provided
respo nse characteristics for the most suitable candidate shock
isolation systems. Tested elements included elastomeric Key Words: Shock isolation , Polyur ethane resins , Foams ,
foam , rubbe r pa ds, cables , liquid isolators and candidate Floors . Nuclear explosions effe cts , Equip m ent response
floor str uctures. From these test results , optimum charac-
terist ics for shock isolation system s were established and This article presents the results of a large anal ytical and
subsequently applied toward upeci f ic design requirements and experime ntal program that was undertaken in the design
we apon system design specification s. Within required design and verification of a polyu rethane foam isolator set for
constraints , prototype hardware was fabricated and sub- shock-iso lated equipment flo ors. The operating environment
seq uently sub iected to development testing so provide design which controlled the system design was ground motion
and analysis data in support of the system shock isolation in duced by nuclear weapon s; the maior desi g n constraints
designs. Computer analysis model s were developed to ca icu- wer e the available space in an existing faci l i ty  for dynamic
lat e selected resp onses associated w ith these new shock floor excursion , a nd the level of shock attenaut ion that had
isolation systems, This paper is devoted to describing the to be achieved to ensure equipmen t survival ,
component dyna mic developmen t test and analysis ef for ts
and resulting conclusionu which ultimately led to the detail
shoc k isolation system desi gns which are currentl y being
deployed. ——i - 57 3

Analys is and Testin g of Full Scale Shock Isolated
Equi pment Floors

77-573 W .R . Milne
Evaluation of Isolation Mounts in Reducing Struc. Boeing Aerospace Co., Seattle , LisA. . U.S. Naval Res ,
turebortie \m,i~ ’ Lab,, Shock Vib . Bull ,, No, 46 , Pt. 4 , pp 237- 252
I F Di:nhy 11976) 19 figs , 6 re fs
Barry Dtv., Barry Wrii j lit Corp., s 5 Iutten town , MA .. U.S.
Na,’ql Res . Lab., Shock V mb , Bull ,, No, 46 , Pt. 4 , Key Words: Shock isolati on , F loors , Nuc lea r exp losion
I Ii 163187 (19761 43 figs , 7 refs ef fects , Equ ipment response

Key Words: Equipmen t mounts , lso l asors , Noise reduction ,
Interaction, structure- foundation, Mathematical models ,
Computer programs
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Increased nuclear threats hav e resulted in the need to design The National Machine Tool Builders Association (NMTBA )
an improved equipment floor to ensure survival of electronic has published the second edition of NMTBA Noise Measu re-
equ ipment crit ical so a silo-based ICBM system , The design ment Techni ques, The second edition is an improvement over
proble m had two constaints: so f i t  the new equipment floor she first edition lissued in 1970) and now describes pro-
into the exist ing faci l i ty,  and to l imit the floor response loads cedures for measurement of machine too l noise where it is
arid environment to current equipment capabilities, The non-steady. The discussion given in the article is the educa-
design criteria associated with she increased facility motion tional Appendix 8 of the document , which explains the
represented a composite shock requirement including mo- difference between three decibel and five decibel “equiva-
lions induced by the airbiast and ground-transmitted effects lens ” sound level, Is also proposes a designation for the five
induced by crasering. A simplified analytical model for an decibel trade-off equivalent level so avoid confusion with the
equipment floor with idealized vertical and horizontal iso - three decibe l trade-off since a lack of clarity on which
lasors was established to support selection of a candidate “equivalent ” is used can cause difficulty in evaluating noise
concept that would accommodate both air-induced and exposure of employees .
cratering response conditions. Component analyses of the
liquid isolator and the horizontal foam restraints were
developed separately and systematically improved by a series
of component tess programs. PACKAGE

77.57877.576
The Use of General Purpose Cotnputer Program s to The Develop isient of a General ized Impact Response

Derive Equations of Motion for Optim al Isolation Model for a Bul k Cushioning Material
D. McDaniel and A M . WyskidaStudies
Advanced Systems Concept Office , Res - Dcv , , Enmpg,

W .D . Pilkey, Y .H, Chen and A.J , K a l i n o w s k i
and Missile Systen s ns Lab ,, U.S. Army Missile Coin-Dept. of Engrg, Sc ience and Systenrn s , Un iv. of Vir-
mand , Redstone Arsenal , AL 35809 . U.S. Naval Res ,ginia , Charlottesvil le , VA 22901 , U.S. Naval Res ,
Lab,. Shock Vib , Bull., No. 46 , Pt. 2 , pp 131-142Lab,, Shock Vib. Bull., No . 46 , Pt. 4 , pp 269-276

(19 76) 5 figs , 5 refs (1976 ) 5 figs , 11 refs

Key Words: Packaging material , Test models
Key Words ; Computer programs . Equations of motion ,
Opt imization , Isolation

This paper presents arm automated approach so the design of
bulk cushioning systems. The developed procedure can beTechniques are developed which permit general purpose utilized in package and shipping container design , and otherstructural analysis computer programs to be used to generate -

the equations of motion necessary for limiting performance impact absorption applications. A model of impact response
is developed and its validity demonstrat ed through statisticalstudies, The limiting performance characteristics of a system

are useful in analyzing the optimal behavior of a dynamic testing. The model is then used as the oblective program for a

system . In particular , the limiting performance character- sequential search procedure that searches out the best cush-
ion design.istics are the essential ingredients in an efficient optimal

design method for isolation systems.

77.379
METAL WORKING AND FORMING Particulate Silicone Rubber: An Effective , Removable

Encaps ulant for Electronic Packag ing
A R .  Palr ;mis a no and D.W . Neily

77 577 Harry Diamond Laboratories , Ade lphi , MD.. U.S.

Machine Tool ~mo ise Measurements Naval Res Lab, , Shock is / mb, Bull ., No, 46 . Pt. 4 ,

P . 8. Ustnrgaard pp 277 - 284 119761 6 f i gs

S/V Sound Vub., 10 (10 ) . pp 22-24 (Oct 19761 2 figs 
Key Words Packaging, Electronic equipment , Elastomers ,

Key Words: Machine tools , Machinery noise . Noise measure- Silicone resins

ment , Measurement techniques
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A m ethod of encapsulating electronic circuit board assemn- speed range between 15 so 60 m/s and for a few representa-
blies that enables rapid application and removal of the en- live points of the pressure-head volume-flow characteristic ,
capsulant was developed arid evaluated. Low-density , inex-
pensive , foamed silicone rubber particles that are environ-
mentally and electrically stable were used in lieu of conven-
tional hard “potting.” The silicone rubber particles can be 77~582
easily applied by pouri ng and packing into electronic package Evaluation of Proposed ASME Perfor m ance Test
voids , they are likewise easily removed from the package Code 36 for Sound Power Level Determination of
land reusable) , should circuit maintenance or rework be
necessa ry. Vibr ation tests of typical missile-borne app lica- Large Steam Turbine.Generatore

S E. Grabkowski , J , Mac Donald and T .E. Van Sc haicktions indicate that , at resonance , electronic Circuit board
assemblies protected by this method experienced less than t o General Electric Corporate Res, and Dev., Schianec-
percent of the acceleration measured before encapsulation. t ady, NY ., J. Eng r Power , Trans. ASME , 98 141.

pp 493-500 ( Oct 19761 11 figs , 6 refs
Paper No. 75-WA/PTC-2

77.580
Advances in Shi pp ing Damim age Prevention Key Words: Steam turbines , Sound level meters , Standards

and codesH . Caruso and W . Silver , II
Produce Quali f icat ion Lab. - Westing house Electric The “two-surface” correction techni que , as it is outlined in
Corp., Baltinnore , MD ., U.S . Naval Ret, Lab., Shock ASME Performance Test Code No. 36. is utilized in the
Vib. Bull - No 46 , Pt. 4 , pp 41-48 (19761 7 fi gs det ermination of large steam turbine -generator sound power

level )PWL I. Test data obtained from using this method and
other PWL calculation methods are presented.i’.ey Words: Transportation effects . Packaging

For several years , Westinghouse Electric Corporation has
been studying the transportation of loose cargo in tractor- 

77 583trailers to determine how products are damaged in shipment
A Nonlinear Dynamic Model of a Onee.Tls roughand how they can be better designed so resist this damage.

During the road test phase of these studies, the following Subcritical Steam Generator
factors were inve stigated : suspension system types , degree A . Ray and HF.  Bowman
of load , rear wheel position , road types , and different drivers, St one & Webster Engineering Corp., Boston , MA .,

J . Dyn . Sy st . ,  Meas. and Control , Trans. ASME ,
98 (31, Pp 332-339 (Sept 1976) 9 figs , 10 ref s

PUMPS, TURBINES , FANS, Paper No, 76-Aut-M
COMPRESSORS

IA lso see No. 5221 Key Words: Steam turbines , Mathematical models , Transient
resp o nse

A dynanuic thermal-h ydraulic model of a once-through77-381 subcritical steam generator is presen’ed which allows the
-t n Exper imental Investi gat ion on 1\oise Production inv estigation of power plant sys - em tran sients.
and \oise Propagatio n in Centrifu gal Fans
M Bartenwerfer , A.  Agnon and T . Gikadi
Inst. fuer T srbulenzforschung, Deutsche Forschungs- RAILund Versuchsans talt fuer Luft- und Raurnfahrt ,
Berlin , West Ger m any, Rept No, DLR-F B-76-14 ,
57 pp (Feb 10 . 1976 1

77.584(In Gern’rra nrl
Automated Wheel.on ’th e.Cro und I)etection by Dc-N76 30925
ra ilment Impact Scnsi ng.Ana lys is and Full Scale Test
ResultsKey Words: Fans , Noise generation , Noise propagation W .W. Wassmann and J .H. Arnm sttong

The harmonic part of the noise of a model fan as well as the Naval Surface Weapons Center , White Oak , Silver
random component were measured as three differen t b ce- Spring, MD.. U.S. Naval Res. Lab., Sho i Vib. Bull . -
t i o ns lin iet duct . outlet duct , and at the cutof f )  f or a tip No , 46 , Pt 2 , pp 121 130 ( 1976 1 1] f i ps , 1 ref
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Key Words: Diagnostic techniques , Railroad cars , Seismic 77.587
detection A Fluid-Structure Finite Elemet it Method for time

This paper describes the establishment of design criteria for 
Analysis o f React or Safety Problems

a seismic local derailment detector based on the measured T B .  B ely ts cl mko and J. N1 I - ‘ ms nedy
environment. Acceleration measurements were also made Dept of Mat -n ials Eng n mj ,,  Un iv . of I l l inois at Chicago .
during normal , ov er-the -road operations on both the empty Cl’micai ~o , IL 60680 . NucI . Engr. Des, , 38 Ill , pp 71-
and loaded cars , as well  as during loading, unloading and 81 (July 1976) 8 figs , 14 i L - f S
coupling operations. All acceleration measurements were
made on the unsprung mass portion of she trucks.

Key Words: Nuclear reactor containment , Computer pro-
grams , Finite element technique

REACTORS A method is presented for the safety analysis of reactor con-
t ainment structures by means of f in i te elements. The f in i te
elem ent equations of both fluid and structural elements for
ar bitrarily large , non- linear response are developed and the

77.585 way in which they are combined is i ndicated. Both expl ici t
Sei~ s iic and Operat ional Vibration Prob Ieiiim ~ in and implicit integration of the equations in time is co nsid-

Nuclear Power Plants ered. Three examples of the application of these methods to

C B . Snuit h the analyses of reac so r safety problems are described ,

Prunc up,il , Applied Nucleonucs Co - h,J mn t uj M nica ,
CA 90024 , Shoc. V ib Dig , B I l l) , i i  3- 11 (Ni,i~
1976) 2 figs , 27 rots 7 7 .588

l,MI”BR Subasseenbly Response to Simulated Local
Key Words: Seismic response , ‘.. ‘c lear power plants , Equip- Preas mure Loa ding s
ment resp o nse , Vibration response

T I. M.ir’; iniak , A.H. Marmcl i’ .’ n tos and D,J. Cagliostro
This paper presents a brief overview of the following topics H,- ,i:.. t i i~ An nalysis and Se I ’ty Div . . Argonne National
current methods for seismic analysis and design , review of Lab. . A rgonne , IL 60439 , NucI . Engr . Des, , 38 1 1) ,
structural and equipment vibration mess data , perspecti ” e on pp 1 14 (July 19761 21 figs , 10 refs
operational vibration problems , promising new developments ,
and future research areas,

Key Words. Nuclear reactor components , Ducts . Dynamic
respo n se , Finite element technique , Nuclear reactor contain-
ment

77.586
The structural response of liquid metal fast breeder reactorDynamic Loading of Containment During Blow down: ILMFB R) su bassem ts l ies to local accidental events is of

Review of Experimental Data from Marviken and interest in assessing time safety of such systems, Problems to
Brunsbut te l be resolved include failure propagation modes from pin to
J. Kadlec and R.A . Muller pin and from subassembl y to subassembly. Factors cons id-
Institut fuer Reaktorentwicklung, Kernforschung - ered include the geomet ry of the structure , uncertainty of

szent rusm- m Karlsruhe , D-7500 Karlsruhe , Germany, 
the pressure - energy source , uncertainty of materials pro-
perties under reactor operating conditions , an d she d i f f i cu i t y

Nuci - Engr . Des , 38 (1), pp 143-158 (July 1976) in performing in-pile or out-of-pile experiments which wouid
11 figs , 3 refs simulate the above conditions, The main effort in evaluatin g

she su bassembl y response has been centered around the
Key Words: Nuclear reactor containment , Dynamic resp onse development of appropriate analyses based on the finite

element tech nique. Ana lysis has been extended to include
This paper deals with the problem of the dynamic loadi ng of not only the subassembly duct structure i tself , bus also the

the pressure suppression type containment due to pressure fluid environment , both within subassemb lies and between
fluctuations which are induced during blowdow n as a result them. These models and codes have been devised to cover a

of steam condensation in the suppression pool . It review s the wide range of accident loading conditions , and  can treat
experimental data on pressure fluctuations and on the cor- varioux materials an their proper ties become known. The
responding dynamic respo nse of the structures submerged effort described here it centered mainly around an experi-

in the water charge, Two series of containment response mental effort aimed at verifying, mo dif yi ng or extending the

experiments were performed on real pressure suppre ssion models used in treating subassembly damage propagation .

systems,
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77.589 Liquid metal-cooled fast breeder reactors )LMFBR sI so far

hav e been analy z ed for the consequences on the plant andOn the l)~ nazis ie Response of EIIR.ll l)ut ’ts to 
the environment for hypothetical core disruptive accidentsPressure Pulses ) I-4CDAs I, To provide the appropriate an alyt ica l  tools for

P. S. Chopra ant i S. Srin ivas this e f for t , a n a l ysis and codes are currentl y under develop-
Argorini’ N,itui ,imi al L,iii ,, A mgoniie , IL il)4, lh , Nui;l , mens in several countries, They combine the hydrodyna mics
Engr 0,-s., 38 I l ) ,  p 1527 (July 19 lknl lii l is ts , and solid mechanics land more recently the bubble dynam-

8 u .  cs) pheno mena so gage stresses , strai ns , and deformations of
the important components of the system , and the overall
adequac y of the primary and secondary containments , The

Key Words Nuclear reactor components , Ducts . Dynamic e f fo r t  is partitioned into she structurat analysis of she core
response , Dyna n nic sests . Finite element techniq ue , Computer components , and she primary system components beyond
proqrams , Nuclear reactor conta inment she core

Prelimina ry dynamic stress analyses of ducts to Pressure
pulses have been conducted using a one-dimensional f inite
ele ment code. A comoarison of analytical predictions of 77. ‘>~)2maximum permanent duct deflection between f lats and test 

Ex pe ruiit ’iital ‘5 erit i(’at ion of Str uctural Models toresults is presented in this paper 
. -‘t nal%,.’ the Nois li near I)~ namnu ’s o f l.M I” BR Fuel
l’.lem iments

A. Lim bi_

Soml’Structure Irsteractiots for \ut’lm’ar Power Plants s.’i - n ’utrum Kar lsu .uhe , D-7 500 l’C,rlsn u l i l- , Gerr’ ia n i y
J R . Hal) , Jr . and J .F , K i5 S Otl Pt i ;uunuu ’ 1 l  N d ,  Engr . Des ., 38 i i ) ,  pp 29 -41 (Jul ’ 1 19761
D’Appolonia ( E.) Consulting Engineers , Inc ., Brussels , 14 figs , 20 nets

77.390 Institot fu ’r K ’ ~~ r i - n u t \ - ,lL~. lurtg, K erni forschung-

Belgiurt n , In. Roy. Neth . Meteorol. Inst. on Earth-
quake Risk for NucI. Power Plants , Jan 1976 , pp 113 Key Words: Nuclear reactor comp onents . Nuclear fuel
119 (N76-3 1 787( elements , Test models , Dynamic tests , Nuclear reactor
N76-31803 containment

A short description ix given of relevant ph ysicai ef fects , f o rKey Words. Nuclear power plants , Interaction. so m l -s truc- instance the interaction of two di stinct deformation modessure , Mathematical models , Lumped parameter method 
o f the externally-loaded fuel element. The role of the f uei- p in
bundle inside the wrapper is briefl y menti oned. SpecialBasic principles of soil-structure interactions are reviewed , 
discrete models were developed which are ch aracterized byA dvantages and limitations of lumped parameters and f in i te lumped point masses connected by elastop ias t ic beams orelement approaches are discussed. An approach for extend- 
nonlinear springs. A brief discu ssion of an experimental pro-ng she lumped parameter model to include deeply embedded 
gra m is then given designed to veri fy theore tical models andfoundations is presented. The state-of-the-art of fiel d and underlying hypotheses

laboratory measurements of dynamic subsoil proper ties is
briefly discussed.

77 593
Seiwnic Design Spectra for ~mu e Im’ar Pow-er Plant s :77.59 1
Stat e.of ’t lse’ArtStructural Response of Fast Breeder Reactors to

Hypot hetical Core Disruptive Accidents A.P. Michalopou los and D. K . Sinu k K
D’Appolonia (E .( Consulting Engin e - i -us , Inc ., Brussels .S.H. Fisted is

Reactor Analysis and Safety Div ., Argonne National Bis ig u o n , In Roy Neth , Mi- tooru l , Inst. on Earth-
Lab.. Argonne , I I  60439 , Nuc.I, Engr . Des., ~~ ( 1). quake Risk for Nod . Power Plants , Jan 1976 . ii’ 147 -

155 (N76-31787(pp 43 54 (Ju ly 1976) 8 figs , 22 refs
N 76-3 1806

Key Words: Nuclear reactor components , Transient re- Key Words: Nuclear power plants , Seismic design . Modal
s ponse , Nuclear reactor containment , Computer programs anal ysis
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Standard desi g n r,-~puiise spectra are reviewed and illustrated 77-3%
with dat a relevant to hard or rock sites. Nuclear power plant l)es ign Spectra for ~ uc lear Power Plants
design inv o lves des ig n respou nse spectra and modal analysis H A Gu/ ’ lan di ii P C .lt r i i ‘ i n u : j s
of a mathe imua s ical idealization of the actual structure. The
design resp onse spectr a give the maximum response of single Long hi-u Ii , CA., /~SCU J. ‘i, i Div .. 102 P02),
degree of freedom viscously damped osci l lators to ground PP 165-178 lN~1’.’ 19/ l u
acceleration as a function of time. A set of design response
spectra applicable to rock sites is recommended, Key Words: Nuclear power plants , Seismic des igii

A realistic determination of sh e design level of v ibratory
ground motion for nuclear power p lants can be obtained by

~~ 39I direct analysis of response spectra of ex is t ing  accelerograms
Stru cl t t ra l Shock Tests ol Protot ype FiR “ .‘5Iomsju ” recorded under conditions representative of the Safe Shut-
Scale Models dow n Earth quake )SSEI. The acce lerograms recorde d under

A faku’ i. M Matsunnunj . 0. K,i’ .-oej uchi , I. Okobaya conditions representative of the SSE are identified on the
basis o f she geologic and seismoiogic characterist ics of theshi , Y. Ando and S. K :ndo
SSE -Po-x”n and Control Lab - A ~ D Center , Toshiba ,

K ,iwjs~ ki L tu , ~a~~a~u P u , Japani , Nod , Eniq r .  Des ,,
38 ( 1 1 ,  PP 109-129 (July 19761 1 2 tu g s , 3 refs

RECIPROCATING MACHINE
Key Words: Nuclear reactors , Shock tests , Model testing

This paper prese nts some results of experiments which simu- 77.597
late the struct ural dynamic response of a LMFBR primary Effect of ‘5Iat i ifo lcl Design and Firing Order on t h e
coola nt boundary to a hyp othetical core disrupti v e accident Short Terni Spectrum
l HCDAI based on scale models and high explosives.

K . F3 n u uj t ’ t  and D.W . I h cu nn uas

Dci.; . of Eledtronics . Univ . o f Sou ’ u 0 ’ ’  Pton , SOL . H I

an nptu ’,n SO9 KNIt , Englar ,d , J. Sound V ib. . -~~~

77~~95 pp 393-403 (1 ’ ) ’ ;  8 , l9/ ip 13 figs . 7 t u g S
D~ nansic Transient Behaviour of ‘ Iwo . and Three.

Dimens iomial Structures Iiscl uml ims g Plast ic i ty.  Lar ge Key Wo rds: Ma n i f o l d s , Engine noise
1)efor mmma t ion Eff ects amid Fluid Interaction
0. Shantarai- , D.A.J . Owen and 13 G. Zii;nkiewic, Separation by homomorphic filtering of the engine speed

Dept of Civil Engrg., Osmn’ ;ania Univ - Hyderahad , dependent harmonics from the remaining components of a
vehicle ’s acoustic emission involves selection of the optimumIndia , Intl J. Earthqu,ike Engr . Struc . Dynann ., 

-~~ frequency fo r fi lter . Comparisons are made between the
PP 561 -578 (1976 ( engi ne harmonics disp laye d from segments of time series

containing different numbers of crankshaft rotations, Finally
Key Words: Interaction: solid-fluid , Nonlinear response , graphs are i ncluded where meaning ful comparison can be
Finite element technique , Nuclear reactors made between ho mom o rphed spectra of two di f ferent  veh i-

cle s of the same type,

The f in i te element method is employed in the prediction of
the dynamic transient response of two- and three-dimensional
solids exhibiting geometric )large deformations l and material
lelasto - plastic) non -li n Farities , Explicit time marching 77-598
sc hemes are adopted for integration of the dynamic equi l i. Frequencies and Mode’ Shap of ( eo,net ricaI l~
brium equation and a diagonal ‘lumped’ mass matrix is -\ .xi ssm t i,mae ’ t ri c Structures -. A pp lication to a J et
employed with a special procedure applicabl e to parabolic
isopa rame sr uc ef ements. A variety of problems are presented
including a sol id/f luid interaction si t uat ion , an d the method P. Tr orn iu i’ t t i  and M. Lalanne
is shown to be able to solve economically many problems of nst it ut  National des Sciences Appliquees , V nllr ’ in -
dynamic or catastrophic nature which can occur is such struc- hanne , France , U.S. Naval Res. Lab., Shock V P
tures as nuclear reactors , and containment vessels. Bull - No 4t ’~, Ps , 5 , pp 11 7-122 -

, 

19761 3 figs , 14 r’
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Key Words. Jet engines, Axisymmetric bodies, Natural 77.601
freq uencies , Mode shapes , Finite element technique , Fourier The Cornering Cotsip liance Conm- &’pt for Descri pt ion
series o f Vehicle Directional Cont rol Properties

R. ’l . Bundorf and R .L Leffert
The vibrations of axisymmetric structu res are studied using a
Fourier series developme n t and she finite element technique. Gene ra l Motors Corp., SAE Paper No 760713 .
The general dif ferential equation for rotati ng thin or thick 16 pp. 8 figs , 7 refs
structures is presented. Here she Corio iis effect is neglected
and frequencies and mode shapes of the syste m are obtained Key Words ’ Automobiles , Mathematical models , Design
using a simultaneous iteration techniq ue. The method is f i rst techniques
tested on simple exam ples and then applied to a part of a
let e ngi ne. The automobile directio nal control system is not easii y

simplified and she desc ription of its design or enginee ring
prope rties has necessarily been complex. In this pape r , a

ROAD 
concept for combining most vehicle design parameters into

two terms , front and rear cornering compliance, is proposed.
lAiso see Nos. 464 , 473 , 501 , 5711 Analysis and simulation res ults are presented to il lust rate

the co rrespondence betw een the front and rear cor nering
co mpliance parameters and vehicle steady state and trans ient

77-5 99 responses.

A Discret c Mechanical Model of a Tn -Axle Motor
%ehicle
A. Nalec, 77-602
Polish Acade m y of Sciences , Warsaw , Poland , 82 PP The Truck Drive ,Ii,neas a Source of V ibration
(Nov 25 . 197 5) A G .  Joyner
(In Polishl Universal Joint Div .. Dana Corp., SA E Paper No .
N76-28552 760843 , l6pp, 17 fIgs , 1 ref

Key Words: Mosor vehicles , Vibration response , Test models Key Words: Drivesnafts , Trucks , Vibration res ponse

A mechanical model of a motor ve hicle us co nstructed 50 The drive l ine in a truck can be the source of vibrations. Th i s

anal yze vibrations from the point of view of applicabi lity , paper explains and gives correct ive procedures for drive l ine
Problems of automobile stability and controllabil ity are vibrations caused by unbal ance , torsio nal excitation , inertia
analyzed by means of theoretical calcu lations. excitation and secondary couple effect. Is also briefly ex-

plains the influence of the d rive l ine on the system bend ing
resonance of the truck ’s eng ine-transmission package.

77-600
Cornerin g Comp liance A pp lied to Dynamics of
Rolling Vehicles 77.603
F .1 Win sor Measurement and Analy sis of Truck Power Train

Chrysler Corp - SAE Paper No . 760711 , 12 pp Vibration
7 figs , 8 refs R. L. Fox

IR D Mechanalysis , Inc ., Co lumbus , OH , SA E Paper

Key Words. Aut ,u mo bi les , Mathematical models , Design No. 760844 . 24 pp. 18 tugs , 3 rets

t echniques
Key Words: Measurement techni ques , Measuring instruments ,

Simplified mathematical models of the automobile are Trucks , Vibration response
useful for analyzing the design of new vehicles and for
studying the dynamics of driver/vehicle systems. For this Portable instruments and techniques have been dev eloped
study, t he equations are linearized abo ut straight-l ine motion , and are readily available to permit accurate measurement and
and an orthogonal axis system is emp iey ed . Root l ocus analysis of annoying truck d rive l ine vibration. Problems such
techniques are used to predict the effect of roil st eer on as unbalance of s he engine , clutch , coo l i n g  fan or other
transient behavior , Frequencies and decay rates for the rotating components; loose ness; resonance; misalignment;
transfer function polynomials are approximated by simple defective bearings and gears can be readily identified by care-
expressions involving corner ing comp l iances. The results fully comparing the vibration amplitude , frequency and
fac i l i ta t e  physical interpretation ano include the influenc e of phase c I-i aracteri n i lcs unique so each problem.
roll steer on dynamic behavior ,
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77-60-1 ROTORS
Finite %lode Bumid Grap h Representation ot ‘5 chicle -‘ lAis’ i see Nm i . 480)
(;ui dew a~ Interaction Probl ew s
0. ~tarqo) is
Dip; of Mi’~ P Lngrg., Univ nt Ca l i lonni a . I)avn s , CA,
J. Fnj nnk l i n  Inst . , 302 ( 1 ) ,  .‘~i 1-17 (Jul y 19/6 1 9 figs , 77.606
11 mi .m ls I) i- rj s ation of Equ ati o ns of Motio n for Multi-Blade

Rotors EmpIo~ itig Coupled ‘5loiles and including
Key Words: Interaction: vehicie-guideway, Modal anal ys is  h i gh ‘l’w ist Capabi lit y

H. Sopluer
Classical modal analysis techniques for the prediction of 

S ik ,~ r - s~ y Aircraf t , St ra t für d , CT , Rept No NASA-
vehicle-gui deway dynamics are developed and interpreted 

CR 137898 . SEA- 909 1 2 , 295 pp Feb 27 , 19751with bond graph representations. Bond graphs are shown so
allow easy generalization to mult iple span guideways incor- N76 291 52
porat ing vir tual ly any dynamic boundary conditions at the
support locations, In addition , non-iinear vehicle models Key Words: Rotors , Equations of motion , Coupled response
ca n be used with any vehicle displacement-time history
desired, Straightforward formulation procedures are also The derivation is described of she equations of motion for
pr ovided through the bond graph representation. The analysis a mu ltib iade rotor . The anal ys is advances on current capa-
pro cedure is demonstrated for a two-span Bernoulli-Euler bi l i t iex for calculating rotor responses by introducing a high
Guideway with f irst-order dynamic boundary conditions. t wist capabi l i ty and coupled f latwise-edgewise assumed nor-
The results for a vehicle traveling as different speeds are mal modes instead of uncoupled flatw ise and edgewise
shown to co mpare favorably wish current l i terature, assu med normal modes, The tors ion mode is uncoupled as

before, Features inherited from previous work include the
support syste m models , consist ing of complete helicopters in
free f l ight , or groun ded f lex ib le supports , ar bitrary rotor-
induced inflow , a nd arb i t rary  vertical gust model.

77-605 77-607
Influence of T ire Design Panamneters on Tire Force Model Design and Dynamic Ana lv y is of Rotors
ant i Moment Characteristics A Muszynska
D.J. Schuring, G.A. Tapia , and 1 . ( .sakov Polish Academy at Sciences , War su ,v . Poland , 263 pp ‘1Calspan Corp., SAE Paper No, 760732 , 20 Pp. 32 (Sept 11 , 1975)
figs , 4 refs Un Polish)

N 76-27239
Key Words: Tire characteristics , Computer programs

Key Words: Rotors , Dynamic response , Mathematical modelsA comprehensive cornering and braking tire test program
performe d on 380 t ires under uniform and str ickly controlled 

In the very general mathematical model presented , geometr icco nditions resulted in 13 performance characteristics mea- 
an d kinematic as well as physical peculiarities of rotors aresured at 4 so 6 different toads for each tire. Al l  performance
expressed, The model is presented in matrix form . Methodsch aracteristics Imore than 25,000) together with tire design 
o f realizing the synthesis of a rotor and its optimization Iand construction information were organized irs a computer 
considering selected criteria and limited data are also de-program that would quickly extract , correlate , and dusp iay 
scribed. The presented mathematical model of a rotor is veryany data of interest, As examples of the capabilities of the 
u nivers a i and represents the common denominator for thrprogram , the gross e f fec ts  o f wheel diameter , aspect ratio , 
ma jor i ty of models described and analyzed in she l i terature,cord and belt material , and tire construction on linear and 
The motion of symmetric models with nonlinear charac-non-linear tire cornering and braking characteristics are
terust ics and the conditions for displacing the situation ofidentified, 
relative balance are also anal yzed,
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77-608 SPACECRAFT
‘5 ibration Energy ~leth od for Rotor l)ynanmic Opt inmi. lAiso  see Nos, 48t , 482 . 5081
zat io li
H R . Siinntnons
Southwest RcsOd nLh Inst i tute , San Antonio , TX , 77.6 10
Hydrocarbon Processing, .~~~~~ ( 11) .  PP 261 -263 (Nov Exact Modal ..‘5nalys is for Spints issg Flex ible Space.
1976) 5 figs , 11 mi ds craft

D.H.L. Poela€mrt
Key Words: Rotors , Vibration energy methods . Optimization Eurot ui’an Space Res and Tech Center , Noorul.-/ ujk ,

Netherlands , In. ESA Dyn . and Control of Non-
The vibration energy method may be used to op timize the
stiffness and mass distribution for problem s of torsional rigid Space Vehicles 1976 . 8 pp (N76 28297 1
critical speed , unbalance sensit ivi ty and non-synchronous N76-28301
instabilities, Rotor optimization is accomplished by relating
the potential critical speed benefit of a prop osed fix with its Key Words - Spacecraft , Modal analysis
real cost and degree of di f f icul ty.  The computer technique
for generating the baseline critical speeds and energy dis It is shown that with existing theories , it is possible to solve
tribution tables has been adapted to a portable telephone the eigenvaiue problem associated with spinnung f lex ible
co mputer terminal . Thus , this technique is suitable for structure , witho ut any a priori spatial discre s izas ion of the
troubleshooting and correct ing field vibration problems. flexible parts and without introducing any truncated series

of assumed modes to expand the deformation field of the
actual system .

SHIP 77-611
lAlso see No, 6191 Vibration Atsalysis of the BSE Spacecra ft Using

Modal Symm thes is amid the l)ynamic Transfortnatio im
E .J . Kuhar , Jr .

General EIec~ruc Co ., Valley ~~~~~ PA , U.S. Naval77-609 Res, Lab ., Sh~ ,.k V ib. Bull., No , 46 , Pt. 5, pp 231Estimation of Ship Shock Parameters for Consistent 238 (1976) 5 I ~s , 3 m I s
Design and Test Specif ication
G.C. Hart , T .K . Hasselman , and W .N. Jones Key Words: Satellites , Spacecraft , Modal synthesis
J .H. Wi ggins Co., Aedondo Beach , CA 90277 , U.S.
Naval Res. Lab., Shock Vub , Bull ,, No. 46 , Pt. 2 . This paper presents a unique approach t aken for the vibration
pp 155-16] (1976) 13 fi gs , 6 refs analysis of the Japanese Broadcast Satellite Experiment

IBSE). The total spacecraft structure was defined from sub-
structure anal ys es using a st i f fness coupling modal synthesisKey Words: Ships, Shock response spectra approach.

This paper presents the application of a procedure which
analytically represents the shoc k as a time-modulated non-
stationary stochastic process with a time varying mean , 

~7 6 12The parameters which must be quantified for such a repre- 
Free Vibrat ion -‘snalysis of Sp inni ng Flexi ble Space ’sensation are she shock’ s mean value function , time-modu-

lating function , and power spectral density function, These Structures
parameters are defined in the paper. Utilizing actual mea- K .K , Gupta
sured ship shock data the parameters are estimated by Jet Propulsion Lab,, California Inst . of Tech ,, Pasa-
statistical methods of analysis, Results from different digital dena , CA , In- E SA Dyn. and Control of Non-ri giddata processing techniques are presented to show their in-
fluence on the final parameter estimates, The results from Space Vehicles 1976 , 4 pp lN76-28297(
this pars of the analysis enable digitally simulated tes t tune- N 7 6 2 8 298
lions so be generated for use in stock tests,

Key Words: Spacecraft , Natura l frequencies , Mode shapes
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Efficient computation of natural frequencies and associated A method and app rox in iate formula are outlined by wh,u~
,

free vibration modes of spin ning f lexible structures was structural modal data , and in par t icular damping info rma ’
required to accuratel y determine the nature o f interaction tio n , might be um uu nrapolated from the o ii- ’ , ’, ground test

between the f lexible struct ure and the att i tude co ntrol state to the zero -g on-orbit state , Natural  frequencies for the

systens , which is vital in relating control torques to attitude Communications Technology Satellite (CTS I , as ca lcu u ,in ,’iJ
ang les. While structural discret izat ion us ef fected by she using a model confirmed via grou rid test data , are in reason -

f inite eleme nt method , she resulting eigenvalue problem is able agreement with fl ig ht measured values ,
solved by a combined Sturm sequence and inverse i terat ion
procedure that yields a few specified roots and associated
vectors.

77-6 1
i’k iilhicmsis of h”hi ’~ ihIe Spat -i-c ra ft Coimimu and ~s

- Li_-M ire , i.P, Ch n u : ;u, - mi . .I.P. Jun 1. P. I ’,~~
, t n i : p i ,

77.6 13 ,nid C. iii ) - ,:ulet
Parais ietr ic St udies Assoc iate ti with Sp in-Stabi hise d t ) i mp t d ’ E t u u u . li’s et :Ji’ Him _ t a - u  t u na  en Techr ioluiie
Flexible Spacecraft 

Splt lj l i’  Tuulu- usu - , Fi’~i m u : .e , In ESA Dyn . and Con:
R. H Dennett

t r o l  ::I No n- rmj u’ ) Spar ’ Vi -t u ftt ’-s ~9 7H , 10 iti ( N /nm .
El: ’ : tron ics and Space Syst s mnn m s Grc u :up, Bri tns h A m 28297)
craft  C in p . (Operating l Ltd., Br istol , E n g land . In

( I n  I n
ESA Dyn . ,j mid Control of Non-rigid Space Vi.’ h i r l i ms

N76-28326
1976 , lJpp (N76-28297 )
N 7 6-283 13 Key Words: Spacecraft , Ssabi i i ty anal y s is , Mudai damping.

Attitude control systems
Key Words: Spacecraft , Stab i l i ty .  Modal damping

The att i tude control of spacecraft with weakly dampe’
The trend towards incorporating several sets of dep loyable modes was studied. A canonical form of the t rans fer  function
booms on spinning passively controlled spacecr aft )for is found which controls launchers under the effect of pro-
examp le , GEOSI can result in significant confi guration pel iant s los h ing. General results are given for bot h contin-
inertial asymmetry and marginal operational sys tem sta- uo us and digital control. Two types of controllers are con-

bi l i ty,  with the atten dant problems in control , The effects sidered , neglecting or not the knowledge of the natu ral fre-
o f various flexible elements on the condit ions for stabil ity quenc ies of the system . The stabi l i ty ,  the tra de-off between
of the equilibrium configuration are examined, Modal re- go od attitude control and goo d damping of she modes and
spo nse and damping are analyzed for a configuratio n which t he influence of the sampling period are investigated.
can be modeled by a (modified) centerbody plus a symmetric
pa ir of long f lexible radial booms , represented as pendu la.
Response is shown to be signif icantly influenced by t hruster
position and maneuver strategy. The modal damp ing pro- 77-616
vided by an on-board nutation damper , augmented by the Design of a Contro l Loop wit h Flexibility amid lii-
natural damping of the booms , is examined against possib le
system requirements. A discussion is included on s he effects Flight Identificat ion of the Flexible Modes

o f boom st i f fness , and the long-term non-linear effects on A. Beysens
syst em spinrate of att i tude maneuvers , Engins Matra , Ve l uzy, France . In ESA Dyn , and

Control of Non-rigid Space Vehicles 19 7mm 11 ni

(N 76-28297)

—— N] 6-28322i - b I t
(,round -Test l)enived and l”light Values of l)am ping
for a Flexible Spacec raft Key Words: Spacecraft , Att i tu de control systems , So l a r

a r r a y s , Modal damping
F R .  Vigneron
Com mons m it uo ns Research Centre , Ottawa , Ontario , The principles which hav e led to the present design of ctti-
Canada , In ESA Dyn and Control of Non-r igid tude control loops of the geostationary OTS during station

Span- u: Vehicles 1976 . 9 PP ) N]6-28297( keeping maneuvers are introduced , taking into account the

N 76-28327 flexibi l i ty of she solar arrays. The configuration of the loop
is detailed: sensor , corrective network . threshol d, modulator
and thrusters , and the sett ing are discussed to provide ef f i-

Key Words. Spacecraft , Satel l i tes , Modal damping cient damping of the f lex ib le modes. Then , a method for the
in-flight identification of the free-free frequency is presented ,
based on Fourier analysis of the telemetry signal . in spin’
of a low TM frequency. 
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77.6 17 The environmental design criteria for the HARPOON missile

Imsteract ioim Proble umis Between the 1)ynaniics ~~d specified ship shock loads for she three principal missile
axes , Thin paper discusses the development of the device

Comitrol System for Nonrigid Spacec raft used so verif y missile design load requirements. The design
P.W Lii ins verification tess was developed and performed using a larg e
Ca lu f ors t ia Univ . Los Ai u i t eles , CA , In. ESA Dyn . shock  faci l i ty  at the Pacific Missile Test Center.

a n t  Cosmtr ol . Non-rigid Space Ve hicles 1976 ,
/ pp N 76-2 62 9] (
N:’ ti .~8321 77.620

Dete ri m m inat ion of I)ynaimi ic Loads from Missile Model
Key Words Spacecra ft , A t t i tude control syste ms Wind Tunnel 1)ata

P G. Bolds arid 0,1:, Barrett
Specific case s5 udi ~ 5 are employed so i l lustrate the impor- Aim Force Flight Dynamics Lab., Wright-Patters o n
tance of dynamic modeling and dynamic analysis in the de-
veiopment of attitude control systems for modern space- A F B , OH . U.S. Naval Res, Lab., Shock Vib , Boll ,
craft , Examples include spacecraft that exhibited flight No. 46 , Pt. 2, pp 197-207 (1976) 30 figs , 3 refs
anomalies traced to nonrigudity, and osher spacec raft for
which nonrigidity has prese nted problems that were recog- Key Words. Missiles , Wind tunnel tests
nized before launch.

The Air Force Flight Dynamics Laboratory has measured .
recorded , and reduced acoustic and vibration data to de-

77-618 
scribe she dynamic pressure environment on the leeward
surface of a missile model . The data recorded as specified

Experirnemtf.aJ Liquid/Positive Expulsion Bladder pitch angles have been select ed to illustrate their vortex
Dynamics shedding pattern and their effect upon she natural and dy
M. Woh ltmann namic response frequencies of the model so a prototype
Mart in Marietta Aerospai. u- , Orlando , F L  32805, missile.

U.S. Naval Res. Lab., Shu:ck V ib, Bull ., No. 46 ,
Pt. 2 , pp 285-295 (1976) 25 figs , 5 refs

77-62 1
Key Words: Stability, Sloshing, Missiles Evaluation of the Harpoon Missil e Aircraft Launch

An experimental program was conducted at Martin Marietta Ejection Shock F.nv iroms sent
J,A , Zara , J.L. Gubser , A G .  Pme rso l , and Vv . N Jones

Aerospace . Orlando , Florida to investigate fuel slosh effects
on the stability and control of the Advanced St rategic Air Mc Donnell Douglas Astronau t ics Corp., St. Louis ,
Launched Missile )ASALM ) . and to evaluate the performance MO , U.S. Naval Res. Lab., Sf u , .: k V ub ,  Bull., No, 46 ,
of two candidate positive fuel expulsio n bladder devices. Pt 4, op 107-127 (1976) 19 figs
Tank roll tests were performed to determine if twisting of
the bladders inside the tank occurred. Liquid expulsion Key Words: Launching. Shock exci tat ion . Shock response
during maximum s loshing was evaluated , Finally, slosh para- spectra , Missiles
meters for a bladderless tank were obtained,

A series of ground launch elections of a Harpoon missile
we re performed to establish and evaluate the Harpoo n ejec-
tion shock environment , The acceleration respo nse of the

77-6 19 missile was measured as 30 locations during various simula-
Development of Shi p Shock Loads Test for the ted ejections from an MAU-9A and an Aero -7A rack. The
R(; M-8-t. -’5 Missile (Harpoon) data were reduced to acce leration shock s pectra covering a

~ I L Eby frequency range from 100 so 10,000 Hz. The resu lts of she

Pacific Missile Test Center , Point Mugu , CA , U.S. study produced considerable information concerning launch

Naval Res Loh - 3/: a Vib , Bu l l  , No 46 , Pt. 4 ejection shock enviru -” -’ments of general interest.

I. pp 93- 105 11976) 19 figs

Key Words: Missiles , Ships , Shock tests , Test equipment
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77-622 77-6 25
Modern Spacecra ft I)y’na immmes linest igatio ms Dynamic Stability of Satellites svi t l u l,is1u id Propel .
P. Boland la im ts: Re~ alts for Sy uui p li omm is- and A pp l ication to
Louvains Un iv - Bui lgiutni , In ESA Dyn . and Comntmol Otiser Satellite s
of Num n-rigid Sj.u ,s~i: Vs-h id es 1976, 9 Pp (N76-2829]( R. Met,ger
N]6-28309 Space Div ., Messerschnrutt . Boeli ow Blohm C LI I .,

Ottubrunn , West Gernram :y ,  In FSA Dyrn . a nm :u Con-
Key Words. Spacecraft , Mathematical models, Stability trol of Non-rigid Space Vehim ,les 1976 , 7 pi: (N76-

28297)
The modeling of spacecraft as systems of interconnected N76- 28329
deformable bodies providing a general approach so the
problem of space vehicle dynamics simulation is considered.
Derivation procedures for vectorial and matrix equations Key Words: Sate llites , Spacecraft , Liquid propellants , Sta-
are examined, Flexi bility is accommodated by the adoption b ul uty
of modal coordinates. Results have been compared and
provided a valuable cross-check of the methods. A number of theoretical invest igat ions were carried out to

demonstrate the attitude stabi iity of Symphonie in the
geostat ionary transfer orbit ,  Stabil i ty l imits and nutation
time damping constants were obtained. The theoret ica l

77-623 results were confirmed by the performance of both f i i ghs

Dynamics of Tethered Satellites models. The results can be applied to other satel l i te contigur-

P Kulla ations with liquid propeilants.

European Space Research and Technology Center ,
Nou.urdw ijk . Netherlands , In. ESA Dyrm , and Control
of Non-r igid Space Vehicles 1976 , 5 pp (N76-28297 ( 77-626
N]6-2833O Effects of Flexibilit y in an Asymmetric l)ua l.S p iui

Spacecra ft
Key Words. Satellites , Spacecra f t , Dynamic response F .N. Agrawal

Aerosa t SPO Div ., European Space Research and
It hat been proposed to co nnect satel l i tes to :iie orbiting Technology Center . Noordwii k - Netherlands , In
Space lab by tethers. The dynamics of this system are mod- ESA Dyn , and Control of Non-rigid Spac - Vehicl es
eled and solutions obtained, The results confirm that the
concept is in principle feasible. There are , however , some 1976 , 8 ~r (N76-28297)
clear performance ‘ i nst ruct ions from the system dynamics. N76-28307

Key Words: Spacecraft , Stabil i ty

.624 The effects of the flexibility in the momentum wheel of an
final y sun of (.enerah izs-d Forces in the Singular Per- asymmetric dual-spin spacecraft on its at t i tude ssab i i i r y
t’urbat ion Fs1uat louts u t  ~lo( ion of l”l exib le Satellites are discussed. The instability criteria are given expl ic i t l y .
I C Huariq and A i/as Is is found that several instabil i ty regions can ex is t ,  However ,

D o t  J Enqr :m Flech - Wisconsin Univ., Madison , WI for a typical spacecraft the important instabi iut v reg ions

occur when the rotor speed is in she neighborhood of either
In ESA Dyn. and Contrcl of Non-rigid Space Ve- the second natural frequency of the spacecraft or half of the
hides 1976 , 9 Pp 1N7628297( sum of the first and second natural frequencies. As an exam-
N76-28300 pie, natural frequencies and critical speeds are obtained for a

typical spacecraft.

Key Words: Satellites, Spacecraft , Perturbation theory

The formulation and existence of a generalized force in the 
~7-627singularly perturbed formulation of flexible satellites is ‘ , - -

described, The concept of this force sharply reduces the num- Nonlinear l)yna smii cs o f I’ lexible Rod t i m-

ber of degrees of freedom and the equations of motion of B. Fraei lsdeVeubeke
satell ites with a large number of flexible elements. A ssabiiity Lab. de Technuqo”s Aeronaut iques u”t Sp,’o ,gles ,
criterion is proposed for this generalized force. Liege Univ , Bel guim , In E SA Dyn and Conlnol of

Non-rigid Space Vehicles 1976 , 9 ImP )N76-28297(
N76-28299
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K ’ m -W orul s Sp,ir.i’i r u I n 05 u u , u u m i  ii ui ’s l i~i ’ ~,.’ As the power requirei ’nienss for fu t u re  gene rat io n uul corn
munication satel l i tes continue to increase , new designs of

The mean motion ‘I a f iesib le body us usually t~ kniri tO large solar ar rays muss be ir ives t i ç ja ted For this purpiss ,.
s ,mt sl y the Ti s si’r ,i i r i S  ,u iii i n u r i s  of zero i j ut vi ’ moirieuitum Ii i ’s  ible roll-out/fold-out sri a u no r  u-a represent a ecu u n i t s -u

and angular nice i ii  t u u r r u  ussuii ’ u,us i’ ul to a mininlUt’ui iii the esting solution, The linite element idealization uI s~ cli struc-
r u - l i t  s i -  Li mi ’ - , unnua- r :~y liii’ iero urioin’nen sum i, iui iuli 5 iou is tunes and the i,,ii u ii i,i n mlii of t u ~ u .’ I base e ugen modes I:y niurans
lees i ra u nu out the an gular monienuturn condition us linearized I a sp uncia: purpose c i uun ip u n i .’r pni.u~u u . , called DAFSA
in such a way that si t e u u m i . i n u s i m  u lusuu i , uu ,u ’ u r u i ’ n u na sure represent- iDyn an ni c Anal ysis of So iar A r rays l  are dea is with Special
able - -s . uu : n i y by aim expansions in natural elaStiC vibration eu ’us phasis us put on local and global modes , and also on nl,i
modes, Hamilton ’s principle is rise n to derive all equations of representat iuluty nil f lex ib le ef fect  .-.r u modal tru u nic,u rui n :  is
motion , including liii’ mean one , by usisng she concept of u n a v o idable .
quasi-coordinates. G r~ivi sat un mn a i purr i - n un i . u l  and thrust vectors ,
as locally oriented by the l,uuuly motion and deformation ,
are accounted. Dus s ortuorns may be large provided strains
rem ain sma l i . 77-630

F;x 1ss— ruuiemii a l I)eter uu iu iuatu oui of Rocket ~hiitot
SIru(’tsura l Response lii Itmter na l -\ u- ui um ’ It i ’ l’.xs ’ utat mi i iu

77-628 F R . ,ji .- nsi :n: ,n i : l  L R . ‘i’ -- ’
I)\ utalti i u ’e \lo delliim g smi t h l” si t i i i t mla t io iu ‘I’ ec l u uu i ques Hi m :  ‘ u l i ”, In5 ,, Ha . ’ mum , H, inn a . ,1,u ‘ I I , I )  .3,

fo r \uut i .Rigid Spaeet’raiil ~~~~~ H- Lab.. Sho’ Vu l : ,  Bu ll - Ne 4m , P 2 .

C J .H Vc u l l i a i m  a pp 229-243 I 19/ HI 2(3 ( iqs

Bn ut i s h  A i m ,  : , u m~ C ’ , n i m . LU , u ’ r , u t u n e ) i  Lo t  - Bristo l ,
[ nm : i lms nm : l , In F SA [m yni i iuo Control  :1 Non u n u l l Key Words. Solid propeu ians rockets , Acoustic response .

Combustion exci tat ion , Testing techniques
Siu~ i:e Vn’tuiclsmS 11)/la , 18 pç u (N 71, 28297 1
N76-28:103 One experimental task mat included in this Component

Vibrat ion Program to provide data for eva luation of the

Key Wor ds. Spacecraft , Mathematical models anal ytical techniques. The oblective of the rae’ was to
measure the response of a motor to an acoustic ioading that

F Current techniques for modelling the spacecr aft structure wouid simulate an unstable acoustic pressu re o sc i t la tuon ,

and formulating the equations of motion are surveyed. This paper describes the test ing setup and the testing pro-

Topics discussed include distributed param r mar , discrete cedures use d to o btain that motor structural response The

parameter . N-body and finite element modelling, f loating test results are also presented and discussed.

and f ixed spacecraft reference frar. ’.as - use of quaternion
parameters for ats itud,. co-ordinates; quasi co-ordinate
f o r m s  of Lagrange ’s equations; and modal anal ysis us ing
globa l  modes , cani t i iever modes and assumed models. A num- 77-631
ben of examoles are presented. I)ese lopnient of Cismusponesit Rassdoni ‘. ibr’ation

Requiremr ii ’ts ts (,iilim-iiii’u’uIiC Rcs1ioim~t’ Spectra
C V . Stahle . H R .  Ci mn- i l  it t , anu \ .13 . I ’ - - -  I, ’

77-629 C_m u - n m  mdl  E l m: t i lL ‘ Si 3Ci . - i/ us , Vai l ’ s Fo r mue PA

I”inits’ Elenment l)ynaniic \mmakeis  of I.arge l)imsis’ii . U.S. N mva l Rr,’ m ,,  La b. , Sh mwi_ V I m , Bull ., N’ .

sio tmal Fle~ihle Sol ar \r r u~~s: Ni-i i’ssi t~ of Modal Pt, 4 , p i u 5 7 ~76 :197 13/ 10 tim, 12 ‘ i ’ t m ,

1’ runeatit,n for t h e  Simulatiomi of Spaces’raIt (on trol

Manneus rev Key Words: Spacecraft compone-uts , Vibration response

(3 Le G :m il ly anti J G Ferrant u. spectra , Statistical anal ys is

Sic ,uete Na m uonale lnidu .: s t rue l l na  s :’n ::a ima tu ale . Cannes , A method of determining component random vibration
F r i f l e , I tm EISA - i’~~u ’  a nu .  I Contn ’ I of N’ ,: n i l l ic i  requirements fr om measured spacecraft test data is presented

Spau.e ~, i- h id eS 1976 , 12 pp iN: : -  2~’) 2 9 7 i  which enables the final specifications to be placed on a

NJ/i : 28 311(3 statistical basis , Four methods of sampling PSD spectra are
evaluated by comparing the Random Res ponse Spectrum
of the resulting PSD with the RRS of the ensemble at several

Key Wor ds, Spacecraft , Solar arrays . Mashema t ic a i  models , probability values, Measured spectra during spacecraft testing
Computer programs are  ana l yze d using sixth-octave frequencies to def i ne fre-

quency bands or sampling frequencies.
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This paper presents the anaiysi s , desisn and - u i , , - :  mental

I) iiisitII (’s it t ’ II., - Sof t mmuo uu m t e d Spat -d ab hmu stru uui e us t evaluat ion of a viscoel ast uc laminated acoustic enclosure

Pointi usg ss s It-un that will shue id sensitive instruments from th~ high low-
frequency acoustic environment of she Space Shuttle payload

F . U rbui n I , 1. La rrns ber:Iu ‘i - uin ’ii’i H. Hr~ alan mu .ini mi bay.
Dom nis mr S’r’s lu,I m n i  (3 i u i . t .: . l’ l . F nuu ’ I r i c ’ hs ha f em m , VV . Ger-

m uc us . In EISA Dynn . unit Ciii ut r im i of Noo n i~i u : l  (3 p m : :

Vu~hu: s-ms 1°/n . 1Op ~u N / u : . 28297)
77-635N76 213- Cu/ N:
Statist u -al Dt ’ t enmu imm atuo ti ot H anduats % ubrat tori

Key Words: Spacecraft equip umie irt response . Mountings , Requircmuemsts Ion Subasrsemusbl~n ‘feets

Dig ital simu latio n J.M. Medag l ma
General E le :t tn it. Spa n Div., Phila cl i alo tul a , PA , U.S.

The description and analysis of a new kind of a 3-axis con- Naval Des, LuIL,i - Shock Viii, Bull ., ~~ 46 , Pt. 4 ,
troiled gimbal system for very precise pointing and stabili- pp 77~91 119761 12 figs . 5 ruts
zation of Spacelab experiments are presented. A special
feature of this design is she f lexible suspension Isoftmouns l
which reduces the sensit ivity of this gimbal confi guration s~ 

Key Words, Spacecrat s equipment response , Satell i tes ,

disturbances caused by crew motion and Shuttle Orbiter Randorni vibration , Testing techniques . Statist icai analysis

let firing.
A stat ist ical method for determining subassembly random
vibration requirements which is compatible wi sh the re-
quirements applied to individual electronic component

77.(i33 packages has been developed. Quantitative estimates of the

i ’s ~lu - n i - . l- s1uat i o mss and C ontrol of an Orbitimsg damage potential of the subassembl y random vibration
environment and of the component speci fication are con)-

Flexible i’s-k-scope pared at various probability levels to arrive a s a subassembl y
H, Brerm ier input requirement.
Inst. B fuer Mechana ik , Technische Universitaet ,
Mu m lu: h , W , Gi ’ nmm u any ,  In ESA Dyn . and Control af
Non-rig id Space Vehicles 1976 . 10 pp (N76-28297) 77-636
N7 6 - 28304 A ii E~ pi’rutiii-s ital Investigat ion of th e Axial Forces

(; i-ns-ra m.-d b’s the Oblique Vi ate r Ets tr ~ of (.orsi’s
Key Words: Spacecraft equipment response

J .L. b~~l ’ ls ’a in

Hy brid non-r ig id spacecrafts such as an elastic telescope Naa,ii S - m i _ u  - .. .. , it , irm a “ltr , - ~1’i~l m Ill: Oak , Silve r
wi sh internal rigid bodies cannot easily be treated by direct Spruru ; , ‘.1 ‘ (3 ‘u,j s ,il Des Lab,, Shock Vib , Bull
tra nsfer of the methods of elastodynamics. By a genera l i- N :  .3: , : t i N  172 (197111 11 f igs , 4 refs
za sion of Rayleigh’s quotient , however , a use ful approxima-
tion can be made in order to obtain the equations of motion
including the coupling moment between elastic vi brations Key Words Reentry vehicles , Conical shells . Impact shock .

and rigid body motion , Landing, Water

An experimental program is described in which the axial
acceleration was measured during the oblique water entry
of cone-nosed missiles.

77-63-I
Feas ibi hits Stu ds of an Acous tic Enclosu re for Shut-
t ie Pay loads 77-637
M . Fp’rante . C.V. Stable , and F .J. On Sim ulation of \ -Ra ’  Bl o w off  Impulse Loading on
Gu : u rm ral Electric Space Div - Philade lohua , PA . U.S. a Reentry \ chicle 

- 
Aft End ( sing Li ght-Initiated

Naval Res , Lab.. Shod Vib. Bull .. No. 46 , Pt. 2 . High Exp losive
pp 209-226 (1976) 15 figs , 13 refs HA.  Benhanmn

Sandia Laboratories . Alb u querque , NM 87115 .
Key Words: Spacecraft equipment . Acoustic insulation U.S. Naval Pus, Lab., Shod Vib. Bull ., No 46 ,

Pt. 3, pp 183 189 (19761 l of i g s . 9 r c t s

Si.mnsored by ERDA
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Key Woids Reentry vehicles . Nuclear u-c pli,s non ef fects  predictions uieu es- i l  from thin shell models , and finite-element
plate and beam models.

This paper describes an experimental method in which X - r a y
blowoff nipoise elf ec ss are simulated by the detonation uI
a spray deposited coating of explosive init iated by an intense

F flash of lu u j tu s  A specific expenimi’unt is described In which 77-6 II)
the Complex aft  surface of an advanced ulex’ -iopment reentry .‘s Stud’s of t h e  S pace Sh uttle Solid Roc ket Booster
vehicle us simultaneously loaded with a distributed impulse -

Noi.ile Vt ater hm i u pa ’t Ret ’ose’ rs lA adsincluding load step duscontinuu s ue s ,
L.A. R,o-n a ,u r i m l  L) .A. Kros s
Chrysler Con : . St ud u- Di. N~ VI (35 i-ur is . 1 /.. U.S.
Naval Res. Lab,, Sho I Viii , Bull . N:~ 4b , Pt. 3,

77-638 iio 149 162 ( 197 1 :1  ii: H Is , 7 r u - I s
Lisms g itut hinal % ibratiomm Characteristi cs of ’ kite- Space-
Shuttle Suihid Rocket Booster Test Segtii -t mt Key Words Booster rockets , Impact shock , Landing, Water
La C. Bartlett and DL .  Linton
I BM Femji ’ r , i l  Systenns Div ., Hun mt sv i l lu ~, AL 35805, Solid Rocket Boosser ISRBI nozzle water impact environ-

U.S. Naval Res. Lab 3/u I C. Vib. Bull - No, 46 , i-ut. ~ 
ments are predicted by simplified analyt ical techni ques in

pp 93 105 (197 13 1 18 f igs , 5 me f s combination with scale model testing. The analytical ap-
proach , which provides preliminary desi gn data , is based on
an equivalent wedge approximation for the significant

Key Words: Booster rockesx , Finite element technique , desi gn events of maximum positive and negative applied
NA STRAN IComputer programl , Longitudinal response loadings. The experimental program is performed to verify

the anal ysis and to obtain more detailed design data.
This paper deals with the axusymmetric longitudinal vibra-
tion modes of the Space Shuttle Solid Rocket Booster
ISR8I Test Segment. An explanation of the methods used
to conduct this dynamic analysis is given and she f inite
element models used wuth the NASTRAN Computer Pro-
gram are defined. A short sent segment of the SRB was anv i- S T R U C T U R A L
yzed with and without a test f ix ture to evaluate the longi- (Also see Nos 4 71 , 4851
tudinal dynamic characterist ics of the test segment and to
demonstrate the feasibil ity of determining these modes by
testing with a 100,000 force-pound 1444 ,822 newsonl
vibration exciter. 77-6-I l

Dynamic Behias tour of Comp lex Structures , t sing
Part Exper issi emm t , Part Theor y

77-639 J.C. Cromer and M. Lalanne
Vibration Characteristics of 1/8-Scab- Ihitaimile- Ins t utu t  National des Sciences App lmquees , Vi ll u t Jr
Models of the Space- Shuttle Solid Rocket Boosters banne , France , U.S. Naval Res. Lab,, Sho .1 Vu b.

Bull,. No 46 . Pt. 5 . ‘p 177-185 ( 1976) 6 figs . 9 netsS.A . Lea Il l u’ t t r- r I/l B. Steplr i’ns , J. L. Sewall , J.~N,
Ma C a . and J R .  Barrett
NASA , Langley Research Ctr - Hampton , VA . u ~ 

Key Words , Complex structures , Substructure technique

Naval Des Lab ,, Shock Vib , Bull - No 46 , Pt. 5 , The dynamic behaviour of a complex system is obtained
pp 6791 (1976 1 23 figs , 22 refs using a substructure technique. In order to reduce she large

number ot degrees of freedom of practical structures , the

Key Words: Booster rockets . Vibrat ion tests , Natural fre- normal modes of some substru ctrures are used as generalized
quencies , Mode shapes , Cylindrical shells coordinate, Substructures whose properties are determined

by experiments are connected so those modeled by finite
Results of vibration tests and analyses of six 1/8-scale models element techniques. Tests are conducted on simple beams in
of the space shuttle solid rocket booster tanks are reporte d, bending in order to determine the influence of the number
Natural vibration frequencies and mode shapes were obtained of modes and of the experimental data. The method is then
for t hmm se aluminum shell models having internal solid fuel applied so a comp lex practical structure and agreement
configurations corresponding so launch , midburn Imaxumum between experimental and theoretical results is shown to be
dynamic pressure) , and near end-burn Iburn-ousl flight good.
conditions. Test results for longitudinal , torsional , bendi ng,
and shell v ibrat ion frequencies are compared with analytical
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77-642 motions. The present paper is intended to develop a new
v s tutm u i etri e - Strt w ’t u ra l Loading for a ‘l’ rase- l tug formulation of the two-dimensional restoring force model

Oserpre-sssure Pulse of R/C columns acted upon by biax ia l  bending momenuss and
to discuss she dynamic response properties of A / C structures.J .J , ) - atnu ’II , 1) .1 Ness , and G.M. f im t , i u :k ,u

T RC’ Di,’f ennsn ’ m iii Spa: s- i Systems Cm ‘aup, Redi .snuio
B a u m  CA 911278 , U . S. Naval Ret , L,mli - Shun I V I :
Bull , N: , 46 , l’ t 5, pp 147. 151 119 / l l  5 lugs . 2 net s 77-615

i’lie Dy namic Foundation lutera etio ,i of %lu ltistor e-y
Key Words, Nuclear explosion damage . Protective shelters , Frammiene
Finite eleine ins techni ques, Mathematical modeling A .A. Dunmsa m iog l u and RI. Severn

Kara deniz Technica l Univ., T i n  ey , Intl . 3 . Earth-Survivability evaluation of protective structures under nu-
clear attack environments is ofte n aided by finite element qua S i’  Engr. Struc , Dynain ., 4 , pp 589-608 )1976i
analyses. Such analyses have considered two-dimensional
avusymmetr ic models. This paper examines several ump lica-  Key Words: Structural response , Seismic exci tat ion , Compu-
tions of using a zeroth order Fourier expansion of the nuclear ncr programs
loading on an axisymmetric fi nite element structural model,
Sample problem results are presented and discussed. General This paper discusses the extent to which foundation proper-
considera s uons of this locally axisymmetr ic  representation of t ies influence the response of some framed structures to
the nuclear blast loading are also discussed, earth quakes. Three stages can be isolated, the first of which

checks the validity of a theoretical method by means of
model studies. The second stage uses a proven computer
program for a parametric study to obtain a large number of

77-643 results , which give a good indication of the effect of different
Statistical ~h u id el of Somsic Booii u t’n lructural Damage foundation conditions on this type of structure. Some
R.L. Hershey and T.H. Higgins calculations are also made in which the foundation is repre-
Booz-Al len App liu’ rl Research , Inc., Bethesda , MD , sen sed by equivalent springs instead of f in i te elements. In

Rept No FAA-RD-76-87 , 142 pp (July 1976) the th ird stage dynamic response was considered. A shaking
table was built on which the models were subjected to a.AD-A028 512/2GA number of actual earth quake records , which had been su it-
ably scaled and recorded on magnetic tape.

Key Words: Sonic boom, Structural response . Statist ical
analysis

The probabilities of structural damage from sonic booms 77-646
were estimated for various susceptible structural elements I)yna mic Earth quake Analysis of a Bo t t otm i Supp o r.
using a statistical modeling technique. ted Industrial Boiler

N.J. Monroe and N. Data
The Babcock & Wi lcox Co., North Canton , OH 11721,

77-644 U.S. Naval Res. Lab., Shock Vib ,  Bull ,, No, .1 1: o t , 5 ,

Biaxial Effects in Modellin g Earthquake Response esf pp 1-16 (19761 5 figs .
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Dept. of Engrg., Hok kaldo Univ., Sapporo , Hokka i do, In this paper a dynamic earth quake ana lys is  of a large bottom
Japan , Int l .  J . Earth q lumk u ’ Engr Struc , Dynam - -  4 , supported boiler is presented. The assumptions and modeling
pp 523-552 (1976 ) techniques necessary so developing the mathematical ‘rosin- i

are stated and the dynamic response of the structure and the
resultant stresses are tabulated, The results of the dynamic

Key Words. Structural response , Seismic excitat ion , Earth- analysis are compa red to the results of the static earthquake
quakes analysis wh ich is presently required by the various nationally

accepted building codes, Results are presented of a dynamic
Recent studies reveal that RiC structural members subjected analysis of the same boiler using a more detailed mashe-
to biaxial f lex ure due so two-dimensional earth quake esci- mat cal model. The advantages of both models are discussed
ta sion can deform much more than would be predicted by and recommendations are made based on a completion of
conventional one-di mensional response analysis. The biaxial the results presented.
f lexure may there fore have a signif icant effec t on the dynam-
ic collapse process of structures subjected to intense ground
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A p iecewise, linear , two degree of freedom , ski release bind-
ing dynamic system model is presented for an elementary
anal ys is of binding performance. Dynamic performance
crit eria and techniques for quantitative evaluation of ski
release binding properties are discussed.
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