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DIRECTO R NOTES

T he reader wil l note a brief description of a forthcoming SVIC publication on
internat ional shock and vib rat ion technology on the inside back cove r of this issn i
Th is  survey was a si g nifican t und ertaking involving all rrieiiiber s of the SVIC st a f f
I wish to thank Rudy Volin , Gordan Showalter , Barbara S,yinanski , and Carol
Healev t oi the dedication and hard work that made this pub licat on possible .
Thanks are also due to Ron Eshleman for his construct ive suggestions and assis
tance . and to my wife , Sallie , for her volunteer work at home . In the future we
plan to continue to look closely at international inforniation needs with the hope
for providing a catalyst for the proper balance of international competition and
cooper ation

Th e 49th Shock and Vibration Symposium was a i’Ieai success The readers may
note the review in this issue My sincere appreciation is extended to NASA Goddard
Spate F light Center and Dr. Robert S. Cooper , Director • for their excellent cooper -

~It ion as Host Dr Cooper s welcome was most sincere and inspiring My particular
thanks to Brian Keegan of Goddard Space Flight Center for arranging the out
standing local support . Mr Stofan of NASA Headquarters and the three invited
speakers provided an excellent opening session . We look forward to another out
standing symposium in October 1979 with the U.S. Air Force as Host in Colorado
Springs

Beginning with the next issue this column will be headed SVIC NOTES I fee l that
other members of the staff at the Shock and Vibration Information Center should
have an opportunity to pass along their thoughts regarding SVIC operat ions in
particular and the technology in general I , ot  course , will continue to write an
occasional column We will also in:lude significant SVIC news and announcem ents
when appropriate For now , let nit ’ wish each and every reader a Happy and Pros-
perous 1979.

H C P

- 
“ c-

- - - , - ,  /

79 02 08 04 1



,- .— ---, —--.. .. 

~~~~~

—-,— 

~~~

. — — __ 
_____- . 

- - 
__

~~~
.

A NNUA L SERVI CE PAC KAGE OF THE SHOCK

PUBLICATIONS

BULLETINS a collection of technrcaf papers offered at the SHOCK AND VIBRAT ION
SYMPOSIA published once a year. Catalog listing back is&,es available from
S V/ C.

DIGEST a monthly publication of THE SHOCK AND VIBRATION INFORMATION
CENTER containing abstracts of the current literature , continuous literature
review , feature articles, news briefs , technical meeting calendar , meeting
news, and book reviews.

MONOGRAPHS a series of books on shock and vibration technology . Each author surveys the
literature , extract s significant material, standardizes the symbolism and
terminology and provides an authorifative condensed review with biblio-
graphy. Brochure listing available monographs can be obtained from SVIC.

SPECIAL special technology surveys, facility surveys, proceedings of special seminars
PUBLICATIONS and other publications as needed.

‘For information on obtaining the SV/C Service Package including publications and services, contact the SVIC,
Nava/ Research Laboratoty, Code 8404, Wathington, D.C. 20375, (202) 767-3306. These publications and
services may also be obtained on an individual basis.
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AND VIBRATION INFORMATION CENTER

INFORMATION SERVICES

DIRECT the Center handles requests for information via mail , telephone , and direct
INFORMATION contact. The Center technical specialists , who are expe rts in the shock and
SERVICE vibration field , have the SVIC compute r implemented SHOCK AND VIBRA .

TION INFORMATION BASE at their disposal.

WORKSHOPS workshops on shock and vibration technology are organized and sponsored
by the Center. Expe rts on specialized technology give lectures and write
articles for the workshop proceedings.

SYMPOSIA annual shock and vibration symp osia bring together working scientists and
engineers for formal presentations of their papers and for informal informa ~
tion exchanges.
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EDITORS RATTLE SPACE

Till’ RALANCI ’: LWTWl’k~N TIW ORY ANL ) PRACTICE

During .i ri l i i i ur ce on siIc~ tioris su i t’ f the part ‘t in ts urriplained about
the quantity of t hcury ” presented ‘‘ Theory ’’ included both physical descriptions
and rriatheniatical anal ysis of vibrations That iliany ) ra .t ic ing engineers share
this at t I k it’ is nut iii ~vs to iii  Some engineers apparent ly cling to the fallacy
that any vibration Problem can be solved by the “cookbook method” - iria tcliin q
bit prublr’ ir i to a ciii ilar ast ’ history that has boon Published in t lii literature
Altho u gh I f i rmly  believe that a person earns from ~~ histo i ic’s , I know that
litany vi brat ion pi )blt ’ui ,s cannot be s~ lvod by Comparing them to asm histoc mis
or pl i  lug their in Suuili n eat Solution category Vi bration problems typically are
unique it t ’  i t s ’  an almost infinite num ber of possibilities for trouble exist corn-
plicated S t i ti tuires . foundat ions, bearing supports. For these reasons sonic theory
TitL i st he mixed with practice if only to provide the engineer with a better under
standing of what is happening in the ina .hine or structure

Orm the other hand , theory must be tempered with practical knowledge . The use of
theory alone to solve vibra tion problerr is will undoubtedly lead eventually to a

Oiiu iu l t ’ tC disaster Mathematical descriptions of vibrating oblects are at best in
com plete The co rrm plex ity of most real vibration problems defies detailed descrip-
tuon by mathematics~ however , some understanding of the physics can be ob-
tained by the engineer who can think in terms of siniple mathemat ics Mathematical
models that descri be the important aspects (structural or functional fai lure related )
of a vibration problem are tools that should not be overlooked Mathematical
models provide physical understanding as well as quantitative information . Such
information should compliment observations , measurements , and signal analysis.

In m y  opinion, therefor e , no powerful tool should be overlooked or neglected in
att enmpts to solve vibration problems It is likely that a nasty and persiste nt problem
will force the engineer to use all the tools available If he bypasses some tool --

prait ical or theoretical - -  he prolongs his dif f icult ies and possibly never finds a
solution to his problem ,

R .L.E.
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EVALUATION OF STIFFNESS ANt ) DAMPING CO EFFIC IE NTS
FOR FLUID- FILM BE ARIN G S

J , W. Lund

Abstract - Methods for calculating fluid film bearing ficien ts They represent the virtual m ass of the bear-
stiffness and damping coefficients are briefly d.~ ing fi l rmi  (10J but are significant only in exceptional
xribed. Restrictions imposed by such assumptions case s
as linearity are r.’aluat,d. Experimental methods
used to obtain data necessary to determine the By adopting frequency domain representation,
coefficients are presented, equati on i2) can be written in matrix form .

In analysis and design i-alculat ions in rotor dynamics , ~~~ Z r,,,
it is (‘Oii)fltO(t to m odel fluid -film bearings as dynamic R X (4)
systems with linear st i f fne ss and damping properties Zy~ Zyy
Fro m lubrication thc’ory thy bearing reactions are
functions of the journal center coordinates , x and y , The Zs are impedances
and the associated velocities , ~ and ~i

Z~~ K~~ + ~~~~ 
(5)

R~ (x ,y.~~~,S) Ry R~ (x .v.~ .~’.S) I t )
For gas bearings (8) and such bearing types as

The dimensionk’ss Sorimmerfeld numbe~, S. serves pivoted pad bearings (51 or floating ring bearings ,
to define the operating conditions (speed , lubricant the real and imaginary parts of Z become frequency
viscos ity , static load , geometry) At any particular dependent. This implies that the stiffness and damp-
static equilibrium position with coordinates x0 and ing coefficients are functions of frequency .
y0. to which belongs a unique value of S. a first
order expansion of the reaction forces can be em- The damping coefficients are symmetric (Bxy~Byx ).
ployed but the stiffness coefficients are not (K xy $K yx ).

Therefore principal directions do not exist Thus ,
= R~

- R
~0 = K xx Ax+K ~ y~ v+B x~~~ +B xy in an experimental determination of the coefficients ,

(2) it is necessary to obtain two independent sets of am-
t~R~ 

= Ry”R y0 ~~~~~~~~~~~~~~~~~~~~~~ plitude-force measurements. R and X in equation
(4) become 2 by 2 matrices , which are complex .

where

= Rx (x o.y o.O,O;S) By0 = Ry (x 0.y 0.O ,0;S) CALCULATION METHODS
aR~ ôR x

~~~ 
= (

F
H0 Bxx = 

~~~~~~~~~~~~ 
(3) Several methods for calculating the stiffness and

aR aR damping coefficients have appeared in the literature.

‘~xy = (‘j”~~)o 8xy I-~ ’~-)~ In one method some form of an approximate analy-
y y tica l solution of the lubrication equation (Reynold’s

and similarly for the remaining coefficients The equation) is derived; the coefficients are therm ob-
coefficients that are evaluated for a particular static ta m ed by partial differentiation (7 , 9) . The method
equilibrium position become functions of the Som- is cumbersome , and its use has been limited to plain
merfeld num ber. This means that for a given applica - cylindrical bearings, particularly short ones. Alter-
tion , they are funct ions of rotor speed natives are the many available numerical solutions

of Reynold’s equation . The coefficients are obtained
It should be added that equation ( 2) in a more com- by simple numerical differentiation and computed
plete form also contains four accelera tion coef ~ from the change in forces caused by small but finite
•D.p..flm.nt of M,ichin. El.menl’s, Thchnsc.I University of
Denma,*, Lyngby. D.nm.,*
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ri, mein,’ i it ’ ,  it $,, ,~ , ‘ i l Ium , n omti mr , jt ”, ,i iit j ~tl it ’ i strict i ol i ’, on bin’ theory n’ i’o~ ’d by the as-
i i  t - .‘ -2 t~1 It s - it ‘nIt - h >wt -~ ’ - i tu i ’ m ’  S i l i t ij iioii ut Iinttai it5 i ii,’ riot lit ’ ( ‘SS,j i II~ t fit’ niüst

~j t , s f ,i iui’, ii ‘ ‘ - i’ r me , i l  i ‘ r a t  y ,  ‘-spe’ ,,iH’, ot s ill ‘ ‘ m  to’ ,  ones ~ om • ‘ \ i m m l t t . ’ . I t , ’  solution ot k ’ynold ’s
i n  ‘ - r p m  I t~ m j t , o ’ , T h i s  tJ Oii_ uI t y ~l~o m ’~~l’,t s  with ‘i j i c it iur i  is usL , i I lv has.’ii un the assunription of iso-

ttmu ’’ ’  t P r t ~~i in ~~ I, iii.’ - t i t iri,’’,’, ‘ ‘ f t ,  ‘‘ r i t s  a r t ’  I f r ’,,r ial m i r i l it i u n s  w mt~m ,i ~ ir uw mm f i l m  It r i l i e m a t i t m e

.ilculated by . i , f t ’ - ’ ’ r i m , i t i m m g  thu ’ - r i b ,‘t , , i l i i r m c , r r ,  v is o ’ i t - / ) Th i s  t ’ r l t i ’ f , i t , t i m ’  is t i n  d i t f a u l t  to
luens ( T t I ]  I hi~ ‘ ‘ ‘ ‘ th ~~i is ii ’, , ‘st t . l  I’ , ,i ri pmudi- I Ill ,i i’h’ ii i i i , ~~ r mii t hypothesis governing the
,J cisy~~’r!. ’tn i n I. ’)ml t ’(ms . i .  - tb. - l i i i  y le m idni il in ’’ t i , i rusmt m it  f i lm  rupture might nut be adequate
bear ii i umuli’m ni ynamrn ’ r t r i i i i t uns There is also a largely

unknown ‘‘I ii’, t ii, i n  ,iil ‘,,ipply pressure and oil
f lit,- t i 0 t t ,~~i0 rtt5 cdii be , i , t , i i m l t 1 t i t i ’ ’  i lr ,j,,l i , ’ u tS s,,~mpl y t iri l i l i ons in j e ’ I l ’ ra l  Finally, the coeffic ients
using a ‘or t , r i r ,it i r s i lt it iorl  fo r e’qu,ition (13 ) [ 1  - 3, na y  bit ~t m t ’  s’. ’ m r ’ , i t i V ’  I,, ,m ,imui fa~ to r  ing tolerances
8) The st ‘ady sta te - li ar imiq f i l rm  ‘ n ’ sstime t ’ , is q iv t ’m l [1 11 ,jriel ,iliq n i it’ ’rr
a smm ’aH t i, ’ m t r ha t , ’ n  ~~ Thc ’ rusnl t l r i g  pri ’ Ssunt ’  ~)

hi’, i t t -c

Tht ’ s i ll  ,iri ,  i - if  th ’’,e’ ‘ii i i , l i ,mns ti,i’, been itlus

~ 
1~o ’~~ ~‘nm + ‘ ~~~~~~~~~~ 4liç4Y 1W t m, i t i ’d  mm ) nu rmi emn us tests on the performance of

l’ i ’~ m i mr ,j s  uri,l ’r s ta t s  load to r idi t ions , ex anr rp les have
Suhstmt t t in nm, H. ’5’ r t , i l t i ’ s ‘( I l t i t i o m i  mc’sults in t iVt ’ nun itililished (17 15) . As a rule appreciable dif-
i’ ,ii t , , i j d i t t t ’ n . ’ m i t i al ‘‘q t i,ltioiis . mile for i i  h of Ito .’ h u n ,  ~t’, are om nm mi o n between theoretica l predictions
f ive pn+ ’s st im ’ comnmiun,’nts P’  ,,,is, ’ Itim ’ equations and t ’ x t i t ’ m  immi e r mia l results , not only n the shape of
huve a omnni ori oti. ’m ,i t,nm - P r y  ‘ in readi ly hi’ solved the static equilibrium locus but also in the correla-
by ava i ljb It’ nunn+’r it a I mms t n t  it pit ’s The i t ii ’t h i ,  li mits t o n  between Son it km he Id n u umber and journal cc -

in then be ,‘onuip ij te , l by integration if individual .m ’ i r t m c i ty  Thus , tom t wo reasons . the dynam ic
pressu mi’ , imn lp ) r l . t n l t s  i o P t , ’  ‘ irIs dimpemid directly on the static equilibrium

position and thm ’ s t i f f  n ess welt icients are strong ly
related to the shjp ’ of the locus curve - .  there seems
need fo m additiona l imm iprov em ner it s in the lubrication

ASSL M r r I O NS IN lii i: ANALYSIS analys is rdt het than turth i ’r ref in + ,tnr ie nts in the dy
mi en ic tina ly si s

F rom a theoret ical point of view , the t ’x~- ,insion of
the bearing reactions by oti t f icients us valid only
for inf init esimal am plitudes. The forces are actually
highly nonlinear finn, tions of their arg iirn ments - .  DAT.t F’OR THE COEFFICIENTS
especially the 0 or n~l i n  t i m  COOi di notes h ii
because the fu r i e s  always increase with irii ’ reasi rr , i  Few data are available in the at m’ss ilil ’ published
eccentricity, t heir replacement by linear coefficients literature for the dynamnim: t ’ueftintm ’nts for bearing
is equivalent to mm ’ p I ,e - in i j  a hardening-softening spring types used (1-4 , P. 261 Because such data are re
characteristic with a mean nradiirnt This gradient is quired in rotor dynam ics calculations, existing
suff iciently accurate for most cases of interest Fo r denmands are far fror i being met. In addition. the
light- and meditint-load ed bearings ( t t - i’t ’ntr i i ’ ity ratios l,irije rrumnber of bearing types , each having several
up to ‘-‘i ) ,  the lm ne ari,ed coeffic ients apply for am tt+ roi m im tr cal para m eters , makes difficult the task
plitudes as larg e as 50 percent of the clearance , a of covering the range of application . Furthermore ,
range that is less than 10 percent for higher bearing tables of coefficients require interpolation , so that
loads, that is , eccentricity rat ios in excess of 0,7 reasonably close spacing in the data points is neces
[9 , 301 It should be mentioned that , as the ’ lournal sary for accurate results , and much more data,
whirl orbit increases , its center no longer coincides and consequently large tables , are required . Many
with the s t c i c  equilibrium position but moves users therefore prefer to have access to a computer
gr adual l y closer to the bearing center. This move program to generate data tailored to their particular
ment does not affe ct the dynamic amplitude , needs.

6
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MEASUR E MENTS OF THE COEFF ICIENTS bearing floats on a rotating shaft [15 , 17- 20, 24-26 1
In that case equation (13) reduces to equation ( 14) .

Exper mirmenta l determination of the coeffi c ients
necessitates accounting for the impedance of the Z nX m c~

2 MX m+F (14 )
rotor The vector of m easured rotor amplitudes
‘<rim is related to the vector of applied force s F M represents the mass of the bearing housing, and

and the generated bearing support forces S by the c~ is the frequency .
matrix equation

This design has m any advantages, one of which is
X~1 = G ,S+G 2 F (7) the ease by which the static load and the applied

force can be varied . The tests referenced differ
The iimmpedam e nliatrices C 1 and C2 belong to the somewhat in the choice of forcing type , although
tree shaft They can be calculated or sometirnies all employ harmonic forces.
measured , An analogous equation applies at each
bearing such that for bearing number n Test results confirm the general validity of the

theory , but is is not unusual to find discrepancies
X n = H1nS+H2 n F (8) of 50 percent or more in a point-by-point compari-

son. It is difficult , however , to analyie the degree
When the number of amplitude mrmeasorement b ra- to which the results may be affected by measure-
tions equals the number of bearings, the equations ment tolerances and by uncertainties in establishing
have the solution shown below test parameters , The last is especially true when -.

as is usually the case - . the measured static locus does
S = G 1 ’ tX rn - G~ Fl (9) not coincide with the theoretical one,

X 0 = H1 nG i fX m — C2 F)  + 
~
‘
~2 n

F (10) It is also possible to measure the coefficients of
bearings in a rotating machinery application. Such

The vector S is made up of the individual bearing measurements require , as shown by equation (13),
reactions Rn that the shaft impedances be known , The relation-

ship between the applied forces and the measured
B1 amplitudes can be expressed.

s = ( Il l
Rn X m =G 3 F (15)

Hence Rn can be expressed by means of equation After G3, a transfer matrix to be determined from
(9) tests , is obtained , equation (13) can be solved for the

bearing coefficients ,
Rrm Gn (X mn G2 FI (1 2)

Because of the practical difficulties of exciting a
Equations (4), (10), and (12) can be combined to rotating shaft by an external harmonic force, a
yield equation (13). method has been developed to obtain the trans’s’rmt

response from snapping a loaded strap [16) . G3
Zn i n Gi ’ (X m G2 F1 +H2 n F~~’ Gn(X m G2 F3 is then determined by Fourier transform analysis.

Problems arise in determining the time history of
Zn is the 2 by 2 matrix of bearing coefficients; see the force and in eliminating noise and residual syn-
equation (4) The equation can be solved for Zn chronous response, but the results look very prom-
when there are at least two independent sets of ising, Similar problems would be expected to arise
measurements , X m, produced by two independent with another method, in which a random excitation
sets of applied forces F. is used to obtain the transfer matrix from cross-

correlating response and force (331 .
Most test rigs are designed to measure the coefficients
directly and have only a single test bearing. The From a practical point of view , the simplest method

7
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is to usa’ an unbalance fou’e as excitation As seen been reached in which i m provem ents and further
tm ,mu n equation (131. this would require tests with investigations are needed First , a better under
a mmiini mm uunu oh Iwo dissimilar unbalance dist r ibutions; standing of the fundamental behavior of bearings is
see ’ P a di s tm iheition is readily done Thus far , however , required . There seenis l itt le point in refining dynammi s
the m ethod has not been used analysis until better agreement between theory and

measurements has been obtained on the performnance
Measured values ~f spring and damping coefficients of static bearings On the other hand , the existing
have been calculated on the basis of measured un methods and data are sufficiently accurate for most
ba ance response whirl orbi ts 121-231 . but the practical design purposes
cross - coupling coeff ic ients are ignored The results
therefor e represent SiJrrt(t for m ol effective rotor-
bearing c-oetf icien ts and not the true film coefficients , REFERENCES

Damping coefficients have been measured in the 1, Lund, J W, and Thomsen, K . K ., “A Calculation
special case of squeeie-f ilm dampers which are Method and Data for the Dynamic Coefficients
equivalent to bearings with a nonrotating lo urna f of Oil-Lubricated Journal Bearin gs , ” Topics in
(27 . 28) The results , in general agreement with Fluid Film Bearing and Rotor Bearing System
theo re ’ r i ~l prede-m ions a n ’  sensitive to conditions Design and Optimiiation , ASME . Pt~ 1 28 (1978).
of oil supply and filn’i rupture

2. Biremba ut , M Y ., “Raideur et Amortissement
In many tests wi th rotors and machinery measured des Paliers Hydrodynamiques,” M~moires Tech
response has been compared with calculaled response niques du CETIM , No 32. Paris ( Dec 1977),
Boamis m’ the calculations are based on theoretica l
values for the bearing coefficients , they serve as 3. Lund , J W ., “Rotor-Bearing Dynamics Design
an mn dir eo ’ m check on the theory , and agreement is Technoloqy , Part V I I .  The Three Lobe Bearing
usually satisfactory Theoretical whirl amplitudes and and Floating Ring Bearing,” Rept No A FAPL
phase angles comm np are well with experimental values TR-65-4 5 , Pt.. V I I , Wri ght-Patterson AFB .
[29 , 30, 321, at least for engineering purposes Good OH (Feb 1968).
correlation has also been found ( 31 , 32) in the case
of inease iremmients of the dynamic film pressure, 4 Lund, J.W. , “Rotor-Bea ring Dynamics Design
( ,iii-ubated from equation (6) There are indications. Technology , Part Ill: Design Handbook for
however , that the unbalanc e response of a rotor Fluid Film Type Bearings ,” Repi No. AFAPL-
frequently is not very sensitive t o deviations in the TR-65-45, Pt. I I I , Wright-Patterson AFB , OH
vaIues o~ the bearing coefficients (May 1965).

A moor” e m OR al tesn is the determination of the 5 Lund , J W., ‘‘Spring and Danipinq Coefficients
thm r ’shold of instability 16 , 17 , 34) - The onset of for the Tilting Pad Journal Bearing,” Trans
self cx i ted whirl is often ill defined , however , and ASLE . ? . pp 342-352 (1964 )
the pnssiblen infliienr c from extraneous danmpinq may
be di f t im iilt no assess Even so, test s tend to confirm 6 Lundholm , G ,, “The Axial Groove Journal
the validity of the theory within the experimental Bearing Considering Cavitation and Dynamic
iu i lm ’ ra ne ’+’ band Stability, ” Acta Polytech Scand , Mech , Engr .

Ser . No 58 (1971 1 .

CON CLU SIONS 7 Warner , PC,. “Static and Dynamic Properties
of Partial Journal Bearings,” .1. Basic Engr ..

The mnm emhod by wt’iir:h the dynamic characteristics Trans. ASM E .85. pp 247’257 (19631.
of llm i id . l i lrn i bearings c:an be represented by linear,,ed
st iffnr ’s.s and damirping coefficien ts (or inmpedanr-es) 8. Lund , J,W. , “Calcuilat ion of Stiffness and Damp-
has been wvlI established by tests and analysis A ing Properties of Gas Bearings .” J. Liibra’ . Tech
stage in the developm ent of the state of the art has Trans ASMF .90, pp 793-803 (1968).
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9 Holmmies , H - “Non-Linear Perfor rriance of Tur- Einfluss auf das Schwingungsverhabten eines
bine Bearings ,” J. Mech Engr . Scm , 12 (6), einfachen Rotors ,” Dissertation , Technischen
Pt) 377 379 (1970) Hochschule Karls uhe (1966) .

10 Ri’mnhardt , F and Lund, J W , “The Influence 19, Mitchell , J R ., Holmes. A., and Van Ballegooyen,
of Fluid Inertia en the Dynam ic Properties of H.. “Experimental Determination of a Bearing
Journal Bearings,” J. Lubric . Tech , Trans. Oil-Film Stiffness ,” Instn , Mech. Engr. Proc.,
ASM E , 97 , pp 159-167 (Apr 1975). 180, Pt, 3K , pp 90-96 (1965-66),

11 Kirk , R G , “The Influence of Manufacturing 20. Parkins , O W ,, “Static and Dynamic Character-
Toberances on Multi-Lobe Bearing Perfor m ance istics of a Hydrodynamic Journal Bearing,”
in Turborrm am-hinery, ” Topics in Fluid Film Bear- Ph.D. Thesis, Cranfield Institution of Technology
mng and Rotor Bearing System Design and Op- (1976).
timr um ,at ion , ASM E , pp 108-1 29 (1978)

21 . Hagg, AC.  and Sankey, G O., “Some Dynamic
12 Ota , H and Inagaki , M - “Elastic and Damping Properties of Oil-Film Bearings with Reference

Properties of Journal Bearings,” fist , Rep?., to the Unbalance Vibration of Rotors,” J , Appl,
Stationary Prop Oil Film Bearing by Finite Mech., Trans. ASME . 78. pp 302-306 (1956).
Bearing Approx .), Bulb JSME , 17 (108), pp 693- 

-

700 (June 1974) 22. Hagg, A.C. and Sankey . G O., “Elastic and
Damping Properties of Oil-Film Journal Bearings

13. Woo lacott . R G., “Hydrodynamic Journal Bear- for Application to Unbalance Vibration Cal-
ing Performance at High Speed under Steady culations,” J. AppI, Mech,, Trans. ASME , 80,
Load,” Insin Mech Engr. Proc . i~~Q~ 

Pt, 3K . p 141 (1958).
PP 76-89 f 1965-66)

23, Duffin , S and Johnson, B,T , “Some Experi-
14 Mori , H , Yabe, H., and Fujita , Y., “On the mental and Theoretical St udies of Journal

Separation Boundary Condition for Fluid Lu’ Bearings for Large Turbine-Generator Sets,”
brication Theories of Journal Bearings,” Trans , lnst n. Mech . Engr . Proc., 181 , Pt. 3B. pp 89.97
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LITERATURE REVIEW i t

The um onm t hly L i t i m , j t i i i i ’ Rc’vii ’w , ,u slub linc tive Ci i tii .~uk’ and su un im rm ,iny of tt uii l i I m ~i,i

t o r i - , consists of two I four ii ’v i i’w in i i e Ii~~ i ,uc Ii in i orm t le . 3,000 to 4 ,000 words in
le ngth . [lii- pum posi’ of t h is si n lion) is to I ’ m -Si lO ,i - 0 iqi st ‘‘ of l i t em d liii - ovi’n a

mn  IOu of tt in mi yi ’,im s Planned by U i ’  T i - l l ru( ,iI I eL t on , b l u i s section provides (t ie
DIIJ[ ST m c ’ ~iutm ’i w i th t ip - t o  lot ’ insights in to curr e nt techn ology mu route than
150 to l l i  am€’as Review i mti t ( i ’s includ e tue ’hmoe ,iI ir itor mm iat ion from articl es , reports ,
and unpublished ~ u’ i i  i’& ’ uliu iq~ E ach t i n t i r l e ’  also ci imm t , u iuis a mu e i uo im tutorial of th an
technical imi ’ ,u uunder discussioni , a sum viny amid evaluation rut the new l i te rature , and
mm ’coumnmemid ation s, Review ar ticles die writt itri by experts in the shock and vibration
field,

This issue of the DIGEST contains review articles on parameter identification

techniques to n vibrating structures , noise characteristics of axial and centrifugal
fans as uused err industry and finite elemen t modeling of structural vibrations A
brief description of m mia t t memmi at i cal  for m ulations of a vibrating stn iuct ure is presented
by Mn Alex Bcrmmn ar i of Kann iami Aerospace Corporation Basic noise genemaf ing
mechanism ims , tan noise Prediction techn iques, and noise reduction techniques are
discussed by Mn Muqridqe of British Gas Corporation Professor Roddy of the
University of Ok laho me na rinv iews research in the f ini te element modeling of struc-
turab vibrat ions including beanns , plates, and shells
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PARAMET ER JI WN TJ FJ CAT I ON TECH N IQUES FOR VIBRATING STRUCTURES

A. Berman

Abstract - A brief description of mathematical for’ a transfer funct ion These elements are measurable
mulations of a vibrating structure is presented. and represent the response of each point on the
Several categories of parameter identification are st ructu re to a sinusoidal force at each point.
described. Related works published in the past
several years are categorized, Surveys covering earlier Equation ( 1) mniay be tram isforrn ed info an undarnped
contributions are referenced, eigenvalue probleni by settin g I~1 } and IC) equal

t oO

The mrma lori ty ot the work in paraum met or identification ~~~~~~ (MI 
~ 

+ KJ 
~ 

0 (3)
techniques carried out since 1975 has been related to
mnmp moveum ’nts in applying techniques that have been where i~s is the ith normm ial rmmode , and is the
in “esmm’ni a ’  for a number of years. Validated and germ - corresponding natural frequency. The normal modes
erall y accepted techniques for the experimental and natural frequencies are classified as measurable
dmnt i’ rmmm ination of the str uctura l para mnueters of vibrat 121 even though special processing of test data is
ing structures are not available. Considerable basic required in order to identif y them.
research in this area is n eeded ,

The matrices of equation ( 1) and the i m pedance and
Mathematical Formulations mobility matrices ( or transfer functions) of equation
1 hi’ co mmi mmuon t ‘ m e  dunniain discrete for mniilat ion of (2) can be expressed un term ns of these mnodal parame-
the equation of m otion of a linear vibrating stru c- ‘ ters (2) -
fun ’ ns

FM) ~ [C] 
~ ~ ‘ < I  ~n~f ~ 

( 1)  Parameter Identification
The process of using test data to identify or correct

where (MI , (C I - ( K I  arm ’ thin fan ni m l iar mnuass , damnip ing, the elements in any of the above equations is called
and st i f fness m ni , itri e i’s, x i I ns a ve to m of the physi- para mnmnter or system udentufication .
cal deqmini’s of Inanedom n , amid 

~ ~ 
} is a vec tor  of the

forcing fum ic lions. Nunlincarit ies nmuay appear in the When identification of the physical characteristics of
nm idt rm ce s or as additional terr ins in the equation, These the struct ure is desired , a iuir’t hod for detemnmininq the
equations are often writ ten as a set of f irst order elements of the coeffi c ient matrices of equation (1)
equations mu th~ state variables, The coeffici ent m um uis l he used Such a m ethod us necessary in order
mmi, i t  r ins a n n  not directly mumeast irab le (2 1 . II t hese to establish a baseline analytical model when physical
differ enti al equations are solved usimig specific forcing changes or boundary condition changes are to be
functions , t he resulting solut u r n  vectors ~ x ~ 

.1 ~ } . stud um nd .
and J x~ } are measurable qiuar lt it ins

Identification of impedance or mobility mat rices ,
If t he loru:ing is assu nmiand to  he sinusoidal at a t ri m - equation (2) , can he used to study the effec ts of
quency ~ , the equation ,s transfor m able to the var io us forces on the Structure or for a commuponent
fr eq iuanmmt y dornaim i synlhesis analysis Whem i rinspomise ,at spec ific locations
r —

~ 
un t he str i i c R u na ’ us desired , individual i’lemnrints of the[ w 2 (MI + i a(C I + I Ij i I f~~1 ~ ( 2) n ubility nmmatrice s or Iramm sf em functions nimust be
ir)entifia’iJ .

The mnat n ix on the left is in innupm’dani-e ly;e’ m m i al r i x .
Its imu v ie r sa ’ is a mmu nu bi lily moat r ix , and i’ai - In i ’ l i ’ u i m m ’ ni t us T he dent it ic at on of mmiodal paraliletmirs , equation (3)

Principal Research Engineer , Kaman Aerospace Corpor.r,on, Bloom field, Connecticut 
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is ristnd for qi nc en a l v al idatmom u t i t  am i e ’iu is t i m i q  ana lytical S f3e rumuan , A , ‘‘ Syst en umi Id e nti fu ta t i o m i it a C i i i

model , f or couniponent synthesis , or to tom mi inn i ’li’~ Str e i i ’ t ue u ’ , ’’ AIAA/ASME/ SAI_ 16t h SUM

ped,ii1~~’ amid mu m u bi l i ty i n i , i t u  ins mm a scm ies f o mn n i , Count - Da ’mu ven , CO )A IAA Paper No 75 8091
IMay 1975 )

Literature Review
An ASME publication ( 1)  contains several elI~ I S  L How e’s , M A aund Rernmi ani , A., ‘ I n  cdi lion of

sions of techn iques and applicat iomus of sys t em mm Vib m iti o m u amid Noise of a Tr a nsn miissi ou Using a

id ‘ mc t i l e  ,ut i oil and ni,umner o us met e r (‘m m’ s to i,i~q 
Dy flaim u n: Model Pam t ally I ~ ‘u ived I ro inn T c’st

works Other sc unveys (2 , 3) also contain uncanny use tuil Data ,” Puoc 23id Ann Mtg., lns~ Environ

i te m cnn m’s piut,ulist nutd t n e ’ti n m it 1975 Sci ., Los Angeles, CA (Apr 1977).

A relatively s mn m all aniount of wo rk has i i”m ’mitly beann i 7 . Can,ivauni , P., Watson , M L.. and T homson , W.T

published related to the d imen i t identification of umi ass , ‘ ‘ Hm ’ i t in s ivr ’ Least Sqiuames Donmuain Identificat ion

dannpinq, stiffness mu matru ce s [4 .7) of St nc m c t c ura l  Paranmueters ,’’ J AppI Mech , T r ans

ASM[ , 99 ( 1 )  (Mar 1977) .

The mrua lori ty of structural e , i r , i I - t ’  id i’ u it i t i c ’ ,it RiO

research and applications has been in the o ne ,  Iel Modal Parameters
modal parameters (8-221 This is partly d ue to t I me 8 Chen , ,l C. and Ganba , ,l A,, ‘‘ Detenm nuiniation oh

new families of equipment and software that h ive Pr ot e lla nnt Effect ive I’m il mu ‘ m l  u’s Using Modal

become available in the past several years for deter lest Data ,” Shock Vub. Bull., U.S. Naval Res

mining these paramne’ters Lab . Proc - No. 45 (Oct 1974)

Work related to the determnni nation of trans fer tu n ic 9 Cra mmuer , JC.  amid Lalanne, M., “i’)vnamfl ic Re
tion or mobility representatio ns has also been pub- havior of Coumni ulex Structures , Use q Part F. x

lished (23-27 1 periment , Part Theory, ” Shock Vib. Bult., U.S.
Naval Res Lab., Proc.. No. 46, Pt 5 (1976).

Finally, severa l papers have euniphasuied such ion
sidemations as correlation of test data , nonlinear sys 10 Dat , R , “Determuiination of t he Natu ral  Modes

torn 1ion ,c u’ ie t e m s , and distributed paraumue t &’ rS [28 - 35) of ,i Structure ft~i nfl ,u Vibration Test with Ar-
bit ra ry Excitation ,’’ Royal Aircraft  l.stab
f-amnuborough, UK , RAE-Lib T rans-174 1 (t rans
lated ) (Jan 1974).
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NO I SI~ CII AR ACT I ’~R 1STICS OF AX I AL AND CF~N ’I ’R IF ’U(; AI.. FANS
AS US L~I) I N IN D UST R Y - A R 1’iVI~ W

lED. Mu~ridr

Abstract - This review is aimed at the industrial of the ann oying I ui ni i i uniem its of the m auica t . ’ t  mci  ii’,.’

engineer. Basic noise-generating mechanism s are s pi ’ e . t r c un m i liii ’ ui ’ ,ast c um as that the towem bLade load imu cts
reviewed. Overall fan noise prediction techniques are amid tu l c  s l i mnois it c i c m cvcnue t i c , n i , u l  am d e u st mia l t ,.unuc, , ‘ i inn i imc
d,~ ud .  Various techniques that have proved use- ate Si in tl..’ nt  the umiu re ro ’ni li l,’s s . c u umm d e mi ’nat mmc l

lul for reducing noise at the source are dexribed. The m e i c  tn ,auics nn es ‘s l ie r e c n u nsmne j  w u th  aim c r a f t  ,‘n i~ i n c c ”.

~.,ecialized reader will find references to some of the
more recent contributions — including those for
high-~~eed machinery .- that have been published BASIC NOISE MECHANISMS
since 1975.

Inn 1918 Lani hester r u e u i qmui .’u’d t t u~t tt ui ’ n n i d l e un

Most of thu m esearch into soun d qeniemated aenody - Soc n em’ of pmo~uaelItcm noise w,is the stc’~riy mutation of

narnically, partic ularly by rotating blades , has l ni - t ’ n i tt e blade fonce field This source was subsequently
associated with devolopun emits in t I c -  d un c r a f t  industry examrcinax.I by a neumm ibe n of invest uqatom s , Gut an (5]
The unit cal umu ter est was in the sorund r~cI itm t ~d by darter mm cinod I he annipl itc umi e of the u adiated sound as

t i c o i ie ’ l lu ’ m blade s , hut C c i  t in I ly  the rm nacn c - f t o n t  has a fcun i ’tionn cit the steady lc uadcm g of th~ pmo pell em
been directed toward runderstandung both the fa n Lighthill ’ s (6) general theo my of Itue sound generated
and jet noise of t urbomnachinery Axial flow fans have by tunbulent flow was extended by C urle (7 ) ,  who

theme fome bee n st r idec ’d in dc - i e t t c  , amid the basic noise do m ncu ns t ral ued theoretically that ihc ’ intem actiom ) of an

general fig mmcochanism ns ,uu c- now well established uemm st ea d y flow fcu ’ld with a n igud s i n  f a c  m produc ed
The cat i nn n fc~~n of pc, blcshc ’d papers coot m ops to go w , co n fcc c ’ pressure f I ui;t ua at loris that could ti c’ e omusiden cud
adding to theoretical k nowlecicje and providing the c u r gin of a income elf ic - i u ’ mu t  n ieces . ’  state n c c ’ A fa n or
f iumth er  i ’x ~)c ’ i i l n l c ’ n n1 , e l  evi c f c ’nc a- of the sui tabi l i ty of bel i e e l t o n  hl ,ueli ’ r eit.ul i ru q an I ra - ,’ s t i R ’ - (on ni a duuc ’t I
theoreti c al nncode’ Is was lImos shown t i n rad i~ tc m m o i se I’ u r i c  lue u t t~ Inc s tc ’ ,ami v

,im cel f luuc ’t uiat rig c i t  i n c  c c, (8! t
~ti - ,ac I~ lo1idimnu i oun thi n

In  id  / ~. Mout ce y ( 1 )  w n e i t , -  air i ’ x e e ’ I l a ’nt n i ’ s  i - cs n i t i e n  h i , uef c ’s was i onfim mmmc’d (9! , ,as cc ,. c’ 11cc ’ , i l l c e - ,v
p a l l - n  on rotat in ig blade m n encc ’ amid ,macmod y m n~ n c e c e  ing th at army pen ioduc oily lo l l e R  .‘,i e e n i s t m - ,uc iy lcRic .l i i)c i

sound More recently, C uur m ipst y (2 )  t e c c s c : n c t c s l  a C r e t c - woc ukf e i c ’ m ) c - m, i t u ’ a disc ‘c t . ’ l n i ’r t ce c ’m n c ~ mc e c i scn  cpc ’c In c u o n

cal review of tcu rboncac hincery m uc ,c suc , inc. lei dum ig the and t h a t  any ma nd om nn ly iridmur -td I o n i c ’  I ’ l l  tri m

mno ra’ am ui portant papers published pi ion to 1977 tn x a nn npln , that duc- Ic c t Ic . ’ iu m tm’n an lion of tin , ’ black’
St~idy of the t wo papers sicq iiu ’stc ; th,it t t c c ’  I im oi lm , ’ sS with te u n b uulo nt f low would ;n~e .di uia ’  a h ni u ,ad t i ,uceei

achieved in amnronauturs tc ,i’ ; not yet t e c ’c ’ nn f u lly .-~ un t i es . ’ c ,1 i i ’i in c unmc . These t ime c ’pin. fm c’ lpi ’c j t i e  , ‘c ,~ e l , i n u e

ploitand in the general u -mnl u euu a- anm cng ind eis im ins ()ncm,’ l I t , - irten,, ’ nv , ’il n i i’ ,i’ ’ ,i ec ’ c i n m m c m i  c h ,ar ,ue t i n  i s t uc r~ cut .,mm

reason is th ur limited fmn anc - iaf m as o .c u ii ’’. , uv;a i l ,ul i li ’ for ,ix i ,aI l oss n m lsa c t iu r na ’ , l,iui , c i i

app lied m inseam (t i am i d de’vetoi cur cent inn oqr a rm is It is
an un for t e  u nate sit cia t ion tue ,ae sm ’ fans are ,a nnei1oi Pm and ce - h con of t tic ’ ding i lit udc’ c u t tot .a I I ad cdt i ’c I scm uum ud
Souun ( ’e of noise in n n ‘ I x  ‘it en itu ustu i~ l i .‘s ii i c’i o al c m c - u s  c f c ’ I i m ’ mnu ls on ,inl ,u , i tin ,ut i - .u’ ,’,’ - .‘,nI ii i - ‘I tt n . ’ cc n ’,( ‘ - c  I c,

In a n . e  u n it survey of thc ’  m ccnu s e ’ lc ’v , ’l~ ,it t hu l i enc u in ul  t l c nw t i  d e l i ’  le n a- t i - n c  ( ‘ cur ‘ c, ic, c c , n hc ’ - , e ’ . c c i  .ini

ar ia ’ s o f I i  l e n t ’ s  and I , n n , n e i c ’ m e ml  ‘ni-n n e i c,. ’~ i t  w e ’ , ci i c ee ’ . t u u ’ d e ; e e c l c ’  S i c i un i a ’  r -  I - i l l ‘.1. ’ I , i e m ’  i c , i i u ’

shumwmn t tn ,a l rmcome t t m , i n i ~u0 ‘ ‘ ‘ n ’ ’ - nn l c i  it) tu tu ‘ mc t e l  i,cl i I ’ - 1; iii c l ues is t i u c ’  n nec ~m c u~, l~ c ii , l i - i - - i ‘ - .1 - , c m i n i ’ .

nnui’ :c’ c i t e en ’ ‘ c ; wm’m i ‘ dcc i ’  t , i .- e ntca -r Sc u t d i u l y i n  c - s t  I i t 1 cii It is cisc i ‘ i’,-,il’ I~’ I , ‘ - c u n ’ ,cu 1 c m  t In. l i e . ’ - t n - c c i i i  c rc

fan s or c i  i n n e t n n i - ’ ,sc in sy - ; I i ’ r n ’ ’, .t( thai , sub m at c e c i l  i’, e l  I t i c ’  I m m m t u i u l m ’ . e t  t I  ‘e.’ tmu ’ ic l  ,;~sc . .  c - e u - t i c  i - F , ’
riot ,i e e ’ t e t ,it el c ’ ui lthcieuu ih ‘ - ‘ i - . ini  te will mn c ’ v a ’ m ‘1cm 111 cr - ci i  C i i  Ii, all y ,i~n, - n - ,i n mli i ’  i ’ l ’ -’ .’ - nn . ‘a ‘I ii, t I n e  ‘ i - I

all noise suu i i m c ’i’s , th u I I n ‘~i,’Ie ’ Ii t c ’ mm cl c ’ S~cc ’ c  l i - c i t  scilici S e n  t,e u’ 1 cu ml u i u l c - n u i  a’ cc, ,u i -i , ami vc ’li, e I u c ’~ ii ’ c - i c

qai nasl t hca s f i r  shi.mi elm I t i c  - ‘ce u f t i c mu ‘ ncr tni mc ‘d c c ’  c ’  i r e , st m carl c u t e  c i  d l  ‘.c c i  c m n c t  t i ’ - c c c- , ’ t I n , ’ i fm,i su m uu l I ’’ ‘e - -

Gritish Gas Co,poration, Research & Development Divcsson . Midlands Research Station, ~%~ma, l Lacer , Solm’null. Wa’sn Mcdlac,clm
891 2JW, UK
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m ii. j m s m d iu ,il m dc i ng u e u c c , ’ mc tc ,  ccl t Im . ’ flc ’t~ tc , ’tc t t. ’ c ie ls  to ti, S l cc ’,’cI as ~ .‘ l l tea l, ‘as- se ccuc i  f t  as will kauc. jw mu (181
sm ’ It ca i ne  .‘l iog I t ie’ c ’ t t m ’c t ,i m um n sm ’ mt cc i c ~ a seulad S e e n rae - c ’ th,it h fc i’ n, ’ r~ ,i njt cid ic , n c ’,i’,.’ cmi tim e ’ nac ,ju,atocf sc t am m il
int um 11 mm , t Ic ks is ci i t t . ’. co g SSIii c t i i ‘i to  c ’ ’ t f m i n ,  ‘ . i n i  d e i55c ’ I  wfueui tt i , ’ ,i, c ’ui St R II ~ ‘i t c ’ ni II sV - t me ’ejii n , t ta
t ’ tt ,u t,,i ’e ansI tf ne ’u , ’ Isc m c ’ e ,iuu’-te ’~ ,u mu u n nm ,’n tn .ast ’ am m Ilk’ n adu,a I ,e i ,u t  .‘ - ,;;t’ c - n ’ ,cun nu , ,u Il ’ a Ii as tc ,u m 1 tu i ~ I ,‘,a c ,ei i i  Iti.il t i c -n i c ed

tiomn ‘t b , m c c c , ’, it) ! i, t ,iI c l~~,, c e d e d  ‘‘- m u . ’ t t u a ’  In i ,m 1, .u a c i u ) t i i t i u u l . i , s  t e c
, t c  ‘, e F  ‘ - t i - I Omit ’ mm , , e ‘,i ‘ cm t tamns

I In.’ c, , i t t c ’ iu ’,f t t im bte l, ’ cu c  c ’ , e u u m u m ’ t c t  us ,m s, ’ t m e l iii

eu l , a (  c r e e l  t he ’ u c ams , ’ n ,ae t I , m t ,  -ci m c , ,, I t  m tcc - 1 d a d .’ t m a i Im ,  cc i l ee  - mlait t um n t aacuu  c c  kid ,’ i,’~’ a im I’,’ c c  e ’ , cc t, ’n c ’  I ems It ia ’
cxicje , but it is e e i t , ’ nc unu one i.’Oi,, ’c i i t ’ m m t  tc ’  cisc’ t t~ ’ At tu (n.h e ’ l c , u d t c  of ,mu uy s1 ’,ut cj l  u mn le’t Ikuw m n o m n u m m u l o m u m a m i y
.kou,t cc da t u rul en unnodef Icc ,aiu S. ’ the se e n I ,a, c ’ ~‘, 

c ’ssi mc ’ t tn ,a t ,t . ’ n cc ’m i t ’ - ’, I Ic , ’ Attn lu uae f mmmc l  fn,,n mm u r i c ,  e ’O omir m c i  ( c c l

d i s tu u t ’ cm t iiin is nnm one ’ I’ icI ly mnmi ’j SLum , ’d ,imI cI t h a t ’  se cmu i i c f I l i a d ’ At the n e nt ,a tm r cu ual tuc , l i u . ’ci c mii Z , ttne m u ’ mm nay ha ’
m~idi~tmon u ,‘,,oet’,uI. ’cl (10,1,-n Sonm uc’ c oun d ati cum n s t Im e ’ a nnu un mn t ce’ m if loj dumlij ham i n md , u c u l  A ttn ,it iu ’ mntn  c hute ’
t i n t ’Ss e u , c ’ lI c ’lit la m ) t..’ ,- ,ui c l ,a t i ~ t f t  tt h’ t , i nc  Ict .ud, ’ to tb, i, i1 , ,m t u ’ct sa auam nd sc ,, in ,c’c, f in I,a, I the ’ m u , m u n n t n . ’ n tat
c h u r c h  us it ’ss th~ m n the mc e m i m s i e ,  w,ii,u’ Ic ’ I i c i t l i . t In , ’ r, i cn i i , . c r m mn t i  ubcut ing tna m nuc onu m e s  m m mc m , ’ ,anec ’ s ,ar. the ’ Liii stmet ’d
r’m ,’sSC iu , ’ cl usI m a lim u t i mimn c , meu - ,,’,t lu ’, t t ’ . -  i nn t e ’ n ac t uomu c i  &~ cmi ’  u , ’,us.’’, (lnm dt ’m so ,ni, ’ , ccuuchc t e, imi s emi t,’ loaa,hauci
the hnl,ich’ wi th ,u , uiii V t ’ I t t ’c t uuuumlouui t ui m Oi I ,isc, c iii In’ fu ,i m nn m cnun i , , , amt e a ,) m ntm u huut,’ to r ic O, ’ t h u emn i taint ’ n c u t , a t u u um c
c’jte ti l, Iti’ if t n o r , u  cumnste,,.jy ,u im toil th, ’,ui y , ml ham tita nic I u i m a ’clually sl oe cc i  m c ut c c i (nljcl u ’i, all tIn’

c,c ieinic t w, as , ’r c ,iumce ’l ‘‘ xc c ’ ;’t ,c t n n u c i lhu i c k ’s of the blade
Gc ’ m n, ’ nol ,, - ,’~t t sn m n nuu I~s for mm c u s tc ’,md y l i f t  urn m mcc  e u l n l pn , ’ss t idssmnti tn c ’cp cc c m u, ’y I he t O nic ’s , m m e ’ ~uf tenmi  tnm ’amd ,is 0
tilt’ flow teas , ’ bt ’tnn n c ’I ) t , a i I uc ’~I 111 1 This wr um L se as sfi~ mp whistling staennurl that co in bc vt, y amim loymnig

extended t,n unie ’lcide ( t m , t ’ t t e , u t s  c c t  (nl,muhmn gr ,mi u ,u mu d
fluid dldl u c p c , ’c Sitc i I i t V 0m m, ’ I’C c _ n i t  wuiti u b e u t c u c u c  c cm i  If t In , ’ d c n m mi m nn . i m mt I i l t c ’i,it h u m  is t tm,i t cut ,a st~iteomia ry
c;on n cp n t ’ssituu laty c’ l l trc I;; ,‘,amn (cc - cusc;cl to de t e m n n iumn c ’ bljde ’ mow with a mot ~at immcj flow du st ortuo m u - typic -ally
the ft oct cm at m rig tta i i t ’ on ,a fan h Limit’ t c c c  both Inc ’ cud c c,’ ~ mute I cit - c d  by the cap st m t’,ac Ii i o ton wake flow - m
arnd ancfomnn f low dust m a rt iannm - i’s It 21 1 hu’ I ‘‘SI’ c cc c,.’ of Ic i,ic Ii rig b n, m m in mu ni mc us ci vt ’, c by ,m wake Inar mnno m n ic amìci
y c r c i c t c l , ’ t , ’ bl~ e I~’ ‘‘‘0.’, Ii) eet i rt t m , ’,a InI t Io w c laS ( i en t i , i i l c  c ’s i- e c n u - ’si’ ii une hs tc, u a socinnd h ,m n mm n o m i c c - (ic ) , 20) - Th e’ total
hjs t u t ’t ’ In St o , t i . ’c I (1. 1 I ~n! , as li i’, tIc , ’ uui t t ’ n , u h u h  of madc ,a t icum n t n c i n n t  t t ne ’  staton maw at a so m m nnd ha n n uno m n ic
s tn eam nn Wi se gu s t s  s s u t t u  . m , r f u i m l s  m t  f c m i a t e ’ t tu ia ,_ km ic ’ss luI tt , A oBl the ’mn u t c ’ i c c ’ un c fs on tfn e c r ’ mn t n u bcut j omn ~
1161 (1,1,’ cnn c’ ti ’ nu ’ c c i  these tha ’ e un t ’ t i e ’cu l n r i u ndc ’ iS t’.imn I n c h ’  all st,atri n I_ml ,ude ’s I his tot a l  ,or mnnul e, amu be m e ’
be ui’,,’u I t c i  i.i le cc  I ,at , ’ itt , ’ , i t i s t c ’,- ic l’,’ I’ u _ ac t , ’ I t ace  c ’s Im i- ut i mu -c i t  by cur ~ ic knees eunequal m c m i i i  II,’c c ’otm,il s~uac me nq
5cr tinn q t hi ’ ’st ’ t,eI ‘c _ S ,ma~c,l ,c s t c , a d c w usu ’ ,,lu l  .cl , it nm lt’miqltu tat ashen c c cl slalom bl,adu’s (211 -

m nt c,n (Teem I.’’ s Ir a’,, .‘i)t a ,it n on u c juds ,’S t In, ’ sc ’ o ic ’ c ’ St n ’ e c e j t l c
fro mnn ~c,fi ci  Il i ,icl u , atc ’ct sc.’imnd c x c i i ,  cd i i  t ic ’ u - o m m m t ’ m u t e ’ d The ’ t t ’u ’ t uc imc l uec ’s fo m n educimiq noise fm om mn n ot om St d t o m

i n t m ’ n ,ic ’t c n n n s ace well c’St able stnc ’d Thur ax i.il St’ ~lt’ iriq5

Rotational Noise betwee n mows most be at least omne chord an order to
The sh’,td ’, t I m  cit t e n , , ’ on .m p ncc t i , ’ l lc ’m ~i P ,icI. ’ r ,acl u~ata ’ s m c ’c f i i c i ’  the st nem igth of the i unt m ’ m , m c - t i e nn , and t he blade
‘,c ‘tunic I tic~c .11 en, ,’ it as ,i ’lc ’n ,at c ’s m el.it ave to t he cntcn, . ‘m vc ’u m m uunnbem s m mn must bc , f icuie ’ 0 tO tu Vt’ ci hi gh n mode n urn -

0mm ct ‘ n - m a l t ,  t ’I,acled m en t O r ‘ t cs m the’ u , a , t e , i t i i c i n proce ss hem In , to t ake toll advamuta c of its mt ’ mlc u c ’t’rI radiation
is in , c ’ f f m c m ~ n~ hecacis t ’ m Id , ’ t ta u c ’c ’ patter m m motates ,ut e f f c& ’ ieuic ~~

seabsemni i. speed ni eq iu~ l ly s p e  .‘,l m c ) tom hI cidins t he
sound cc c m ,it the tc i , i dc ’  passing freq uency amid i t S  f t  us mnnore d i f fuc e i l t  to reduce the tonic ’ noise caused
him n rmo m li c mc V~tn, ’ii the’ roto r opecn ,ales in a disturbed by interactions of the rotor with an inlet flow dis’
velu ’u c i i ,  tim Id f~~n ,‘~ , iniu I e lm’ t l na’ w ,mk , ’ flow t n o u t u  ,a t r m i t i t . f n  fie ld b,’c c tuusu ’ ,u tnt ,, ’ c ’liOi~’e’ of the loading
statur ‘OW rIm , ’ Ii ’t ,mt cc nt f blad es e -s t ’ t ’u mac i nc - c ’ t m , ’n I e l, l ic h . a m u n u e m u c a u -s A us nut Pliss itul l ’ Sümnm,’ nec ’c ’ mlt e’a,iic’r
Ic c , c ’t ’ n, If tI’ ’ Sha t ecOmc ,m n 

~‘ L Och’’ row cS m i in,ist ’; ~c i  V d I , ’un t rt ,i u u thur ci nnp c ii la mnc -,’ ot unlot flow di s tu mtm un m i
u ’c i, i ,ally n,i’,ic m e t  e, t ’ ’ u u t I c  , c l  s i n , ’ ’ ,, t t c , ’  c c c t i ’ m liii, c’ Ie c’ l c t ciois, ’ c ’oum ip a rt’ i f wi th ot her iu i l l ’ e’lI,’ m um nt c ’ n,mc ’ t cc no S fu ,ivc ’
ri th,’ ht~dtr u. ,ass lcu , m Inu ’c l l i , ’ nc , c e ’nmt , linnt c c l e r d l c , F m l I , l t S  t i c ’,’ um ti ’s, i i t ’ c ’,l 12:’ 2b! . Omit’ mmi,’tho d of iedemc’mmiq
t h i n e d i t , ’ uI t~ Ill “V ) tm nn ce ’ , mIn i ’ m , ’ i , ’c s;’a’a’it , sv bl , ’m , ’ lii , ’ im it en isit y ol thu s typ.’ of anm t er ~ac ’ticcn as st am nn um iq
S is un,, m u i t m ’et ( ’r ~‘ 

usu t m ve ,nn Iue ’m l, un u s , ’ ( 1 / (  [ Incas , it that tfm , ’ flow distortion itsel f cannot be controlled - -

sV us close t ,n the bladt~ m n c u l ’ u tn , ’n B , pan t of t fit ’ tom ce  is to unequally Si’ .la ’m ’ thc rotor blades This alters
ti m - l a I ‘ m l  ren t .11,’ supersori call i, even wht’mn it’ , - in tm ’n the Pr p te’ r eri c ‘e tm ,nr radiation at the blade passi m g
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tm t ’qeae ’nm u i, ,al thur , ‘x u’ , ’ iun ,m ’ ,.t ,imldut iuimn~ l rad iat i e n m ’u at of the mmicosumed noise spectra
,m mt i , ’ u I , u u a l t e l ’ t e ’s m a t  t In , ’  shaft m o t , m t ue ,nnal fn t ’ g u u , ’ mmi y

Turbulent boundary layer noi , Turbulent boundary
(ii ,.‘u p u,,l s~ c,ut inn ei us cm m m c l . , t In , .  ‘c ‘,an tut u u lam I y e’t fec t eva~ layer no use is ‘‘55 easily inred uctod than an let turbulent
.it ‘0, ‘sh,uf t net ” ” ’ , I’. - t i c  u t - 1 ibm, ’ i n l e t  fleuw tau’ld us noise One tecti nmq cue ’ combimies CurIe ’ s analysis and
lis t , cu r , ’, t tin ,’ Ic~ ccl la i n I ma i ty cut load an c i  ha r m rio flie s miianasum ccl boundary layer pressures Alter natively

A i n  c)9 c u lt ’s ,a spanc mu mum mum In inn n tat at en u n ,c I ham mm morn mc s the scat ten ed t uirbolence mmiodel previously discussed
mn -.s - Inm , Im t tue ’  ,tP lA l m O tu mni t  as mj t t , ’nn mo  be ’ t t em tt n a nn the ’ can be cmsec,J uf time strength of the turbulence an the

tam m u~u mn ,~l ,‘e t e e ,uily sl’ ,i’ ‘ci n m u t c m m  vi m oily tn t  the blade trailing edge us known or can be
estunmuat ed Archubald (33) has published some

Broadband Noise interesting data on a possible mechanism whereb y
I in,’ t n l u u s t  c tcmn ,nn i o m i n ,il ue i c c ’S cu t broadband m ouse in the sound fue ld us comnt rolled by a boundary layer
tans am , ’ i n, t , ’n a, I mccnus ba’twetnnn ttit’ bl,ide’s ,m umd on flow instability that us driven by an awustmc feedback
wun’ c m  ‘i n or bc u leo  I I ,  cs - tt m t’ crlf. ’, ts cu t ttn m ’ bladec loom

t , am tna i le ’nit t mt n m um iml amy i , a ’ , c ’ m s , aund the inn t l cu a ’ m n e -e’ cut the
tr I a l.- Ia n deic ( t i p  i ’l c’,m n a unc .‘ Current um tenest mi t f ’iis aspect of blade noise us

ch I p ,  lc d cml the nurnba,’n of papers Published in the
Tip clearance effects, I mill , ’ as kn tnwm i , utmm,si t tap past tt n m m ’c ’ years Gemieralieed formulas lio n predicting

lt ’,imj ru m c ’ m u c u s , ’ eh lltnm)til)ti t to’ author dud if , ’tu ’n mane thia’ mumbo, wake-induced sound power for low tip
that the’ nc c ic,& ’ radial m c m m m inui nnu ttc is since m e’ was an speed ax al fans (34 , 351 support earlier wo rk which
f l , m ennc ‘‘cf by the thr, ’,’ it c in ienn smonal flows m dcii end enmnphasu,ed the importance of the boundary layer
I,’, the ’ blade ’ lo.adamnq , tip , lc ’,au cmna ,’ , annd dciii bound thii ’k mie’ss and wake width on overall noase levels
,m r ’, layen thick ne ss (26! Marc-n nem.e ’m utly L,onghouse Detailed studies of the boundary layer-induced tot -

. 7 1  m n n v m’shmqati’ci t h u . ’ p,m ssa hi l aty muf  reducing tip hculenic’e and the radiated n oise spectra from airfoils
vcnn l ’ s o , u m sc ’ by t i l t  cog m otat rig shrouuds cur l us ma t are available (36) -

i.am m umnupellem s A main,. re dm uc ’t i o m i c it ‘ a t ,  ( c m 17 dB was
otn t a m in, ct w ci tn uro par  IV • ‘ mmm ii ou an aol rim tat dun g shroeuu,ls On I I- me theoretica l Smdec , Amnaet 137 , 38) calculated
i cn n n m i rj n ,’ut with ,i ct ,iund ,a n,t l e s , ’mI s im n m,m e uc t  sys temn u , the re lative’ iunmpo mtane ’e oh trailing edge noise corn
Other m m ,c ’,isii,, ’ I h u c ’ u i t r t  of Iti,’ nie ) Ine a ’ l c ’ m ic ’ n , mt c ’ cI by thi,’ p,irem”f with unlet tun t ,u u u lemim’e effect s and concluded
mnnnl ud nne l t ,ne, ’nt of om itc ’n wall cm mnd he ub-im ide uc m’cl boun d that the latter us rnmore important Longhouse (39 )
dl 5 Ii’, . - n Ii m m ho l am u i with ami as ial flow m um m penl lain stud med the ‘054’ o I von tex shedding tone m ouse Thus
Inavu t ,c ’ c ’ue tic’s. nihed (28) Ibis wu rk has bet ’ mc cx-  mechanism us unusual in the sense that it us nth
lanmte l,’,I to unc lcidc ’ t he im item ,mc ’t a ta ri of inlet qc mmde vanc’ usually present in ax ial flow impeller noise in which
sec enndau y flows with ,i clownstn wo n r otOr 129 1 the inlet tunbulencre or blade pressure gradients de-

stroy the launn inan boundary layer condition nieces-
Inlet turbulence noise. lnile ’t l iar b ma le ’uic c’ noise’ m arl be San y for the gennerat ion of coherent vortices . In fact
,ilc’i ml , i t c ’cj u sing om st . ’,idy lull theory ton lhe il mi c - the c’ondm tiom i was mnneasured om ily with tig htly loaded

- J tu i~m t ung tc mm i - cc sin cnnqt h T In,’ cm cairn c l i f f  u’r u’nca,ns bet ween m ot on s Howe’ver , the i dape nu is of mite r est becatuse it

- t huie br im bc ik’mn t f loxv ml ‘tam let arnci I ha’ p. ‘m mod ic in i cnn us arm ,at te n mn np t to ,umialy ‘mm I tnt’ instability cond at mon
ac b um mn s mmccii Icc need abmmvt ’ ,an m’ ( he’ sin,’c t m ,m l tiust r it) cut ion d as , c m isse’rl by Ao h bald 1331
of tha ’  , i t n s t u i ’, iem n f low t,c’l,I .mrnd t b ’  nuiaqm i i luude of
the sp a in-wa re , ’ em ) m nela t u,u n lc’nqth of the indiuus’d
fo r , . ’s A m l m , ’ i’n , ’ta c ’,ml tr. ’,ilnnient c ut t hus probtenmn h~s FAN NOISE PREDICTION
ba’ena iiuutnlisheci (30 ! - annul c ’ xçue ’ u ,i nn a ’ rnts an wh,,’h both
ttn , ’ unt e ’ m ’isity c nf im ’aler t te an b au l a ’ r t m a’ and t Im , ’ m ,mduabm ’ cI Axial Flow Fans
ni eni s. ’ w i n e  in’ . ’,u s e , m , ’,t he l m  ,m ni ,,tni,s nm uuc axc a l fI,mw t,mrn f ,un) noast’ data shciuuld .ilwa’,c, be ,‘s ,u,nu,ni ed cmi t em mn, s
I u ,iva’ Lu. ‘a’nl (Ii’s, m ibe ’d (. 1 II Inc a mmm c ) me’ I, irnilaim m~n tat of t hc’ Si’l ),-

~~ .-iIa’ t lciw m mcm -hanusru i5 It ast ctc’si n bed be- —
sluidy ~nf t f i c ’  00cc, ’ ml ,’nn ,’n , ltm ’ml (i v the ir nu pm nq an nuit ’nt edt  c , imm sv than tyi” of I , m m u im is lalla tmu nn can have a marked
( iam bi a ta rn I flow over .i mr to its , u-y laund e rs , .an nd ci Inm em m’ I tc ‘u t omn m ,md m,m t c ’d soc end F am exanlmple , .a pm ed ut ion
I l,nw u ntn s t m m m c ’  t ions , ill scm I 321 m ‘onu 1u d an I hat them ii I t Icc’ som arid t ‘owen of ,m~ c ,al I auis lest rid m n standard
htisac ,mv ,mul , ibla ’ the ’c inum ’s gcve fa ir ly ii e ,a rat , ’ c- ’s( im imatc - ’s d u n - ted  catmhrat c o mm lest rugs having downstream 
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t h r e u t t l m n l i l  woi ulmf sc m uoea sty au u m d t ’n,’stc m n .att’ m n c, - ,asm an e ’nf otojarmod .a saumcal , tn result tom lIme ’ overall siounlnj power
dj t ,a it the’ fami ne cs.’,, immst ~ ttt ’,t mn a inc gh l y t uun b m ci , ’mm l of ,ia ut nunrcu u t c e, ’ b ,uns but eslunessed tti~ data as a t c,um aL -
aj m nt mst n ur tt,’nj ii, ii’, t i a - l u f  I Ii ,s ann inapp. ’na iii neu ’ui til ,a tu i m (m cm li mcI ii, in nec ’ i’owem in put , t ip speed , and fan du am nut ’
duc~t s~ stc ’cnns walfu cool irue t l iii’, .annd inn ,ae a lm i ’nto t ‘ i ’  t e n
te iuluunq n,’ slc ’ c n i s  It t i ,  im m i ’ , e ’,ac l n ,  f lu Ic. m m,m nu c t i t iu m l s
,am . ’ km mtucv n , tht ’ ‘,i’l, ,um , ’nt i’’ ’sc.’’ tm , e ’ ’ ‘am hi ‘n i l ’, i n am ma sm n i  I t ie ’ m nr v d , n t m oni  it olamim ’ inassanici frequen’ni V miou st’ tom
Y,mn .‘,a,tm u m m- ,t , acl, at i eumi ion , I’, - I n c - mt , 1 , 1 c’ .-aIIm tjam m .nt co n slalom an temdnti O nms n ame lu.’ caum it’d Out with
,an m eum a . 0mm .,’ n’ ,‘thnxj at tac k l um me t tIn in, t ur n uble m n c h~ s nt’ascnunatok ’ anto n acy mu) Onnolher Wdy (21 ) lnta ’ n an
l’, - ,’ic nit’s’ nab e’eI ‘If A II. -n niai c~ m ’I~- - t im ,  ~ mjivt ’ni u ’ unvun omu h umus tne’tw,’c’n u ~ mn it u mn amid an m ote l flow m iu nu eunata jrm nn-

ml ian he ,i sn ,, u lrc, ’ut t l m ,a l tb, umu s t,’,iut s tt nuw by n,Iieuic j ml Em , ’ ,jima i m .- ,’enl Ion t’~ch sit uation fri roost
qu,Jna l c t i , ’s c a ns- ‘ m u m , t ,ii n l ’ .- c. tIn Ib m , ’ ste’acls’ tic iw cur l , ,ac ~’s t tm , ’ l’ljel, ’ m massum ncj tones tOni be pred ic ted with
c t c l a u u n m m ,  , anmu h  that (bit ’ s.cuin et lcmu ss , ’m m , m uu be’ wm ‘(ten t ,a,r ,ac u oi ,au 5 iusumluj himn ’ ujapole thetmu (44 4aj (
ann tem ’os oI lam , ~‘um mn l ~cm n nq catn jbm l atu , ’me arid the mmciii -

, l c m ’ l c ’ nm ’ ,iamial l ’ n , ’cs memc ’  ,innul t lcm ei , m i mc ’ t f m n  c , ’ n m I S Ci,’,an i~ Centrifuga l Fan Design
t I c , ’ {nm,i i u u d n t ’cmn .ml mty ,im m c t ,mu n i svcinald be’ dulIc ’n, ’m nt ton Vu’n~ it tl~ work bias t)et’n done on the aerodymiammnuc
m alt m l m , cnn ~.‘s m m Pm,’ a,n l’c ‘n ,It anu g em lvmi cum i n n m m ’unt li, ii ne, - tat u a’nn (m m li ~jal tamn s anad blowers .‘venm t houg h

t Im , ’~- a nt ’ mused e ’s ta! nsave rly inn h eating amid ven ti lating
Sa’va ’r ,a l a nu al ’, ne ‘ n e ’ ? Ldme madba nnd mious’ Ie~asc ’ t~tn.’nn lllau\t ’ c I tntr’au open .at~’ a) low Mach numbers and have

m m u~m li d mcmi ~s I’ ll ann (4 ( )J slum un,~.’et ( bnat t fne n , ’~ cult u,a I m mmm i ‘ellen con figurations soscept able to partial stall ,
bnoadbanm nl mimi cs ,’ c l  ,a sarm qltr ,ms al rcnton ccan i be,’ c’s Picas , nn,ost of the sound power as generated in the
inn ans~ ’d mm ten ‘n ’s t m t t I c , ’ I Ic im.’. C m mc ’ t  tic ‘emi t More ne lower frequency bam nds amid is influenced by the
c,a ’ mm( Iy  t uiniqhoeuse ( 4 1 1  sheawenl thai v a nyann cj Pie’ flow acoustic ref lect ion properties of the inlet amid outlet
Cu’t ’t h im iu ” mt tnt arm usmnl,,flend motor (ny f lm )W nt nmnlrol d ue ts  arid t t ne m uunmpe ller housing The discrete Ire-

tm~ nngt ’s the metal ave m:ontr beat aomis of tonan aund broad - q eaem mncy tone at the blade passing frequency u s pnamar-
lm an i, f m n m ) m se’ , e i l r , t c e cnmt . mn ts  to the’ ov mm rall s lnee ’ t reum nm . Tf me ’  u1y the result at aennodynamniac interaction between the
tu m n n ,a I i ’ m-n ui nomi , ’mnt s , c aee nee’d nni,mi nl’, ln~ 110w uh i sto rl ions, ununpeflen wake ’ flow amid the vo leate cutoff Neise
du c ’ n i mni , ila ’ ,t the’ liaise St m, ’e ’tr m a nn , at haqti flu,nw cod (47 ! collated data deunnonstratmn g the mmnm por lance of
tic ut’um l s di cm.’. it u~i lcn,acj um uun ) , I (me’ bn nadheumn d mm .,mse be both cutoff spacang and radi us and cutof t  or mmnmpe llemr
u:aun ie nf c n nnu imn e im n t  ,a I inn,’.’ I I nnw u mit t b mc icn mnts thigh disc inclination on the m agnitude of the blade passang

m aul m m e ) f I ml c ‘,ar Ic, tal o n Itn e’ ,‘ ‘ e~ m m c n n , ’m) t cit m ouse vu ’n sos tonic In typical nd tu stn mat tan design this tone is
m otor t a t ’  Si’.’, ‘d was mmmar. -h~in mis n ni dependen t This about 5 d B higher than the’ broadband raoase level
mlne ’Om m s that , as t I m e ’ toni o ime ratamng point mnnoves along within the appropriate octave ban d (usually 500 H I
the f I , mc~ u en, ’tt, e me nt - prtr ssure’ u ’cm , ’ t t ic c iennt  c m m uv el of a
pa ntuc c ut a m blade design, tIn ,’ scuand power law varies It is not always clear whether the broadbam’ad noise
tron n tIn, ’ s ic th power of re lative blade velocity to us created miredonninant ly within the impeller or the
smn l nc c ’ m n lb m t ’m c n,0,t’n val ue ’, which m,xiuld be as low votute because the velocity distribution varies con~
as 4 5~ smderably with different fan designs. The forward

c urved bladed centrifugal in’npeller act s mainly as a
Usmmn mt th is eaidpnu euc h Meagn udqe (4 1 atlemnmp ted to m ’unomentunni-qa ining device and relies on the volute
denn y. ’ t l u , ’c n n , n t m m , u i  ‘ ‘ s l m m e n sSma,n um s Ion the  overall broad for effin ’ienit conversion of the high kinetic energy
band soearnd l’cuw c ’ m of ,a~ aa l f low aun , it astr ial tans inntu useful pressure energy. In backward curved
based omi t oo ’  tu a nnml,un no ’ untol cn c u , c l , ’ Inc prevu omi sly do bladed fans nnncj st of the useful wor k occurs in the
se’n m ba ’ ct toil w n u l t a ’ mn an 1,’m urms e m ?  Itic’ basic ’ ta n parannne’ - impeller itself , the volutem acts basically as a collector.
m r s  lc ne Ssd am e , ret n lc u mnu , ’ f l o w , Stat i c c ’ l I c ~ c c ’ n m m y ,  .mnd both Fortunately at is somiiewhcmt easier to derive a broad-
I ‘mt ’ssc u m n u n ,  I f l e d . ’, ‘ c i ’ ’ tm t i e ’ ner mit s These paramuieters bauld sound power law for the centrifugal tan than for
,‘n mc - t c m n m i d ,a ss st ’eunci amnd sm/tn e,fte c Is and can also be the axial type becamase the t low pattern within the
connm bin,ref to ti c - c ’ i’mnwa?r co nsaa mni i i t adm rn The neseal t s centrifugal design is o ftemi determined by the housing
we’ ,, ’ a ’spn a lss uom is c c l  mm no ruol t ieina lu ty between the amid impeller geometry and us not too sensitive to up.
si’.’i:tr ~ l soaand power amid the fan lu .ar am n,et e rs These stream flow tumbtatence . The exception is highty
eqtaat d e mumn u cvc’n,’ ,mpt m l m , ’ el to I he nouss’ c u t  e:oo lung fans thrott led b uns in which (he dam-nper is located inn’,-
,,s, ’,t an b n m’ .ivy am m to m , uo tmv a ’ vehic les (42 1 Hawes (431 nnuoduately adjacent to the fan housing. Except for the
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last ceemn e ta tmo m m the broadband mouser output c , a n m  t ua n edge at ,an ami i;Iat (Swept edge) relative ’ to the d une nc .
realistic -al ly pm edre ted (4 ) h o n  of t I me oncom in g flow T he serrated blade edge ,

otteo quoted as the measo mi ton quiet cnwl f l ig ht ,
More nc ’ , , ’ m u l  wt mr n ann centrifugal taml noise has been h as  ha re m ,  im nv e ns lig a ta ’ ul fmur t t n c ’n by Lonqhouse 139 1
dense n ,beid (48 

~
u
~’f [)eeprose (48! gives sound who used the praniciple to overco i nu e vorla’s noise . In

powem u -cl imates for both axial amid m nie x e re i flow fans a moore original technique the blades of an axial l~ mn

as we ll as for centrufugal punmius. Bott i Challis (49 ) were mmianufactured fro nmm a porous but rigid material
and Bartem nwenrf er [50] discu ss ex i me nmm n met nta l evidence designed t e d  cancel f l uc i uatmm ’ug pres sm uma ’s on either side
of the’ Imasmu nnoa s ,’ e lc ’ n ne ’ n , m t cnq m m ie m .tiannism n ms Agm ioun of the blade. A nomsa n red uocl morn was observed but only
1511 ar -md Mnnue’Iannj (b2] ouisad en the influence of at the expense of a sm all loss in tarn eff iciency. It
tt it ’ fan casin g amid dual nesonannces ann than s ha ime m of was suggested that only the top 10 nt,’u n. cn mm t of blade
the’ r adiated spa ’e :tra span should be treated with porous nu mate nia l to over-

connie this loss in steady aerodynan’nic pertormance

NOISE RED(I(TION An interesting paper (57) indicates that excess noise
nnnaght be generated 1 axial fans arc incorrectly in-

Sounne’ etenmie r~ l principles for noise nedeuctioui at the stalled in duct work - The location of the tan relative
sati re a ’ ,m nt ’ given) imerlow Th em flow unto an umunpel len to the duct ends could improve the acoustic coupling
cnn blanlu’ row should be’ as s m n c o a th as possibltn , low betwee n the tan and the duct longitudinal reson ant
mntc ’ t  turbulent-c (good syst enmm design) am uii casunq oiodes. In the worst possible case the blade pas smm nq
bounidamy turhuleru,:er would redune m the broadband tone could be amplif ied by the duct response,
noise l,’vc ’ Is Operatirnq the fan at its design condunon
through speed variat ion nattier than throttl ing woca ld

CONCL U SI ON Snnmnmm i/e ammmp ell er boundary layer or wake flow noise ,
A nedua ct mon of t he noise at blade passing fmequ enm ’cm’s A brief descript ion has been given of itie progressis achie’ved by a suu utab le selection of blade niam nnbe rs ,

ach ieved in fan noise researn ln Not all of the inn-adequ ate ,nx ial spacing, arid , a t tiossib le , non-radial pon ant contributions have beemi included , Thestatni r vanes Generally for a given puniupung require- -interested reader a s referred to the excellent reviewmrment , flow rate , and pressure head the broadband
papems by Momley ( 1]  and Cunipsty 12) . Som e ofnoise m m. nc ’cicmc ed if the stat ic effu c :ue nnc y and/or the
the noise me dnuclion mmmelhods descu bed have beenliress uane c n ic ’ t f ic ’ae nt is increa sed (t in speed decreased )
known for somuce t i ny ne , in somnne instance s the tech-Allen natenly, for hugh f low apinl ic ,at ions - - cooling f a n s , -naqoes have been applied wutf i considerable success ,boc l, ’m bmu mner fans - ‘  the Inressure’ head (system pnes-
Unfortunately thus us not true in all sectors of theseine ’ losses) should be kept to a n - m m n m mm iu unu , A slightly
fan indeust ry partly bemmause cit the mncrease d cost ofdiffer ent , but equally i m portant , requurerrnent u s to
mni anufac’ture involved in the mniodrfucat ions and partlyelau n uanat e any stmmu ct ura l  u ’ondmtuons that pe rnn ’u mt
because not all of the reductions m easured in thevibr atory resonances,
laboratory arc mc’ali,ed in Practical situations, It is
expected that this situation W ill improve as environ-Several novel noise redm c e - ing techniq mmes have been
menta l pollution in and around industry is be ltemexanmun ed mn recent years. Dattnnar ad Woodward
controlle d, Noise reduction c,mni evn -un be an indirect(53! and Dittmnnar et at (54 ) showed that the broad-
resnu lt of imnl !nrovc’mnnents in industrial fan design , Theban d noise ennilted by sl,utor vanes m nlema t ’ting Will’,

I i recent m nt r odeuctcn n i  of variable pitch axial fan bladesinlet Imarh ua le nt flow can he’ meduam.ed by increasing the to imunprove the ot t  dt ’sug mm aerodynamnnin perfo nm n’nanc e
- a slalom i’hord length For a given) imiI ,’t t uarbu ilence this

shouutd also inu ipm u ’cvc ’ the noise ch aracter ist icsincrease mm blade C Inord I I nn  units annmprov e-’d u amn u e ’ tl , m
lion of the.’ inmdcue tnd Stan Iii ’,’ I u m, ’ ssc unc ’ S , th u s  deu’reasimiq
( ha’ limit dipnnlc ’ s tn c ’nqttn RKI” ERENCES
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noise’ e ,j mi be’ n , ’ i tm i cm ’ c l m y  (d ulling t hen blade trai l in g (197,1)
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FI NJ ’r I : I LE MF: N ’I ’ M OIW LI NG OF S’fl4L IC TL J RA L ~m I B R A’fIO~~S:
,& R F VI F ~W OF RI ~cFN ’r .-~I)~’A ~~C~ S

J , ”m , Redd~~

Abstract ‘ This review of re~~arch in the finite do- - e.i °;’i ’ t e n  an l i lI a n bou ndary co nidut icuns, Iha.’

mont modeling of structural vibrations concentrates i - I ’’ -. l i t  m mmi m ,- . ; m i i m , ’ re inly sanu l) Ie Imolync ) m lmi a ls
on literature publi~ied on the vibrations of the basic ,\ ,li m - r  , amnm , ,amu u r n ,i , ’ mi, n ,a I t~e’ n a ’lm n . ’sa’nlt ,- ij m’ ~ m u m , ’ than
structural elements, nan el~. bemus, plates, and - n  m, i - ,; al • ‘I, ’ r r  u - n i t  1 he .’ red ’ di ii nat , num tele’lli as

~,ells since 1967, n i ‘ n - e u i , ~~’,j in i’ l l0 ’. it  t in, -  c i  m e t , -  s,~lne e ’s cil the thi-
,m ’ SSmi  t e e n  t u n i s  and ‘- m u sS Lily t ti c ’u n mien uvatuves

Any review ,m i l e t m ’ m a t i u n m ’  on T h u  t i e  ‘ ‘ ‘ ‘ ‘ ‘ r u t  ‘limi t, ’1 I,is . im ;c .us’ ’ii to the an b ut ,in~ paraun’ netems used in the
mng of Si n ii t o m~~l s m l m m ,c m c m i ’ , m n r i , ’,l I, - m m , ’ ’’ ‘ 1 , 1’ ’ ,- H,a~ S 4Pm I~ i t , ‘ mr, ’n n m mul l Tfn e,i t e o l ma l , am s’,’s t ,-’ m n i , rn’nodel
n’.ata sc thi’ Si eb u , ’i t has , n n - m~’,ii SC) m l i i i .  L i 5  P m  . ,c. II ’.t’, aS i t m t , a ,m ec ’ t  i5  t i t I u n n ~ ,‘l, ’mni u ’rit ~ toqe ’theu cT.a ntanu ity
of Ioeu u n,als n , ’ m m n , . ,e ’ me t in . t  i i m , u l i t n  ~“, t t i ’ . i i m i ~!l, i i .~ I’ m ’ - mc , m i~t , a inm, ’,j by u m smflil ii,u ,i , - re , u luees c i i  t i n ’  unknown

wuir Id mm , msv ‘ i i t i l  i5h Ii tiil -~ ,a a ; . ’i’. ii i —i ‘, u m m  ,-5 i i i ’ , I m l  m ’, anud i i. ’,’mit  4 , ’, m s _ a i l s  e ’5 at l ice ’ binund-

n , ’vm”o, m, l i m it , - ,‘l m ’,nu, ’unt -r , i , u , ’ l i n n i n  m l  s , t c m , a m m i i m n s  c m l  t m ,ism , armu ’s tm ,’ tes , ” ’ im  ,‘k ’ ’ r . m ’ n n l c

i’lj ’1 sini u - tmun a l  e - l, ’’-c e’n rts tm ’ ,a ’ ’  ire il _ a l , -’, arid re ti, ’ II s

All “ce h, a n n u c , u i , d”mcsI ’ ,a ’ ,- ,,m i,i e m re u l .‘n nit m m ru ’.’n mmni l liii’ , r u - l ’ n ~”,,’c n t j t  marl c’,t a s t r , . ’ t . e r ,u l sVst u ’ m l  Li,j a co t-
S i n e , ,  t e n ’ s  - ‘ r i t a - m r  t ’ rm ’~,- t e a s e .  ,‘l, ’’nn , ’mm l c in ~~m mrut ’ li ’ m t ionl m t di re , ‘ ‘ t m ’ u ’ l r ’ r r i u ’ mn t ~ es , a s  t r cn n , eev u ’it f rom
m (iIIif,m i mn ,~t i m u n u  In aaidutuenn , ,3 - m c  - ‘ i t r u n  i - I m ‘t i m ,‘ m i  n ’ - te ’c t ineqi uc s iusa.id in t 1 ne rei n nen ’tur al ,lul,,l’i’ s i re  of air -

have m m  i tem w ath th€’ t a n il m - ‘ l , ’ ’ r e  nun am ialysus m it  v ubn ,a i r a f t  I i ii u ’c ,ur ’ ipI~ , vv un qs and tiis , ’I ,a,ie ’~ amei tmeated
t Oru s it ‘4’,’, ii ,, r e t n i e ’  1 , 1 , 5  , u i r i ; m ie ’,&’it c m i  lt im’ca’  e’Ie ,is ,uss ,’m it md i ’’ ’ - . ut ”tni f l i ; , ’ ns , -, L enu i - . ,an d st’,c’,in p a m - I s
nn mern t s I h, l m t a ’ r a t c a m a ’  cn n the re e mt m p a ’, t i ll s l n c ~ n mun jl  The ’ ‘,,e - a l  l i i i I n u r n im ’re~ ,m ’ i 1 m m - t i  ~. . . 1 r ’ m  u’.’i’ , i m a pl~mia’

vubmataen r ,s  spans a te ’n n ya ’ ,un ‘u n  mini and f ont ’ mq n I u ’ t e ’n u ’ i ,iSt I m sa lad is m m ’; n , ’ ,m ’nm t, ,t a m. ,u m lii ,  te en , ~ t cans ,‘ ,mmd
,‘i,i m c  ,mm ,‘ ii’ on mi t m la ’ Im ’ L mu ’ , a ’ c s  res~as nt’ - dii iii ni 1941 [ i i  - 1 In n ’ nuse of

‘ m i _ i ‘uS i ce ’ nmu n l tm n uc ,’ies Iu,l i&)IIi. tm ’ ? mm )a ’nt ‘re-i l a scab-

dm n unm, uu fl to act c’ sm ’ ’ .,itn ’ Him ’ mjnkniowri teem - u i lion dates
TH E u NIT E E L E M E N T  ME THOI ) ‘ mi ii, ‘he - i i ,  c m  ‘u?  Coc e m a r u t [“ I - I~ ,’ used an ,ares ,-m nm-

~. mm l i ’ m m i  In r , a n m m l i i l ,ar e ’ ia ’ un ue ’mni ~ amnni the pm On i ;ml, ’ at muna—
T~~ - t n t , ’ ,-t, - ’ ’ r , ’ m, I m ’et ’ t hu m i is a rn u u nu a ’mui ,mI ‘‘e t ’t isci l u l unaur t  ‘i i t t ’ m ct u al m ’ne ’ ne;~ lu -u steady the St. Venant to m-
te n oblamning approx mu n ua t e ~ sol eut ions to ,i wm de ’ sam e~’i’y sian probleni , Although mci ta m m i key features of the
c i t  pnob lennns di’s, n bed by dif ferent al or mntm ’ilm ,ii t m nm te elenmneni nnmethod n-an be to mun d in scuch early
e’qmaat ions It us a nat aural of Ispm in -ui a ’ n l m ’n ety and won k - mis ton m n m a l ni tn mi nt mint mon is attn ubnated to the
m nmatr u s n m , - ii m , , , t ’, m)f sin ,u u ’ t a ana l  , amc ,ai~ c c  It-me’ Rayk’mg tn work of Ar gynus ,imic l Ku ’ist’~ 131 and Tnurner , Clough ,
Rut - and IA,aI ’ m L mm - u philosophies ,an a ’ mused to m ons lmuact Mart un-u - arid Topp 141 The phi ase t um id , ’ elenimenl

- . a i m l m n uxum u ua t ien mi fe ar ’ , , I mm u m m i . imr ia’an m ’munn m bm n iat ao ns of ssuas f irst ,jsed Imy Clocagh IS) in 1960 Senict ’ that
wham h n , ’pnn ’cu ’n ni the ua n km nowm - u so lmit monis l i n e , the ’ l i terature am’, f i n ite’ u ’ lm ’ n nmt ’nt applications

• has grown te n the pe ril that ii ca n n y our nals am a ’ u m s c
General de~ ription, The’ key to the s ee ’  m u s s  of the’ primarily devoted to t t m u ’ t h u ’c n y  and ap plmm ’aiuon
finite ,‘l,’ mnma ’ n t  ‘nu, ’t h cud us the way in which appmnixu’ mit the’ m mne ’tfi ninl A mc ~v it ics of the ’ hi~ton mm - al de ’ve ’Icu p-

mnna t a m u, l i a r - m m  t urns at so ca l la’d shape I ani ’t ann S in u m e n ts and the basu m I been ~ ~ t the mniethod us avail-
tha ’ e ’ nnm t u ni ’ ’e ’ m mum; I u l , ’ratuune •‘ , n mm ’ constu eactecf . A given able in mnm an ny tu’ st hnmmm ks o r me ~mi t t’d to ward s t mcuc t nara l
d( nm main , or s tre a m -I m m , us rem ‘ra’ sa’n land as a u-U Ilem ’t mon i i i , ’ , h,mn~ e , (6- 1 31 Mat he’un mat am ally - n-un mcmi It’d texts
of a m nemmnm h , ’ m ut  ult ’ o I m m O t n  ii ally smnn iç - u Ia ’ seal nd ü m m ,, im un s , u n , ’ also available ( 14 181 - ,ms Jn c.’ nim )nstm mict uar ally-

i ai l m ’ml f inite ,‘ l m ’ mnua ’ m - uIs , wham -h are connee ’teid at m e mt ,u u n m nil u m ’ m t e ’ ml one’s ( 17 . 181
POints afl,’uf munn da ’ s . A typic -al elemnuent is isolated
fr au , the i m u l l , ’, tI m - un , and a var iational problu’m’m n is Aboial 100 proceedings ~~t e ’~ nil, ’ nu ’ m - ui ’ i’s l’,,’lmi m m m i the
f o cmmmui l a t a ’ t d ” a u saai q the Raylu~c h - A m’ itneithod , fa n , f ini te e’t m ’ mune ~nI met hod aim ’ ‘now dv ,ntIablc , Expository
•Auociere Pro feuo,, School of Aero~~ace, Mechan ical and Nuclear Engineering, University of Oklahoma, Norman, OK 73019
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paper s on the.’ f inite elemnient analysis of structures In the tu mnite element mnmm.’thod , t he mass matrices are
are also available (19-22) , as air, fairly com plete computed either as a consistent (distributed) mass
lists of references on t he method (6-171 Several m atrix or as a lumped nnass matrix . In the case of
exe:elle nt biblmogra~ein ies on the fi n ite element nrmethod a luruiped n ass niia tri x the total mass of the ele m ent
have been corunp iled (23-26) - is assu m ed to be distributed equally at the nodes.

This assumption , although only approxi m ate , resu lts
Computer software. An important feattare of the in a diagonal m ass matrix , which in turn facilitates
finite clement method is that a systematic procedure m;ornruutation , The effect of lumped paranma nlers on
is cas e d to obtain properties of the element -- that is , beam freqmaencies has been studied 1391 , Higher-
its gos ‘rning equations - - without regard to the order beam elements ~

- elements in which higher
spec ific problem For example , if the equations degrees of polynomials than the cube are used ‘- have
corresponding to beam , plate , and shell elements also been developed and used in the vibration analysis
are known , any struc tuue conta ining these elements of beanis; quintic polynomials , for ex am ple [40-421 -

can be analyi’ed, Such flexibility coupled with the Tapered and twisted cantilever beams, which can be
advent of the modern digital computer has resulted used to study the vibrations of turbine blades , have
in the development of a nuumber of general-purpose been considered [41 , 431 . Shear walls are often
computer programs for analyzing a variety of corn- treated a thirn -wal led beamns of open cross section .
p!ex engineering problems, Almost all of these pro- Vibration analyses of shear walls are available 144-
grams have a certain common library of basic ele- 47] - Finite element analysis has also been applied
ments , but not everyone has the same degree of to calculating the natural frequencies of simple
generality, A siurvey of structural mechanics com- curved sandwich beams during in-plane bending
puter program s is available [271 - Several survey vibration [48 , 49] -

papers on general-purpose finite element corinputer
programs have also been published ( 28-32) - The effects of shear deformation and rotary inert ia

on vibrations of beams have been investigated [34 ,
43 , 50-54] , as has the effect of elasticity of the

VIBR ATIO N S OF STRUCTURAL ELFMENTS support -- as well as the effects of shear and deforma-
t ion and rotary inertia -‘ on resonance frequency

Beams [55 , 56] . A curved bean, element has been developed
Beams are common components of nmany structural that includes shear defo munuat ion and rotary inertia
systenns, Various levels of sophistication are to be [57],  out-of-plane coupled bending and torsional
found in beam analysis. The nnost simple analysis vibrat im :t ’m have been studied with this element . Results
is based on the classical Bernoulli-Euler beam theory, us ing thick and thin beam have been shown to be
which does not include the effects of shear deforma- dependent on the axial thickness-to-radius ratio of
tion . Beam theories that account for transverse shear the beam (581 - Timoshenko beam elements have
and rotary inertia are more important in vibration also been applied to the vibration analysis of coupled
(especially in highea modes) analyses. Although electrical and mechanical systems [59-611. Nonlinear
both phenomena were first accounted for by Bresse vibrations of bea n mi s (not including shear deformation
in 1859, it is customary to refer to the beam theory and rotary inertia) have been considered (62-67 1 -
that includes them as the Timoshenko beam theory.
Shear deformation and rotary inertia must be in- Plates and Shells
cluded in predictions of frequencies when the wave- Conventional finite element methods of structnara l
length is the same order as the length of the beam, mechanics are based on extremum variational prin-

.iples and thus invofve total potential energy and
Vibration analyses based on the Bernoulli- Emaler beam total complementary energy. For boundary value
theory have been pu blished [33-37 ) The prohlernn of problems of the order 2m , these extremum variation-
maximi’ing the first natural frequency of a Bernoulli- al statements contain rnu-th order derivatives of the
Euler beam on a contam nuous elastic foundation has field variable . Therefore , the approximation (or
been treated by varying the cross-sectional area as shape) functions employed for the field variable
a function of position and maintaining the volume must be sm,mch that: (i) the field variable and any
(rrnass) of the beamn as a constant 138 1 - of its partial derivatives up to the order (m— 1) must
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t m , m em m!umn(ae)1i5 , ,a nm ,l Ii , I a l l  , , m m , t u m m m u  m um u i m ’ m m c i , i i u t  I ‘ m ,mu m l u mum ,, ’,l u u u t , m ,u c ,’t ,m t sum , u u u i e l  a u m m i e ’, , t m t t m ’ n m ’uitu,i l
s t a tm I ’, ,mm t i me ’ t i n ’Iii \, u i ca l l, ’’, ,mmu,t 111c m 1,1, t a t  ,l a ’i ev,a ,‘m t a u a t i m a m u ’ , mm mnms u s tam n e j  m u f  t i n , -  ‘ n c , ’ m n i , ’ mu i  n ’, t m i c l m l u m  e e m u n i  u ’m~ ,i ,a
l ive ’s 1il.~ ten nnnn f , ’ m mm ,  c t n c mm i l , l Inc m , ’ i un n ’sn ’ mu t t ’m t t i ’, tt i t ’  I mmm i , ann e l t h u  m n u ( nnn u e ’ m n t ml u ’ f I , ’u t O n i  i e ’ l , l t m, m m e ’ . In 4 u S
appn mi~ mmm ’ ,at io n lm , ’u aces , ’ ii’, If it’ a n i m a l , the ’ n ’ lm ’ mnm , ’ nu l  ~u nrc_allt’ u mit  t ,a e t h um’ s , ’ ,‘it~i, i? imnu ns ,uie ’ m n , m u m , ’ u i , , ,  t t i~Ii~
su m ’  stir in ks I ,m ,i l u ,m mmm l 11 mm -sm ’ , ,i, m c f c I m c m l i i ,  a n , ’ a ,ml le ’ ct  iii,, In iham n i u m u u l u e  m c  I i e ,a i mc,, I h u n  i m u m ,  Ic n ’l, ’ m m mu ’ ,  ml mm a t t i c  ‘ci
m ’omr u tn ali b ,la ty ,mnn m i Cenn nn I iI n ’tn ’ m m , ’ss i i u u a e t i t , i u u i ’ , ‘‘cpu ’,’ Emast ’ ml m u m  t i ie ’nie ’ i’c) u u~f t i , n u n ’ c  t t m e m ’ e m u - c l u e - I u nit ’ , lil a’
1mw’? ’,- Any fun - m ut t ’ ,‘l,’ m nl , ’ u mt  t f na t s~m l m c t i , ’s Ifu , ’si ’ , am , ,  m ’ u a n lmn i m i mt ’ ,  c ut t m, - u iu ’; ’u ’m m, t a ’ nmt 5,1, m ,uI a I, ’’, Ina ’t~’,’,’m ’ua
da lmo nis us called ,a m oni to r nmmann q tan - u rn ’ ,‘I, ’n n ,, ’m , t u ’l, ’unue ’,,n ’, lti e ’m n ’t c um u ’ , lan e’ ,mn ~appi ,ia, tri a l mans tnt t h* m

cl ’tl , ’a ’t ion u nit ttu ~’ t uu ’ luc t i m n t t  i mu mumnue ~u n t S ,an n ’ sm utt mc ‘‘nu t
Ccu-mi; ml e ’Im ’nmn ’ss us a mu lm min n , i t i i ’ , mlt ’~ sal i ’ ctm , ’mt at It,, ’ lou Is’ Au m i t t m u ’n ,au i s , a u u t a c l m ’ m t t t u a ’  m l u e s u ’e l  mmu , ’ I t i m m mt ’ , us t he
nmn m mm i , al s me s m ’m t am ) line’ mc t n,i; m u - t h i m ,  t mc m l i  a nt ’ , c i l l  i~ uI t’ te’ iii, I e!,ai,e ’ct mc c h in ,me 5’ mit It ,, ’ ckfajm I canal c un st_nm c mu u m fa u y
Ii’ l ine ’ m m  Ih onde’r iIcu ’,’,’e ’~ n ’n - it u s ctc t tun ’ull I,’ ca t s?’, t mc ’la,l c’,an m,a t nlt ’m, (a n ’ , c l u u ’s’,,’st t he’ un l , -.,e ’ct i mu c ’lf n c , m f riot
thc i c u n n m l m ,ut i t m i l i t y  i m n m n e i , t  r en t u  I ,um l f ’  h u m a n tt n amid camul ’ , ie ’taaltc an ) e muu n u ) u t mt a t  ici mnal ly S u m m i l u l e ’ e ’ le ’ mnie ’uit~
haqhe’ r - m m m m t n - u  I m n m , t m I , ~u l m s  cu t  t’laI, ’s ,an ,,t st un ’??’, tIn ’s,- Sm ut ,ul sci e l i  ,u L c m O a t , ’ I u n e ’ m t u i  t u u a u n  c ut S t a n ’ss u ’c 185 89)
u ’mi nn n tu ti O n s m m’m l c mmn e ti -me’ mis, ’ e m? h m i m t t ’n,’m u , m e ta ’, ‘e ul ’ , I t c c d t u n ’i, , auu , t  M~ lI, cu s (9(1, 911 mm ’, u ’mi t l ’ ,’ it ,c, m i s ’ ,n ’,t ttn t ’
mnmm l ’ n i ,ul s Ill t Ine’ case ’ cu t  pI,ule’ tm u ’ mmct , nuc i 1 m m - .‘t to m a ’c l m i c ’ , , i l n ’ iu c ,‘ , m t  I y iua ,u sl tmn c~,’ e ’lt ’i nm c’uinm , ,a ,u ,t ‘ n I t ’, u S- u ’
,~s ,a , n m ;m l, . the tot,ml e i mn m ’emtc, m I ,‘ml ,’m , ls ,‘‘,;u mu ’S’,,mu u u mmm c l l, ’,t ,,, n u t  e u llc ’? l m , u ti c i l m m mn um ’,’,’nu licunu ,a l f mo, t ,’ n ’le ’n m ,e ’m uts
monild um us 5, ’c e l l i mi m u n e l u ’ m il , ’r i m ,ul,5, ’s (‘,u n u l i’ l , -t, - m m n ”,’, ii,
c,ut me t m t ’ct t u ’ ,  , il l e l m ? , ’!, ’ ‘~ e i _ a ,t, ii am m mm l ’ , nm i l l  i ,iI’, lu  ‘c’, P/ate& ‘l it n m  I t i n  n ’ c m u m n ,  d l i i ,  ,m m , ecu ’ 1 I a ,  Imidef c ,au I ’ , ’
,‘ve ’n - m u e l m ; ’ . u l , u t m i l i t ’ ,  ‘‘ ‘‘ t e e n ’s hu m t t n , ’u m_um ,ln ’n ;‘c u l ’ , ul, i m l l i ,il’, in ic) , ict ~~, i nu t , i ln ’m. mu the ’ d c c c l c u t  nl ,i m m ’ , i ’ ,;me ’s m a t  s t m u a u
16~

_3 - 7 4 )  F—ui i m uc r , umm, n ’ ,a ,i u e ’ i ; ’ ,a t , til, ’ t m m,auu, i eil ~ii h un t ’’, l un sc um , ’ ,’ ,.as, ’e. n l m u ’’, u_ a u  I’,’ e i ’ ,n ’al tm m m u ’i’ l ,a c n ’
u ’ l u ’ m ’ m, ’ , mt  for ‘ 1,15’,,, ml t tu n ’u i m ’ ,  i t  t t m i m n  m I _ in n .., n n ’u l m i m n n ’—, strum Imamal e ’lu ’ i iia ’ mulm , m a t  lInt ’ i,t ie’ ll , ,a~ in n , , , u m l , ume m , -, n, amiul
a c t i m m n t m u  ;‘iH’, mn c u i n u u , i l . lin t ’ m m ’’, i elt us ,u ,‘ I Ii’, ,~~ ,‘ l m ’ sImi ; i ~, ‘ ,v f n uu ’ tn mi m e ’ mu ’ l ,u liy, ’I’, C ’\ l’,’ i i m i ’ , n ’ mi mi c ’
nnicn un t s l u t t u i n ’ ’,’, ln ,alm is  1’_ u ““ I I i m m i ’ , t u m ’ , u t m ’ n ’I, ’ m n u e ’ n i t ’ , ? ,m t u n  m m ,m l ,, ’,i m m m ci ’ , I h ue ’ i m m u u t , - n ’l u’i in ’u,~ ,a m m ,a l ’ , c c ’ . mi t  ctit ’ ll
,i’,’cm u c u , a t n ’ nt with ?imm t iui ’n cm t n n  ; ‘ m i u t m ? , ’ m n m s  , am c ’  ,alci n ’ t iu ,m ,, ,al s In  m e ’  l i n e ’s i u s um n m )  l u luu te ’  i -? n’m l m , ’m, ts ,a s ’ ,c m ini , ’s lt i ,at t I m , ’

— 
Ii, m m m l m u l u l i i  ,iln ’,t ,a u n e l t n , ’ m m u  n ’ - ,‘ ‘ i l j i i c l , i t i , umOil l ’ ,  ~n ’m c , tuu ’fn ,m vim nn m i t  ,i st i , ’lI ‘ ,m un l ’u ’ ,i atn\ l im ,i I,’l\ i, ’ ; c m , ’’,n’ m n t c ’mf
t’\;m m ’mm sm v , - Ii’, a sum, to, ,’ i mm i ul t c u t  ‘,m nm ,a ll ?I n e ,amu , i u ,l, an l ’ ? ,a tu ’ u ’l,’ l mua ’nilc

I9_ ’ 9 7 )  ito’ u I  I ,~ l um n t mm n m iuuc ’m ’mf Ii’, s ic ,  Im ,u t u t m umu ~~m n m m ,m
To • c r m i n ’ut ’ ,  t in, ’ u _ lit tu , ’a u l t  ‘‘i; mmf  the’ u m m m u m ,’ u ’ m n t m c u i u , a l  t uonn 11 am. t m n ’,’nu m t m ’ , u  mu m ,sm ’,t 19H I
Ii n n nn n p at ut i In ’ ?  l i m n i t n ’ ,‘ ln ’ en n u l l  nnmett ’,u_ i,I , sn ’s-n I ,ml m cmii

c u i ns ’n ’ n m l i e u n n ,il t m n i , t e ’  ,‘I,’ m n e n ’ , m I  n n e n ’ t l u m , t s  tn~~s’n ’ t un ’u’ ln  £Slc’sl 1 , 5 1 1 5  mum , I’ la itt ’ ‘, elum ~ l m , u n m ’ , ln, a e u ’ i’ m m i t u k l ’ , t ’m t ,a ’ nm
1, imp , u m ,n ’c t lu IS, ’ cmi i ,uI l n ’u I ncnrne m u m i f , u i  1 1 c m  e r  ti n it ,’ t i - un l m I e u O ~ I elm h e’ a l u m’ in -ni l ’ , )99 1 - , u’ 1 m m  ,um ,, ’ , mc ’ - II 09)

u’le ’ n n l , ’n n l mnua ’ t h m ue t (69 , 78 , / 1) )  t e u n  hm im m nda ry v al me , ’  t f n e ’  t e u ~~In ’ n ’ Iu ’ m m m m ’ m m t  mnu , ’ l t i m u m i  S’,’,m ’, im m ,u ’cI I’ ’ u l l l l n u c iS u ’ t I n, ’
I mn cn t l ,m mn l s  c u t  the m m m , t n ’m ,‘n n, Itam’ f ,e ’lmi s,an m I m I , ’ is ,, illn’,w , i un ,a l ’ ,  cc ’, ant l,m t , i t i u i c l  t m m m l u e u n n m , a m S umn e r t c l , autu ’’, Nu umnm , ’u i

eel to f n,is ,’ t m i m ic’ t ic , , m i m I  l i ne  em t un ’s un Ifi e’ mm , 1 1 th  
i ml m ‘cii It s h u m  I u,m t cmi i t t n tmm h eum ’m im mn ’s ,a, m e t e n  e, m ,In ’ sh,it ‘ n - ’

mie n iv , I t ic n ’e~ , am ’ m, , sc  it ,, ’ t m m u u e m n , t , an in ’s tie ’ t~~n ’,’un u ’ lm ’ m m n a ’ un lm, s’,-,’mn ’ ‘ m, ’ ’ , u ’ m u l u ’nj ,us In,,, iii,,’, m u ?  i mm tu l lu i i u l  ‘ , ? m u ’,’ct ,iu m m i
(~,nniee ,’n ute ’nn , a ’ t m - u i  s mam h m ’m n ’t iuc um t ’ , ii, mia mI ci, ’n ia ’m ,ill ’ , ,a’,i m u- , m n , a t um u c ’ i  t t ~ ’ t u a i f n u m i u ’ tnl m t mf m ’ \ ‘ ,i u ucif ilt ’ l i me, ku u , ’si,
u I m m, mrdmn t , ’ n ’mt Imn hyt’u n ml t, r ’,m ta ’ ,‘l, ’mn ln ’nnt unii’ih exjs (8(1 f a n n u l t ’  e ’ le ’ unue ’ umts  Ii i, ‘l ate ’ it u n ,m t m , ,u u c ti ,isn ’ t n,’,’m n ,i u ’i ‘ s u ’,t
82) , a-on imn umty c i t  III ) th m u n m t , ’n m l u n m m c , a t e v n ’s .i 1, 155 ) 1,”I 1 Hu)  I hi ’ mn ’mciills c iut i n ’ icj j sa m~u m a t u ,  ant ? ’ ,  ? u , nnuu
bomunelam ma ’s t m , ’tWi ’ , ’ lm m ’ l n ’ m m m, ’ n , t s  us t m , ’,a le ’mi as a iou’ , h im’s ,’ mu bta a m ned s S m t ? n  m ’l,’ I nmn ’u , ls cu t Ihi ’ ‘,Oluia’ 11m m , kim, - ’,’,
si n aunt , m u , m mla ti o r i  ua sm n iq I aqm ~tm nqa ’ m l i i i ?  t u t u  c n n  me c ml It’ d ,mm n l m ,i if S uu i t n a ’m c, t i m  ,it mu am,  u n m a m mf u’ ’, ‘,‘,-n ’,,’ i a au u s u a l , ’, cml
the’ t l a, lion s an sIr mum pun~ l mien ’, i u , i i m i i  c ‘a uu l u k ’ mnus  ‘. Rem , I, ,i n n m l I l,m n lu u u n (1 ,‘o - 1 •“9) a, ,‘ m m m m u n t m ’ai t c m m  if ,, ’
as acli l i t i i uun ,uI it ,’;u, ’ n n ct n ’ nn t  s,a r matn la ’ s  ‘It , ’, I’m c i i  tm , l m u s ’ , ’ , ’n i,, ct m n ’, um mn , u i n , a l ’ ,  - c inc h  lii,’ in , ’n ’

‘,- m t u , ,u l i , u nm iii h i m , , k , a lu u t  I t a u m n  m l ,ai, - ’, the’  m m ’ s , m I I ’ ,  c \ n ’ m n ’
tn n n m i u ,m~~t fanu t , ’ ,‘l, ’ n m u e ’ n m t  mnme ’t he nds l tt ,i’. 84) a m e l m l u u u u u m m ; u ,’im n ’ut ‘,v ittn it n um n lulali ’ hhn, ’,n m ’ ,  - t51uu~m i l , m n  I l Iu m ,  k I
t ao n~tt e t a ’ t m m ’ m u c l , ’ mu t  yam iabIe~s , um , ’ a nn lnm um t amc i ’m 1 m u m,’,’n I? ’ ’ ’  t ’ l ,u t , ’ t l u m ’c u u ’ ,  , amum l  h u m ’ ’  , t , l l na ’ n iSau u lm ,il i ’ l,i’,l a i ts’  ~c m t e m
entire ’ dcnnniaun (us’ fe ’, i m m n u l u m i s i m m ( t  fbi ’ fium ~hu’r en me im ’ n m u i m i s  ( c u l m s, ’ m a n n ’ nm ,  ,‘ a c t n ’ u u t n ’ um ’ , , I l i a e ’  sm ’ l m i ? ,, u n i’, ,amm , i
~nr,_it - ula ’ nnm mn - mi m i a Se’t e nf le wa’, mu mien n ’u )u u , i ?  imu m n mt I i,’ - ,,’ ti m - ui incite f in n n ’ c a t m’um s ,a l m a n ’ s  te ar , u ’ nm  ic m m m l i  luau u - l u -i 1 1 , 1 1 1 ’ ,

additional dat nenu’ ,de’n il van iablm’s iii ’ m t e ’ nm n ’m ,ill y m i u i ani iii ’ ,,’ t mm ’n ’nn m nm s n ’ch, u l ,mhn ’ct (1 km i .~ i I l O I n ’ ,‘ Im ’ u nmn ’ u i l
lilies of desagn interest, I m u m exarmnple , in than 1 101,’ m i m I ’ ,  cm ’s m m t  t l a u t t u ’ m  c u t  ;‘ , im me ’ l ’ , , m n ,’ ,e s ,a , I , m t u l m ’ ) )
bending pmohIen~n t han hmharmnioni ’ eq aat iomn us mla ’ 1 :14 )
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Ncu u l ,  c ’ i u h , - ,  i I l c u m , I  ,‘l,’ u n c n ’ , u t s  ll a m a ’ t’ , ’,- m m  ,u t ’ pl’eil I,’ u’ I ,a in .i ?ue ’,~el’, f’, -,, , u , ! , , u i  I’’ mm , u a m u m u , ’, l a c a u n  u~ m t t u  e ’ l ,a c - ,
5 lii ,II mu ‘um i, (ii) 1 1 1?, , I ii,) t in e ’ t u ’ , mm Sf I II - I’ - a ’ ? , ’ ’  l e , ’ , I t  - ‘ t i m , -, (ui ,it su n  a , i i i’ ,  — u ‘ . I’’, It ,,’ I am , i t ’  - ‘i -‘‘c , ’ nu n i l l ,  - ll ,, i ,

I,,,’. tu, ’,’ mm , m s a ’,i m n ‘ t u t u - ? l uu ll n ’n , amu , i s i i u m .it i n n  ( I  ~-t a , , ’ , u m , a i l , m t - I a - ( 1  ‘ ‘ii 1 i5’i~ ‘~u u , ’ I Ie  - I  I, - u_ , ’ I i i l u , ’ I m  t n ,iv,’I _ i ’  1 .tL) I I lo t i u l , m t e ’ m I n i  em ‘u ,t ‘, lu _ as , ’ Im, ’e ’ mn i - c ,  ‘ I ,  ‘ u ’ n “I I ’ - ’ ’ ‘ e  , Im u ,al’, u - u t  l’’, un ac t  c c i , ’, ‘ I ’ d ’ ,  , a c i s ’ ,  I’ 0, il,
t f n ,u t ,an a ’ Im ,a’,, ui ,um u t I,, ii’, I - I a l sI n , ”,’, t e u l e r ,  - n I - - en ’ m i t - ‘ c a - u ’ . 1’ ,~~ I -\ n - u i m l ,  - , I’ ‘~i 1, - i , , -,- - I - i , - ’

a u m u c  a ’u’t (i’l l I I t n e ’ m , ’ a , , - Pun ‘a - c t m u a m t m  ‘ a t ’  ‘ m a ’ a ”,’ ,‘I, ’ - i  ,‘ u l l  t u ,us mug i C e  ‘ I Is - ‘  s 1 ,1’ , ‘ i ’  u ” ~~~~~ t
m lI, ’m i t ’ ,  u m m s , u l ’ , n ’,t ,all In _ u s, - I , man ’,au dl ,  c ’ c , a c m , ’ l m , u , d m u , I , i m ’, m c m i  n. ct ’I’, line ’ m c i - al a au u i ’ ,  d i n  ~ , c m , c ’ - , b  i a , ,  t - ? .~ l,’
, t e ’ , m ’ I,m, ,‘ e e , , ’ e m t ’ ,  ,a s c , i m n l a ’ l u e e u ’ , a :  un ‘ l a c e , ’ c t , ’ ’,’. uric  I m m , l a  l l ’ ,’ u I tl uu - - i c r  I,’ a c t u a l ‘ e n , ,- ,,, a ’ ,  usa - i n  a c u t i u m m n
tine ’ u - it, - , t m . ’?  - ,Ilu ’ , am ,i, ’t , ’ m - - c , a l , , m l u  m m m l  ‘I i, ’, ac cc - e l  t n ’m “ “ m m m l  ‘ i , , , ,  ~\ im, ’ m , .m I i -c  I - ‘ ‘ “, t e c’,, . 1
as m u u’ I ,m, u a ’ m I l l  I I , a e m ’ , m u - mc , ’ Ii, ’, l . a  t ) n n m ’ ’ C , ’ i u l , 1 , l  t i _ a c e  , imu ,iI’, I c,  ,, l ‘ ‘nat , ci n ’ m u u ,  m u ‘ ‘ ‘ ‘ u ’ ’  m u  tm , a c m ’ ,t ,nnl

ms _ u ’ , ,i,’’,,u lu l, ’,t l, il s imuc t i, ’ l ,u’ ,, - e t i n a u m  ,um ‘ ‘ e , m , Ia ’u , a t , ’ l’ , t I , ,  n ’ , ’ , n l,, u , a m c , ’ u c , , a m m  t ’ t  i\4~ 5’ ‘ i .d , u~ ‘, - h a - l I  li,, u un
tin ,, k ,‘i .a hn ”- ,imu ,i slm , ’?Is tin, ’ c , ,  ,mm u ,f - ‘ l,’ Ie a mm l us a’ , I, m u ’ ,  t’ ,e ”e ,t,’sn ’i, u l u n c t m i t  aa,e I Ia ’ a - I - l a i n  t n u ’ cl am, ’mu u m m d
mmuail t ,l a ’ ,n ’u l fnu m n ‘ l i l a - ’, m mmc i  ‘,i,n’ ? t ’ , ,a e u, i h l i a  I ? ’ c I  us a- , ‘ h i ,  a l , , m ,~ u - uc l u - m m m , a  m ’ s  ~~~ , ‘ I ,’ , l’ ,’s’,,\t u - - l , m l a m i , )
t~’n th um n c i , t I m e , I, s,m u ,j tu ’ l ,i ’ ,a’m mum ’’ , . l I uI ,u ’ ,u ’m I’I,et , ” . 11 m m ,  ‘ , imn ’ l l mc u t  i, ’ m , n l m a h a m n u n  ( I I ’  t m ,  uasia.aI u - u I , ’

,inn ml ,mtne ’IIs Ii,’eimi~, ,a mn ci T s.a’, [ i t t , I ‘I,’ I In s s a t  u I - ‘ i _ a l  I, - ,  a’, us ’ i .  m ‘ m u ,  c ’ ,  I, ,’ - , -, us ’ u , l u ,  l i d ,  Ic  ‘ I
5 , 111 1 1 1 , ’ i nm , ’ ,,ecj m i ’m ’ t , ! u u t i m l ,iI Pil l , ’ u ’ Ie ’mn i , ’ u m t  t tn ,Il t i m , ”, I t ’ u ’~~~~~~’~ m I m I  a i d Pm ’,’ ?,, ,aI l I I \, ”,l ~,,l

m m ,  i am, l a  eu ’s te u n mm ,it m ar, il t u  ‘ p i l l,  i i ’ ’, m ’,I~,’mn , c u m u n  i’, n m .a m n u a m t u , ’ll , a s e , uI m u ?  a ‘5 Hill,  , al -11 , 11 cc ch I n  ,u - 1 , 1
,‘ , am n -,t mc d l’ c u ’ m m a I m  , i ’ mn s n ’ l u t e , m e u , a l  , i lm c i ,i,i,n, ,‘ I iS u ’ l u I , , i lm ,i? Il _ us , ’ I’ ’’ ’n , , c ’ n m , i , c ,  l u ’ii t t ~

.Ij S l, inm a i , i n, t  I i u n u m I u , a h c u ’
t m m m u h i ’ ,‘l, ’I nln ’ m nhs  I t ? I  - 1. I_ ~) I In , m l m l , ’m ni ’ , us a - u , ’ m,a,Is n ’,t t n  - ‘, l unu e l n  ,, ml ‘,i,,- I I - , us t i n

- ‘ -l e t ti m u ,m nu ,i t , ,c l , ’o t ’ ,  S ic ,  L l - I m , j  , m d u , t  nn at m u n ,iI
A’, m a u l e d n a n  m, ’m inn m c m n m m , ’,’h i m uu i  us e i l u  heau m , s u lun ,m t i m l m m m .  t m u ’, t i iu ’h d , i , ’ ,  ,nl s l a m nul ,an, i  I’ l .aln ’ ,m mn cl  d u l l  s t u  m m ’  tic ,,” Iu ,m sn-
t in, ’ l a , unm i m e ’d ‘ m a c e  mn , a tn is is ,l e ,u,i, ‘ m m m l  ,a mol the ’ - a , m I  l mn ’e ’m u I ’ m m ’cn ’ Iu t e ’ ai ( 1  mSi u I i i s umna ) t in, ’ ‘,a ’ e m  I I, ’.’ i h e i l u  I’ -

‘,e’,la ’,l t - ‘ 1 _a ’ ,’ , I n n a t u u \  us , a , I 1 1 1 u 1 , ,  ,atu ’,t , im i m i u& il m m p m il ,m n ’le ’un am ’mn t ’’ a u i m u m u n s  [ t t u ’ t J  t Ile’ i c  , c i I ,~, S ‘i
I u a m un ,uI I’, n ’s i n ’ ,  u ’ , e s , ’ (V c t  I m I uu m lu i u m ’m i mnu ,uss mn ,a ti mum ’s. t un n,hm ’ ,‘In ’m m mu -lu I I l id  u ,t, ’ lc il ‘, im , I k I t ’ , ic n ’,i c i,, t ,  ‘ d i i  d l ?
I l , uu’ , n ’ S n ’ m h ill’, ,‘In ’ u nl, ’ m nh-m In l ,u\ In,’ I l , ’, ’ c i n ’c i t c ’ e - mtmt , imni t,’nn ’mn h she’ll line ar ee’sl lOIS tun’ , ’ mi  il m u, ’mcl ach , a hu s t (1 10)
c c ,  t I c ,  eu ’ nu l l ~ m c , e u ,u l, ’ m c ’ s i i lt te 0m m t i n , ’ ,‘l ti e’, tn~ u’,d In tin, ’ ,‘, im nm 1 i ~ 1,11 minis , t t nn ’ ann u l  m ml i i ,  ‘iii, m,t u I  Is w,’m n ’

l a im n i ~ue ’u 1 e n n ,ass ‘ ‘ u , a t m c, ”, m ite mi,mlt ’ ,  t u ’ nnm i t a u  tnuwer m m , a ha im , j I  me ’ t ’ I,i a ’mt Li’ , t , m n , t n ’ m ’ k ’ , m n n’ m nt ‘I,, u , t , ’I’, l u ,isn ’m t ann ,i tu m,lmi
t n a ’c lc , , ’ ,m, u, ’s , u  ,,,a, me, ’ m nl m ’st n I’ a - shiii n ’m s tu  mua ’ t m u n m ’l giulj r l a i n ms ,‘ m iln u a termite ’ n ’ln ’mnm , ’mnt I tu , mc e’l m’ m nnm ’nn t m l i i t e ’ n s

m u? i ,u m Il I i ,a t 1,1, ’ ,‘I,’ m ’ l n ’ m n t s hn ’ n ma i s  Ian n ,e m se ’ h t n e ’ n m n  I bias , imu n i t m i u l l  she ’ll t l n a ’ cu m ’ ,  a u m m I ~ ml t Int’ Ox iO l  5,11 , ,a m c h um cu t
, m f m ~ u’af nn m e ’si, s i n ’ tIn , ’ lm i l nm p n ’cf m nm, a, e s l ea ’ , ~1s , ’ inu, un, ’ c l,5111,i, ’ n mnu n Vm Ii, I ht’ vi hu a tm omns m a t  Iur bum i m’ t’ Ijdm’s m a m a ’
,e a ’ , , a m ,uh , ’ “ m o ths t i nam i ,m - , ‘m I’ .Ist, ’lm t fe - m r l m l mu l ,mt u am m i 11. 14 ) bn ’e’n n unmm imle ’ i, ’c l ,ms t t n u e ’k , u e u s - ,’,i sin n ’lIs ( 1 7 1 !
‘c i ,  mc iu 5 ‘Il.umu s I aa i m t i na n ’ , g  5, i m a ’lll,”c ,u m ma i unm i un u n ’rma - ,il umn t e ’ qm ,u

— tma ’ m n mmml i ’s t n , us u ’ Lu l l, n’~ ,I unmum n m ’mf i~~n a , m e m , m , ,tnie l A m nu ,unu tu m ’m mi t In ’ , ’Lnm mel tunni t e ’ e ’k ’nm ua ’ni ts have’ Jls cu Lue ’t’n
a ’ e l l m ~c d h , a t u , i Im ,i? ‘ c m - _ I  1 1 ,‘?~~, I I? ’  1’L~1 cO m et ten ,mmn al ’ ,- ,’m’ th e’ vibr~ tuoni c i i  shel ls  Ilyb, ml tu ,, um i

gum lam t lot 1n I ,nt m ’ e ’lt ’ nmn a ’ ru Is with van u,tt) It’ thick ness
Nmun luiue ’ j m ‘, utin ,u~ c, u n’, u t  I tnumn n ’Iatehum ’ plaIt ’s tn ,i~ n ’ tiem ’nn Ii ~~ 1 _~‘I1) wm ’m m ’ a’c,t enele’el to t i e ’,ih a ,‘s I m m m c t m  c _ i l
“ m cI e c i , m t u ’m i  Ii’, tin, ’ t , m n m t e ’ e ’ le ’ mlm n ’ nn l  n n m , ’ t im a), l  ( 148  1 St - u i  shall (1 / , ‘ . 1 73) - 1 h~ me ’l~ t mvt ’ ,ac ’ i un, a u ’in ’s u u i m cnm iteis te ’n l
M a ’, 1149) m e h u u , f , n ’al t im, ’ n ’? I,’, I u l t  ,l n ’ a l I n l n ’ t ,  cu n n m unn l m mne ’,um ,amn d lmmu n npa d nmm,us sn ’s mm ) vibm,i tu on ’, ,in,ilyix’s imn v mu lvumn a~
ml ’ ,  ,mmn ti m1 ’ )‘m ’m ia ntf u t  t m , , ’ s c t ’ i ,ut mum ’ , a n t  t ’ l, ih m ’s ,umitl in ytu m al t u m n u t u ’  t ’ lu ’um na ’nIS tn ,ivn ’ lu n ’n ’un s t i i , Iue ’mi [ 1 1 4 )  -
li, ’. i , ’ e s  I hi’ I ,“ec II ’ , us ,’,,’ si n, ’,’, 1 ,iS I’n ’m cml , m, mu l m l u tu mm te ’ ,ms h,nv,’ urm mnil emn , ’,mm ,n’m us ’, m o n o - l u  Ii v , l , m, i tum im is enf t h in
p i p ’ ,  ,imn ml , , u m u m ~ ‘.em ,‘,i u S e t  im h i m , ’’.,- c ’ l ’ t , uunie ’ml l’s t’n ’m t in sfne’l Is ci t mn ’s-m i tail mt - mi -u Ii I~

_
~ - 175)

hit  m, n,, c a l m ’, ‘c I l  , unn ,t 1 u , i f m m i c m  unn n ’ t tnu ud s his ’  u ’ t t u ’u Is
‘I mum l u? , mm n , ’ SIIu ’,il t u t u ’ l’ ’ i , l e m o n  ,Iun a l n , it , a n 5  u ’ n , ’ n t , , u  munn S \ - I n u l m l a ’ t m  em s t m ii, ’ h m e u e ’s el~ ncut ,ulw,a’, s v i b m at e ’  un ,j te’, ml

t t n e ’ tI, ’ s a um , i I s u t ’ m , i t , a unm c i t  l u m ’, ui nm m, ,m nn ,f t t na m n ~mI, ite ’s ll ,i’,-,’ mll ,’tr am - m nuoulm n (’m - s tu ma a ’ t um ru ’s u -mu nnta ,,,irn i unm ~ut, ’ tin ~ ni om i,’
hn ’,’mn s t i m , t i n ’,i I t  , n1  II,,’ , n h u ~~n ’ti i ’ l , i tm ’ n ’l, ’ u nm m ’mil sv,Is Is- lu , ’ cii sln m ui - tu ur ,n l elm ’nnnent m , mm n s - mt ’ n , i t a ’ mn m nmu i nme ’t u nn ,t t
m 1 m ’vm ’I,m in,’ a f t e n  s t i i ,t ’ ,  h im, ’ n n , m m n l u u u m ’ ,u m l’n ’ m m u f u , u , n  ,n’n,f s-u t ’ , ,m , ulml n ’ lnmaiel , ’s 1hu~ i ,‘ m n v,’nnu ent ,nsluto’ts au te’,- lm u u n l , ’ h m ’ ,  arid
l u a u ’ ’  ui  h i m , ’ ,  in ’, t , , ns i uu l , m n ‘ l a I n -’, ItS Ita,1 14 1 - 14)) ne’i nt ’~mtahi lmty , u nn ’ t h u s  lost urn s u l n u , u h  ,,uu n ) u uci t u l e ’ mmnS ,
a_ t m I i u u ’ ln  , ii ’ mu t ’ l ,i t , ’ ’, h,isn ’ ,ili, m u t ii ’m ’m n s huumlua ’ a f 11 ‘III - Iuuat a c m  I,iu mi Sm u ngi l i f  ec , I tec unn i e ,II u ’ ticuteteil - ule’ Ii /6 - 1 791
151 , I ¶ ‘ , t l  In gemwu,m l thi’ ieolaa t im m m - m ci i ~ vu hi~ l ai m turo t nk ’ m nm

m’ a l aumi i ’ s  i m nc nn n ’ ,‘c iu nn p ma t ,m tu ci r ’ , ,ml n’ f icn m t ttnan m i d a s  the’
S,’,.IIs~ A n n , c e m e l u , , a u t  ‘,n mn ’l , ,m nn she’ll ,iim ,ul ’,-sm,e tn, iv n ’ sm u l aa tm m nnn cii ,in e’c l ami vOlc ’nt s t a tu c prohlennn However
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at as gnat tying t hat reasonabla’ ,uu m - uan ,s - y m m ?  emgtnnvalutms the earth quake resistant ,Ie ’Sic l mm e)f unu ctanar m t mau to r

can be achieved wath fewer m ft uq re ’ems of trotndcnmu than sIn iii -t ti res I 7 11 I

,mm cl ntnedtid for a sl~aI ic sal cat ion-n In onus 1180, 181)

me n ia)ap ’S t e a  I a proala.’dta(e that m a l i lm ~es the lumnu ~ med umuas s
i e l m  i d a ’ )  II to t’m c u rum m mm l  u / em a ’ um ) e ’ m mv, a eat ’ comnnputat uomn mum ACK No W tkl)( ; F: M KNI

vabrat e on ~im mub let unus
the aulhou Wisfi m’ s Ic , a I x l c u i s s  liii, s um l m , m u t ,  t im ~ nnks

to his m eulla m am t i ae’ , Du C W Rennl , ta _ mm helpful m u i l m d u n u a ’ mutS

STR U CT U RAL VIBRATIONS on tine il,al ua ’ n

1.15*1 ci  t lint ’ finite a ’ mIm la’,) I a_ m u d hod to ste ad s’ the u an
darn vibrations ut s~m , ui  1,0,5 has t ua ’ a ’ m n e t , s c ui ssa ’ut
(186) Nma n n n emim ’al utuethods tman lreal ung ( i yn , annumd i,

at large st ru le - l u m m al syst m,mn is have’ basin n evaewed an ,u I H men) mk mitt , A . 
‘ - So la _ a l i t  in) ut I’m cmli cn n n-ms an I l,as

paper in which ~a da ’tc miltnd al gt u mmt hm i ,asufl q ~ m ui b ia _ t i u aty by Ihit F n d m n - mu,nwm ) m k Ma’Ihoul .’’ J At uinl
interpolation of inertia forces and tam i at t t  eIIe ’ ulua ’ m ut Mtne:h , Tm , u mns ASM I , 8 , pp 169 1 /1, (1941)

aI)p(Oai:h was presented [ 187)
7 Cutau , iuif , H - ‘ ‘V a m aatuon ,m I Me’thocls to n the

Papers have appeared on lIne vibratunrn c c i  t aamho Senlut ucuma m mt I’n e u t nl c ’unus of I n l mau l at u r  earn ,  ,anad

machinery bladtns and natal m g  ml is’ s floF cliii sin ,arnd V alum ,mh am ann ,’’ Built Anu m enu Maifia’ Soc - 49 , 51~
Hawlani (188 1 cased the f innate e ’ I n lm n la ’ m l l  mnbt”thnnd to 1 4.1 (1943l
d ,‘t a ‘ m I n I  a mu , ’ the nat mural In eq uenc adS C) f n e)t at un i t, t i nt’

twisted , cant ileve nuecl blodtns nnnomun ted (in) the lia r a ,~ An qym as , J H ,- innci kn ’Ic a ’y S - l mma ’ n u t ~- I Ii , -,

~nhery of a mutala ny dusk ,aI a steiqqt~ned angle l int’ ,a m nct SIn mu , I mam , ui A ni,ily si ’, Ili i hIu ’nu ’ , - cul tIn Si i

blade was treate d as ,a shell with ) Is nnadd le ice n f,d a’ Pmabl (I 9(101
divided unto In uangea lar efe nnnents . sat , ’ also 1189 1
Axa sym nnn ne t n m c f l auxma nal  vabrat tins havam he’e ’n) em mn ~ Iy - ’n ’ut 4 I u i n man n - M , Ckam ,u ;bu , H - M,im mn . H , , mlmi i  I m ul l l n .

easu m ’nq rd m nd l  t un, t e efc m rmann ls 11901 I iuu’ ,‘ t i u ’ m - t  emf a me n t , ‘‘Srilt u ,, - cs ,aruui I ), ‘ t l~” l u , m u i  Ann,~lyt ,ms of C c u i l l

cyem u llla ’t i am an - planu’ h e n r i  a ’ s m i e u , ’  Ic - u a sa ,al me u t al in n s ,iu~ f I ‘ In ’s S I r ’ ,  1 mmm ’s . ‘ _ t ,Aa ’ nu a un ,a i ih  5’ , , 
I
~~i~ PP

shrink f a t s  were a ne- I , icl a’ nl an 1St’ ,a uu ,u i y ‘mis Ivu cue t , ’ Stuatut’i, RI)’ , 5_ u - I 1956)
and natuam al l r a ’ c~ e u a ’ n m c  lu _ s oi 1St’ i iil V m ’el blanfe’s ail
Darn meus-typan wnnd mm ma t h m o tors m, ava ’ been-n t u me ’ su ’ nmh c ’ d l t m CIotaa~h, H W , ‘‘ It - ma ’ F timId t ta’ m n ,a ’unt M,’lt nmud

[191I Char muas [192) fo u nd that the ’ n m a m nma ’ r ,m al a n n FuI,trum , SI, n’’,i, Analysis ,’’ ASCI 1 S t m e u m
results obtained by the NASTRAN finite elenrrmer it Div - I’m ,,, 2nd Cmnn l I It’, t n m m n u a  ( m i u l l l m c i t , m t  e m Il

pr ogram were in ra’asonatulmi , uit ma m u l mmet ’ ni t  wath lnl , , is duna ’ ( t  ~~ :145 .178 11961)1 ,
vubrat ion in a ’ c t , ua ’ n i c  a’s and un-moda~ shapes c u t  , c ’ l~ I’m ‘s i tu ’
tam blad es Bhaqat and W ihll nd ,’h (193) çnreseliled 6. / ia’nl’ .m, ’wu , , , 1.) C - Ihe,’ b mmna l a ’ I I m ’n m , u ’m u l Ma’ Itme um i ,

v ibrational finite m m I a ’ , m ut ’ nt analyse’s oh tulanmar m nma ’ , h- Mi (~m, uu\ Hilt 119// I
anusms; sam’ also (195) -

/ I )m’s ,ii - C S ~nd Ab el - .1 1  - 11 , 11 i u ilim , I mo~m Ia’ tInt’

Natural t nu ’iquannnn- me s tat Im os type’ s p uam la ur a ns bm , m vu ’ 11, 11’ ’ I l, ’ nn , emmnt Method , V amn Noslu mnmiel R e - um i

been anvesti qated by the’ hinite l a, la’ ricua y nt mmm e ’ l tnmu , l  t~mnld 1 19/7)
(195-1981; vibration analyse’s of ship stn mau t t anem s

,una available (199-203) - Finite’ e’ Ia’ uno’ unl vihu ,nhueun 8 Omi n ’ mn , ,t I , I fl ut e ’ I It’,,o’m~t uI Nm ia _ r lml lu- ,il

anal ysis of e~rIh and toaandat aon slu , i u li a m e’m c ‘,,,, iu ,a’, Cu u i tu lm i i , i , Ma_ C raw 11 ,11 1 197?l
darns has ha’a’n disn uassed an v,um i a u e u s  su m vi’s’ ,am h i ,  la uc

( 204 207) Vibrat ion ,im i , i lys a ’c cut flight va liu m tn 9 M,nnlmui , Ii C ,nm nel C , m nu ’y , C F , Inu l rmum i mu ,  Iaom i

S t r a u a - t i u r f S  and lmq iau cf ~urope’llaniI aiim,, Ii vi~hui 1m m. inave’ te n  I m u te ’ F Ie rmme ’ nu l  Alu,il’, Sec I in u ’,~,’, , iu mei

appeared (208-209 ) An ex lensnva ’ sl i mv ~’’,- mn i  the Ah i Iut, a ,atmo n , M ? n, u us f l a I l  I I ? I/ . II

i ,m n , b , ’ oIntm ent analysis of reactor ve’ssels iu ,ms been
given (2101 , as has a scarve s’ of the principles of 10. Bme bbu,n , C A and Ct minom - .1 I , I i m m l , I , a c I I , ’ m ’ I a I ’ ,
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365 (June 1974). Propellant Launch Vehicles,” NASA Tecti.

Note D-5803. p 57 (June 1970).
199, Hytarudes, S . “Calculation of Vibrations of

Ship Structures by F E M.,” (In French), Bull 209 Kvaternik , R.G , “Considerations for the
de l’Assoc. Tech Maritime et Aeronaut , 68, Application of Finite-Element Beam Modelling
pp 625~655 (1968) to Vibration Analysis of Flight Vehicle Struc-

tures ,” NASA Tech . Memo , NASA TM X-739 -
200. Hylar ides, S., “The Finite Elemen t Method 80,p 100 (1976)

in Ship Design ,” (In Dutch). lng. Arch ., 81
(51 /52), pp W269-W280 (Dec1960) 210. Zienkuewic,, O.C , et al ., “Finite Element

Methods ri the Anal ysis of Reactor Vessels,”
201, Wittbrodt . E , “A Hybrid Method of Finite Noel. Engr Des., 20 (2). pp 507-54 1 (1972)

Elements Applied to the Calculation of Vibra-
tions of Nava l Struct u res ,” (In Polish), Rot ’ 211 Newmark , N M., “Earthquake Response Analy-
prawy lniyniersk ie, 22 (3), pp 369’385 (1974) . sis of Reactor Structures ,” NucI Engr Des.,

20 (2), pp 303-322 (1972)
202. Hylarides, S., “Transverse Vibrations of Ship’s

Propulsion Systems; Part 1: Theoretical Anal y-
sis,” Int l . Ship Building Prog.. 22 (252), pp
275-288 (1975).

203. Armand , 3.1 and Orsero, P., “Ship Vibrations -
A Numerical Approach,” Applic. Computer
Methods Engr ., I , pp 729-737, L, C. Wel lford ,
Jr . (ed ), Univ . Southern California , Los Angel-
es, pP 729.737 (1977)

204 . To lkachnik , SV. ,  Natar iuss , Ya. l ,, and Lesh ’
kevich, GA., “Investigation of the Effect of
Yielding of a Foundation on the Frequency
and Mode of Natural Vibrations of Dams by
the Finite Element Method ,” Hycj rolech .
Cons f r ,, ASCE, 11, pp 1078-1080 (1972).
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BOOK REVIEWS

FUNDAMENTALS OF MARINE With this much material , the text book-writer has

ACOUSTICS two options. He can provide introductions that
emphasize the complexity of the topic , limitations
of the theories , except ions , and unknown areas in I i

,J W Caruthers or der to prepare his students for actual situations
Elsevier Scl~’ r 1 t I f I c  Publish ing Company, NV (1977) shouid they wish to foll ow up a topic in detail

Mr Caruthers has taken the other course , wh ich is
to strip away distracting details and to present each

Volume 18 of the Elsevier Oceanography Series is topic as a simple , comp lete , and understandable
a textbook for graduate students and upper-level whole. This gives the student confidence that he
undergraduates It is based on material taught for can master the topic as presented but leaves it up
sever al years in graduate course s and short courses at

to him to discover limitations , exceptions , and
Texas A&M University and was originally published extensions later . He can do so from a firm basis in
as a Texas A&M University Sea Grant Program re- the fundamentals of each topic; the first option
port. In this form it was used for several university tends to produce only confused students .
courses both in the United States and abroad .

The history may explain in part why its quality as Experts in the various fields covered by this book

a textbook is so high - -  nothing beats hands-on can easily point out omissions of detail; e .g., for-
experience in teaching a subject to students while mulas cannot be applied as easily as indicated , ex-

the book is being assembled for use in teaching. All ceptions have been ignored However , i t is instructive
of the important features of an effective textbook to see how the author has selected a segment of

can be found in this volume- a short and useful each topic , explained it , and provided examples.
index , a bibliography of reference books , a selection
of important references given as footnotes , problems
at the end of seven of the ten chapters (with answers One drawback is the text ’s apparent age- a penalty
to selected problems in the back of the book), a of assembling material for a book over several years
coherent arrangement of the material into topics , of teaching a course. Most of the references , for
and clear explanations throughout , example , date from 1957 to 1967 . The book also

uses a hodgepodge of units -- miles , centimeters ,
pounds , dynes -- reflecting the different conventions

The topics treated cover all aspects of sound propaga- originally adopted by the fields covered The varia-
t ion in the ocean; environmental factors and civilian tions may be troublesome to students , wh o are also
applications are emphasized . Coverage is nearly required to learn things in units which, it is l oped,
comp lete and includes, transducers (piezoelectric , will disappear in the next few years as the Systeme
ferroelectric , equivalent circuits , underwater ax- Internationale becomes fully operational in the
plosions), hydrophories (calibration , d irectivity, cavi- United States . A few SI units are indicated by foot-
tation), phased arrays , the sonar equations , propa- notes.
gatiori (refraction , chan n eling, shallow-water trans-
mission , attenuation), rever beration (volume , surf ace ,
and bottom), no ise , and signal processing. Chapter 6, The book is highly recommTlended as a textbook
the longest chapter , tre ats such important topics for teaching a com prehensive introductory course .
as the wave equation , Helmholtz ’s integral , the The chapter headings and index make it useful as
eikonal equation, ray theory, reflections , inter- a quick reference to the basics ot the topics covered
ference , and normal modes. The discussions . examples , and problems also make
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i t st i it~bk’ for self study i’o rr ipmessi bil ity are introdu ~‘d - and both normal
and ob lique shock waves ,irc explained Irivisc ud

H L. Burt theory us completed with a linearized analysis of
Code 8406 slendeu bodies

0 t ’~i i i te huiolotj y 1)ivisioui
Naval Ht’si ’ ,ir ih I. aburatory Chapters 14-16 consider lam inar viscous II inds ,

Wash in gton , DC 20375 and Chapters 17-19 deal with turbulent phenouriena.
Concepts pertaining to viscosity in general and
botindai y layers in pa rticular are intmoduci’d - and

FOUNDATIONS OF AERODYNAMICS both incompressible and conipressible laminar bound

BASES OF AERODYNAMIC DESIGN dtY layer s are analyzed . The rrieaniiny of transitiuri ,
includ leg the factors that af fee t it and the turbulent

A M Kuethi’ and C -Y Chow I ii’)d it causes , are des -r bed The book ends wi h

,lof in Wiley & Sons, nt - 
- NY (19 7C) a chapter on the var ious ways that different boundary

dyi’r controls rimethoc ts carl be used

This is t ilt ’ third edition of the classic , F utt r idat iou Chapter 1 o ver s the basics of fluid proper ties and
t il Ai ’uott yr i , i rr i it  s , by Kuethe and St-ht’t:i’ r - the f i r s t  fluid statics. Chapter 2 describes the kinematics if
two editions of which were published iii 1950 and flow fie lds Chi,iptt’r 3 contains a der ivat mo rl of the
1959 r t ’s it t ’~ tv ’I y I he third edition is essentia lly basic equations o f I r iv is i  ill flow fields. Chapter 4
tiuit h1uruged it is a b,isut fluid ufli’t ’h,iuitt s [10 1k rrw ,iuit deals wit h f low tiut.? to SItu i (‘I’S. dipolt ’s . you lien s, and
t~ u an un dergraduate f i r s t  course in fluid niec haumu -s. f low f ield about cylinders , it contains a n u m erical
It I an also ser ve as ,u met e r  unI t’ for the t ’nrqint ’t’r in anialysis of flow field about generally -shaped bodies

— riced of in for rii ,ml ion about t hi fimridariientals it as developed by A M 0. Sin it ii Chapter 5 covers
t lnid iris hjri ics and fluid liii i -i’s The exte nsive the aerodynarilic l ’li ar ,m t ’t(’r sifts of S y i r r tuu t ’t i it ,il arid
biblio graphy will hi’ useful mm invest ig,utior is req it ir im ig ,inilii’ met .f t in foils and tit.’iii ’r,i l i . ’t’s thi s vito a riurr ier i-
dt ’ t , t ’ ls  about ari as that ,irt ’ e tv t ’ i r  I iii sory t ’s lu ( i s l l i t ’  t al 1inafysis for moore i ’orrq rlt ’s shapes t ’t ijp t t ’u (~
ri t hi’ book I outs iders I ir l ite wings, wi th arid without twists , and

JesI hi’s w ing sta bi l i ty  and the ir itcu fur tiri -e I ~~ ‘ l is
the mcmiii ii tl t ’i I’ll i’s bt’twei’mu this ,irid the Pr ’s 1115 . 11 w l r i ls . ground - ,ircl ” or wind tun n el wa lls Cfia ptt ’r

edition ,Ire t h a t  the p,iriel method us iism ’d to i ’~ ,II i ,i It ’ 7 iritrodut -es the t ’! ie~ ts  of t ttrilpit’ ss ih i lity in both
flow fields about q t ’ uui ’ r ,u l l y  sli,ipt ’d bis f i t ’ s , m i ter liii ’ onhi numt y and the I’ l l ’ r r l t ’ r i t I I I r l  i’qtI,ItlI,iIi Chapter
at - lions bet weeri d i f ferent  shaped tritti us arid l it ’ 8 c-u rit a ins ,i der I vat ion of l i t ’ ellen qy eq 11.111 on fo r
biirtnciary layer i-ontro l  theony , m n e dust r bed , t i l t ’ (‘OriipresS ihlt3 flu ids Chap ter 13 l’l’li td I i lS  SOl i l t I l i m iS
use of ni ir mi u’r utal lti .hniqitt ’s in solving aria lytn:al for liii ’ f low f i elds about the I,aval ‘io ‘h’ as wt -l l

I ir It) lt ’ r u s  has bt’n’n us pauidm’d - the metr I C sy ste n is as so lot ions or one -di ncr isi ona I f lows with ,mnd
t,st ’iI throughout , ,uri t i none tmrohlenis have been without f m imoru  ,ind wi th am id without the add it ion
added ,it the end of every set’ t iorl 121 tut,i) ,us of he,it Ch,upti ’r 10 i m r t r o  hut t i ,  arid (hIs~ t isst ’~, nor r r r ,il
opposed to 168 ) JrRi t t h l iq t i t ’  510)1-k w,uvt’s In I ir ,iptt ’r 11 tin t 1 i i m i

pR’SSublt’ l b  iii t ’ql ,it IUutS ,ii t ’ I 10 , 11  I. e l  l i t 5 r  i _ i l
The hot ii, is divided inti two par Is levi si id I hiton y per U im bat u Ii Chap Ii’u t ,~ t h ese t .1110 ii, .111 ’

( Chapters 1 13) and vtstt tLIS theor y )Cfi ,i iitt ’rs 1’l 113) used to iui,ily. t ’  ,, to i ls  in subsonit t l , i m u ~ - ’ uu i  - ,mutl
lii It ‘‘ , i t louis lt t ’t wt ’t ’il lit 5 5 ,tnil V ISI  - r i ~~ lii nibs t i l t  - 

~1 1 1 51 ‘51110 I, os,~ I f1 ,I$t lt ’, 1,  1 o l i t , m i r r — . ., ~ti t loris ti
1,11 I luislIh t ’ mt ’ II liii ’ rivt s i . tif idr t iii the l’ s t k  liii lilt ’ ‘ t ti~ ’t ti f St, t ’i’pht ,it .’k , i i t ,l 15110 1 1i, ~ l,tt~t ’ t t -  ‘ ‘t ~ i’ i , t

l, uum i’ ; Sis t h,g i ’ is In n to t  t t l t , i ’ u t ss lh l l t ’ 111,1(1 ,imm d ‘,t ’t ’u l l ~ i l lS i f l t  tiuliput ’s~thIt ’ ih t.s’ ic~ fs
un t t r i l l  ii t’s’,it t l i ly I lit’ li,t — ,ii I III t’;’i 0? I luit i
t r , I r I t ’ r  I i’ —, m i t ’  i r i t r t r t j t i t  i ’ll i n t l thi ’ It ,tss l’t l u , i t I t  Ill’, I tt ,i1~ i_ ’ l.~t t i l ’ l  IIH. It ’l t, t ) t I I u t i ,  II Ifs’ 5i Ii,~I’ , l_ I I

l i - n i~~t ’ ii lu st i t ,  t i l t ’ , u i r f t i i l  ,im iut t h u  it~ ,u t i i u i i t - I,i~ ‘u ‘ t I _ It i t ’ . ,- - . 1 i~~- 1 551’- . t f n’  t toOt - i t t

wi uimj Both flit’ aim foil ,mnud wtr mq ii -  ,Imialy ‘ t ’t i  in itt ~’ of  Uotv I tt ’ids I ti ,tp tt ’r I S II ‘ ‘ n u n - , 5, t ) ut  i tur iS Iii
li n t t t u r t f u u i ’ s s t t t l t ’ inv ist - uuf t l t t u i , the t u i ’ S S I t u t ’ i h i s l u  1 ) 1 1 1  liii l l n i n l h i l ’SSIln It ’ vlsi I’ t I S  i i ttw  t telds ri to ts ’s i t - I
tuou ,u lxi t u? t’,it’fi tu ti tly is t i btau rtu ’d rhe t i l t -  -, t i f l i t  u),It t ’s ,tmu t l an uniti tti U t l u t e  i the \It I r i  i-_ I t~ r i
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integral relationship and its solution by the Pohl- V ISCOELASTIC ITY
hanise n ,iui.ilysus Chapter 16 is an in troduction to
lam inar boundary layers mm wnuipressuble fluids and W . FIGgge
1 oni t ieris ~inmm e smntpluf,ed sofutiouis Chapter 17 i5 Spninqer-Verlag (1975)

,mn e ~.t url leui I u u nt n oduct ion to transit ion phenom riena
that uccuu as the boundary layer goes frorrm lamm uunar
to turbulent I he phys~ a) phe’nounienon us dest-nubed ,
as well as the fat to ns that affect the’ t rauts ition - -  The book is an introductory text on the linear theory

-
~ pressure gradient , suction , hi’~it , t.ompressibility . of v,scoelasticty. The stated oblective ot the book

noise, roughness , arid surt ,w i’ curvature Different is to present “the theory of viscoelasticity as an
experi m ental techiiiqumns for dc’ti ’t:t iultl transitio n are instrument of logical analysis. Btisic assumptions
also discussed Chapter 18 covers turbulent shear ,ire plausibly explained , and mathematical reasoning
flows It includes a gene ral description) of turbulen ce is used to derive results from them , which are deem-
and solution s to the su im uple flow field; u,e , fully ed of Interest fur engineering tasks,”
develoited flow s iii tubes arid channels and boundary
layers oven flat plates. Chapter 19, the only corn
pletely new chapter in the book , deals with boundary Indeed the book us meant for those who are interest-
layer control over aurf omi s by suction and/or blowing. ed in applications and need an introduction to the
Multi-component airfoils are analyzed , and sours’ sub ject of mechanica l behavior of simple structures
results are presented w ith viscoelastic properties under various types

of loading. In this respect it serves as a very useful
Although the book is recognized as excellent for the and readable untroduction to the subject of visco-
areas included, it is regrettable that the authors elasticity, The author has taken great pains to explain
chose to restrict the scope of the book to aero- and illustrate (by examples) the difference in me~
dynamics. Many different scientific fields now chanical behaviors of structures obeying different
utu ll/u’ the equations of mriot ion and the techniques viscoelastic constututive laws.
originally developed for the aerodyuuai i i icust. Dis-
cussions on the ,ippImc~t iou of these te -hniques to
Su~ t m fields as hyduodynar’nics , acoustics , blood The book is divided into eight chapters. Chapter 1
f low , aq uat ic aniinnmal propu lsion , tides , at m ospheric is a discussion of various viscoelastic models obtained
boundary layers , r,otar wind flows , wind turbines , by a combination of springs and dashpots, Chapter
and matheuinatica l models for weather prediction 2 is on hereditary integrals. Chapters 3 and 4 deal
would havc been a welcome addition The unclusion with viscoelastic beams, Vibrations and wave propa-
of some ~f these topics, even to the exclusion of gat ion are discussed in Chapters 5 and 6, and buckling
certain information in the book , would have inn- in Chapter 7. Chapter 8 contains a brief treatment of
rmuensely expanded its usefulness , three-dimensional problems.

Or, Mauro Pierucci S.K. Dana
Principal Engirueer - Dept, 443 Professor of Mechanical Engineering

GENERAL DYNAMICS/Electric Boat Div. University of Colorado
Grotu n , CT 06339 Boulder, CO 80309
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SHORT COURSES

1979 Contact Robert Kuofer , Training Manager , Spectral
Dynamics, P0. Box 671. San Diego, CA 92112 -

Tel 1714)268-7100.

JANUARY
TRAN SM I SSI ON UNE INSTRU ME NTATION ,
DATA ANALYSIS AND DESIGN

NONDESTRUcTIVE EXAMINATION Dates Con tact TIT for detaIls
Dates: Repeated cont inuously thoughout the Place Ibid

year (1 day to ,Iweeks) ObjectIve Severe 1978-79 winter winds will further
Place ’ Los Angeles, CA endanger vital USA high-tension electrical power
Objective ’ For those requiring qualification and gr ids Wind caused vibration of transmission lines is

- , certification , theory and pract ical applucatuon courses the central concern of this new course. Wind-induced
are available for either one or all of the basic tech- vibration failure modes include Fastenings within
niques; Ultrasonics. Radiograph in:, Magnetic Partic le , insulator stacks fat ugue , dropp ing conductors . Tower
Liquid Penetrant . Eddy Current and Helium Leak . structures fati gue and/or loosen, Conductors crack;
Also Special Radiation Safety and Radiographic if cracks (often accompanied by fretting corrosion )
Film Interpretation courses for Level II and Level l i i  penetrate sufficiently, conductors would break and
training are presented. The selection of courses us drop, and Dampers commonly fail and drop ott the
also applicable 10 those who require engineering lines. Utilities a~e usitig acce lurronrieters and otf ier
understanding, supervision training or state-of-the- instruments to study conductor n’notions. Measure-
art developnment . ments demonstrate which dampers are most effective .

Contact. CA. Parker , Nuclear Training Center , Contact . Wayne Tustin , 22 E. Los Olivo s St..
Atontics International , P.0, Box 309, Canoga Park , Santa Barbara , CA 93105 - 1805) 963-1 124 .
CA 91304 - (213) 341-1000 , Ext.  2811.

STR(ICTURED PROGRAMMING AND SOFTWAR E
VIBRATION TESTING AND DYNAMIC ANAL YSIS ENGINE E RING
OF MACHINES AND STRUCTURES Dates’ January 8-12, 1979
Dates: 13 seminars throughout the year Place. The George Washington University
Place: San Diego, CA Objective ’ This course provides tip-to-date technical
Ob~ect ive : Individual seminars will cover such wide knowledge of logical expression , analysis , and inven
ranging subjects as machinery vibration , structural tion for performing and managing software ai chitus .
deforunation and response, analysis of the modal lure , design, and production Presentations will
behavior of mechanical assemblies sub~ected tO cover principes and applicat ions in str re- tunes pro
outside forces, and the application of vibration analy- gramming and sof I ware engineer m g .  including step

I

sis to on-line quality control in the nuantulacturing wise refinement , program correctn ess , and top-
process, Cost effect iveness will be stressed throughout clown sys te mni developniient
the entire series, including down-to-earth discuissuons
of how vibration analysis t ~ini save rnionttmy through
preventing rna .hinery failure, eliminating rosIly Contact Con tinuing ~ nquneermnq F-del l ,ituufl Pro-
tesfing of engineering prototypes and improving gram , George Washington University. Washington ,
product reliability thnough scientific design and D.C. 20052 - (202) 676 0106 utr toll free (800) 424I n
testing. 9773

L
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EN V IRONMENTAL A(:ousTlcs V IBRATION ANt ) SHOCK SURVIVABILITY
Dates January l O b  March 21 , 1979 Dates February 5-9 , 1979

( Wedne sdays , / 10 p umu ) Place Ttistin Institute of Tech , Santa Barbara
PI,ii ’e ’ UCLA F xte rls iuum , Los Angeles , CA Objective Topics to he -overed ,irin resonance and
Oblect ive I fiis i n n ii u to’ will t ’(cver ,~~‘oust it

. nn ls nas i i m c f ragi l i ty pf ienionmue’na , amid environnient al vibration and
m erits , noise umietrics arid hum an cr it u ’ m a , sound shock mr le a sumenmit ’ nt amid analysis , also vibration and
propagation and attenuation , vc ’f iii in and aircraft  shock env iro nrm lental testing to prove survivabil i ty.
no ise , sound in rooms , acoust ic properties of mnateri This course wi ll c um li ’u ’ u n t ua t e  upon equipments and
als , transmission loss, ducts and muff lers . sound techniques , nj t t i t - r  that u upon mathematic s and
traris ummussi o ri ri buildings , vi bration control arid c umi theory

pact isolation, sound reinforcement , noise law and
emivirurimmi ental cm pu t t Cc niOdi t W dym c t n T ust in , 22 F - Olivos St , Santa

Barbara , CA 93105 (805) 963-1124.
Contac t Barbara Marc us, UCLA E~ ters suo nu , P0
Box 24902 , Los Angeles , CA 90024 (213) 825 -
1901 FLOW-INDUCED VIBRATION PROBLEMS AND

THEIR SOLUTIONS IN PRACTICAL APPLICA-

TIONS: T(IRBOMACHINER1, HEAT
SHOCK ANt ) VIBRATION ENGINEERIN(; FOR EXCh ANG ERS AND NUCLEAR REACTORS
AEROSPACE SYSTEMS Dates Februauy 12-16 , 1979
Dates January 9 to March 20. 1979 Place The University of Teminessee Space Inst.

( Tuesdays , 7-10 11 mu .) Objective The ,iiumi of the course is to provide
Place UCLA Extension , Los Angeles , CA practi cm mlg engineers engaged in desigmi , research and
Objective This course will c over each facet of shoi:k se mvi c :e , an in dunt ntfi backqmound amid exposure to
and vibratio n engin eer mu l l mi aerospace sys te ur is various pruble nmis and sol u t io n techmiiqoes developed

imi m c- c : u ’ m ut  year s Topuis to he wv c ’ rc rd will be the
Contact Barbara Marcus , UCLA I xt e um suo n , P . O f u indam m uental prim icip les of unsteady fluid t low ,
Box 24902, Los Angeles , CA 90024 - (213 ) 825 structural vibration and their interplay, review of
1901~ the morphology of f low induced vibratio n; state -

of -the - art discussion upon theory, i’x l)i ’riu llental
techniques and t hei n in It ‘ía it  11) 11 - mil e ’ t hodo loqy of

FEBRUARY alleviation

Contact Jules Bernard , The University of Tennes-
VIBRATION AND LOOSE PARTS MONITORING s t t ’ Sp~ c t ’ Imis t i tc i l t ’ , Tullahonia , TN 37388 - (615)

SYSTEMS A N D T E C H N O L O G Y  4550631 Ext ,27 6 on  277
Dates: February 5-8 , 1979
Place - Los Angeles . Ca l i f o r n ia
Objective A course designed for users , utility MACHINERY VIBRAT IONS COIIRSE
designers specifying systems , installers , operator s , Dates February 26 -  March 1 , 1979
and analysts of Vibration and Loose Parts Monitor- Place Sh amrock Hilton Hotel , Houston, Texas
ing Systems Classroom instruction in theory, inta lla- Objective This i- ou urs en on machinery vibrations will
lion, calibrat ion, alarms and location , s ignature cover ~t hysc a l / ncca t he uatical descriptions , ca lcula-
analysis , m i i c nsu’ a um, i lysn s . and troubleshooting arid t ions , umiod el im ig, mea suring, amid analysis. Machinery
servicing. Practical (lemrlo ristmat io ri inc ludes studen it vibrations control techniques , balancing, isolation ,
‘‘hands-on ’’ operatu omni of egn ipm mient amid u’li-uiuipinii , will be’ ciist cisseui Tet hn iiili n ’s for

n n n ,II inm ie fault  diaquinsis and corr ect ion will be re
Contact C.A Parker , Nuclear Training Center , v iewed along wi t h  t ’ xJ ’n ir ilu ’ s and ,ie’ ht~ t~~u es b r
,Atomics International , P.O. Box 309, Canoqa Park , sional vibration mimeasuremmiemit and jI elation will

CA91304 - (213) 341-1000, Ext 2811 be i i nv euc ’d
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Contact Dr Ronald L Eshl em mi ar i , Vibration APPLICATIONS OF THE FINITE ELEMENT
Institute , Suite 206 , 101 W 55th St , Clarendon METHOD TO PROBLEMS IN ENGINEERIN(;
Hills. IL 60514- (312) 654-2254/654-2053 Dates March l2~l6. 1979

Place The Un iversity of l’enmiessee Space Inst
Obleltuve This course will concentrate on material
developed recently and provide a solid foundation

MARCH for those relatively new to the field Topics to be
(:oveced are the treatment of mixed type equations
whic h occur in tnansonic flow and wave motion ru

MACHINERY %‘ IBR ..tTION SEMI~~.-tR nonlinear solids , min ixed type elements which ame of
Dates March 6-8 , 1979 importance in systems such as the Naviem’Stokes
Place : New Orleans , Louisiana equations , the intermelat ionship between the equation
Ob)ective To cover the basic aspects of rotor-bear- formation and the iterative scheme needed to solve
ing system dynamics. The i’oi i r se wi l l  provide a fonda- any of the nonlinear equations , the advantages of
mental understauidimig of mutatin g mi iachunery vubra- hybrid elements , and the use of untenactive graphic s
lions, an awaneness of available tools and techniques as an aid to problem solut uomi .
for the analysis and diagnosis of rotor vibration
t c m o blenc s, amid an appueci atiom i of how these tei:h- Contact Jules Bernard , The University of 1 c’uines-
niq ut ’s ane applied to cou m e i .t vibration problems see Space Institute , To llahoum ia , TN 37388 (6151
Technical personnel who w i l l  benefit umno st fr o m mi this 455-0631 , Ext 276 or 277
course are t hose conc ‘mne ’d w i th  t i le  m i l t on dynanuirs
evalua tion of umlo t o rS , puumlps , tin bines , co m pressors ,

gear ing, shafting, cou plIngs , and similar nne ;hanical APR I L
equ ipnuent. The attendee should posstnss an engiuieem-
ing degree with son ic icndeu standinq of nn ic ’chanio.s MACHINE RY VIBRATION MONITORI NG ANI)
of mater ia ls and vibration theory Appropriate lob ANALYSIS  SEMINAR
functions include nuachinery design ers , a mid plant , Dates- April 10-I? , 1979
manufacturing, or Service e ngi ne - i r s  Pl ,i, t ’ New On k-unns , I ociu su ,in, u

i ) Ln iec ’l I ,,  Thus seunin,uu will be devoted to the un-
Contact Mr Frank Ralbovsky, MTI , 968 Albany It ‘,t,~’ , j nn I l  and apple ,uliou of vi bu, ituun I t -  humolo,;y
Shaker Rd ., Latham , NY 1,1110 - (518) 785 ~‘, “ ,i (l 1) n~i~iu,hiniu ’r y vibration m un o nu lo m log amid analysis

Basic, and advanced iu ’l hniques w i t h  illustrativ e case
histories and demonstrations will be dm- uissed by
industrial ex perts and consultants Topic ’s t o be

MEASUREMENT SYSTEMS E N G I N E E R I N G  covered in the seminar in c l ude preventive r-nainten
Dates March 12 - 16, 1979 ance , ruieasum ements , analy sis , data uu ’ -o rd ing and
Place : c thoe.nix, Ari,una redu ction , I l) n uiputer nuon itoning, awusi ic techniques ,
MEASUREMENT SYSTEMS I)YNAMICS m isali gnment e nffe u -t s , balani rig, mechanical impend
Dates Mami ,h 19 23, 1979 ,unce and nobility, ti irbonn ,uc ’hirii’iy hladiniq, hear inig
Place - Phoenix , Aru,onra fault diagnosis , torsional vihn,ut ion) pmobli ’nn us and
Ob)ectuve Pvocpan i emphasis is on how to increase co r re c t ions , ,md trend analysis An losli u,unenn laliu )n
productivity, cost effectiv eness and data-validity of show will ho ’ held in n on)uinct uon with this sen uit mar
data acgii isition groups in the field and in the labora-
tory. The program us intended for engineers , si’ien- Contact Dr B I, F sh l u ’ mmu ani , Vibrat ion Inst i t c i t u ’,
t ists , and nnuanagems in industrial , qovernrrienta l , and S t u b ’  206 , 101 W bhlfi St , Cl,iuc’nduui Hills , IL
educational ncn i l ,uni l , ’at lons Flirt - tm ii m l nr n~ us n ume n rent’, of 60514 ‘ (3 72 1 (154 27u 1, 1
nuechanical and bluer nrra l qnianit cr iers  are the m m a t om
topics

n ( ORREI,AT ION AND COHERENCE ANALYSIS
Contact Peter K , Stein , 5602 [ Monte Rosa , FOR ACOUSTICS AND VIBR A TION PROBLEMS
Phoenix , AZ 85018 - (602) 945 4603/946 7333 Dates April 1620 , 1979
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Place UCLA design arid calibration. Includes “hands-on” opera-

Oblective Ibis course covers the latest practical tion of municoinputel and rmuicrowmnpuiter acoustic

techniques o f corre latici mi and c c if i e ’mei i i~~’ anal ysis emnnssion system ims. This course is designed for poten-
(ordunan y, niciltiple , part ill for solvin g it oost il -s arid tial users of acoustic emniission structuui al monitoring

v ibm at ion problenims in i eh ysmeal sy ste u is l1iu un : iii ens systems
ion ne’ntly he lm et ,iIctcI i’d  to da ta l.ui l le ne t m nmj f romm i single .
mu ltiple and ihi~t uu b ui t ~d input /output systeniis are Contact C A. Pauki ’ n , Nucleau braining Center ,

explained to classify data and systeunis; umue ,us lure Atouc iics Internatuonal , P.O. Box 309, Carm oga Park ,
pmopaqa t ore bunnies, identily source aunt! ibutuoris; CA 91304 (213) 341 - 1000, F xt 2871.
evaluate and monitor systeni properties . pnu2dt ’t
output response s arid noise conditions. determine
nonlinear and nonstabuonary e ’ f f e ’ uls , and conduct
dynamics test programnis

Contact P 0 Box 24902. Continuing Educat ion
in F nqineeriog and Mathematics , UCLA F xtculsion ,
Los Angeles , CA 90024 ‘ (2131 825 3344/825 1295.

MAY

STRUCILIREL) PRO(;RAMMIN(~ ANI) SOFTWAR E
ENGINEERIN(;

Dates May 21-25 . 1979
Place The George Washington University
Ob~ect ivu’ Thus cO ur Se ’ provides cip-to-d~ te tec hn ical
knowledge of logical expression , analysis , .-mnd oven-
ion fo r c c i  f c m cm c m ii i  and mnanaq m g  so ttw ,mre ,u i t  - lii te S

tore , design , arid product iOu Pt .~.‘,e ’uit ,it i,i~is will
cover pri m) iples and applucat ion s in st ru ic teu nes pro-
gransiniing arid software engineering, iíi c nd ni l] StOp

wise refinement , pnoqraimi correctness , and top -
down system developmnient.

Contact Continuing Engineering Education Pro-
grann , George Washington University, Washington ,
D.C. 20052 - (202) 676-6106 or toll free (800) 424-
9773 -

JUNE

ACOUSTIC EMISSION STRUCTURAL MONITOR-

ING TECHNOLOGY
Dates June 18-19 , 1979
Place Los Angeles, California
Objective A theory and practice course covering
each of the’ various facets of acoust ic emission struc-
tural monitoring technology; basic phenomena,
state-of-the-ant applications, field testing experience,
applicable codes and standards and instrumentation
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NEWS BRIEFS
NOISEXPO ‘79 diagnostic measurements, measurement of noise

Nat ional Noise and Vibritie. Co trol emn:ssion, noise of machine elements, hydraulic and
Conference and Enik~bition pneumatic system noise , m ining equipment noise and

noise of home appliances, For information on the
April 2-5. 1979 conference , conta -t NOISE-CON ‘79, 116 Stewart

Center , Purdue Urm ersiby, West Lafa yette , IN 47907.
NOISEXPO ‘79 will be presented April 2-5 , 1979 ,
at the Hyatt Regency O’Hare , fuve minutes from
the Chicago O’Hare Airport The conference program ACOUSTIC EMISSION DEVICE WILL WARN OF
features a unique series of mini-courses on noise GROWING FLAWS IN STEEL BRIDGES
and vibration related topics The program also in-
cludes a luncheon session , showings of canned pre- A battery-powered instrument the su e of a portable
sentations in a mini-theater , and tethnic,al sessions radio may soon be used to detect the growth of
featuring papers on . hearing conservation . mns tru- material flaws in stee l bridges. It was developed for
mentation , product noise and vibration , industrial the Federal Highway Administration in sponsored
noise and vibration , structural dynamics, and en- research at Batelle’s Pacific Northwest Laboratonies,
vironmental noise NOISEXPO ‘79 serves unduviduals Richland . Washington The instrument system is an
who are concerned with noise and vibration control , advincement of acoustic emission technology devel-
hearing conservation and environmental noise regula- oped earlier at Battelle . With acoustic enilission.
tion. Engineers, technicians and managers from in- highly responsive sensors monitor elastic waves pro-
dustry; personnel from governmentat agencies; duced by energy released during deformation or
educators; and researchers will benefit from the cracking of material.
program . Advance registration us available from
NO ISEXPO . 27101 E. Ov iatt Road, Bay Village, The system includes three sensors that are magnietical-
OH 44140. Phone: (216) 835-0101 ly mounted on the bridge Signals picked up by the

sensors are fed back into the primary unit and stored
on digital memory chips. The tiny Chips, about 1”

NOISE-CON ‘79 long and %“ wide , permit unattended operation
National Conference on Noise Control Engineering and data collection for up to several months. The

Machinery Noise Control (unit can be powered by batteries or by a 110 volt
current , It is portable and weighs less than seven

Apri l 30-May 2, 1979 pounds. Project leader Phillip H Hutton of Battelle’s
Engineering Physics Department sau d that adjust-

NOlSE~CON 79, the 1979 National Conference on ments to the master unit permit monitoring a var iety
Noise Control Engineering, will be held at Purdue of area sm/es and configurations. This may range from
University in West Lafayette , Indiana , on April 30 - a few square inches at the tip of a known crack to
May 2, 1979. a weld 30-40 feet long.

The theme of NOISE-CON 79 is Machinery Noise Hutton noted that . “This unit can be used for short-
Control . Several different sessions W ill be held in term sample nimonitoring of critical bridge details.
which both invited and contributed papers will be However , its primary use will probably be in long-
presented , Ten sessions are presently planned on the term monitoring of bridges , since material flaws
following topics: agricultural and construction often grow slowly.” The unit was successfully field
equipment noise, forging and impact noise, metal tested for five weeks , including operation at tern-
cutting noise , noise of engines and components , peraturesof near zero .
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(‘ALL FOR PAPERS TIRE NOISE cONl~’EKEN(:E

11W SECOND iNTERNATIONAL S~ MPOSI(IM A~~u~ 28.30. 1979

ON INNO% .-tT I~ E NUMERICAL t \AI .Y S I S
IN APPLIED EN(;INEI;RIN(; SCIENCE The co r c l ~ ue uo e’ will Ice held August 28 - 30, 1~1 1~f at

t Im e Sheraton Hotel in Stockholm , Swn’dccui I ht ’

June 16-20, 1980 cc l  c ’ bus ’ cc l  the symposium us to provide a base t~ ’
reduc in g tire noise , unity measureuTient methods and

The Sc ’ - cu mid lu i t e ’r m uatuc cn ma l Sy niposiumil on lnnlovatm’.t - f m rmd a c c csc ’m approach of the mechanms uims of time

Ncimi c , - m Ic ,ul Aui,u~s so. ri Applied F rrgtneermng Snm ~’uic 0 noise emm em atmo n Areas cuvened m uulude Requlatio nis

will be held June 16-20 , 1980 at the ( c o i n ’ Poly standard ,mnid f m nam i i ial aspects of tire noise ’ ccl i ]  u

tec.’hnmqumi’ d c ’ Munru o,il ri Montreal , Canada Papers Measum cinient technique , Defining road arid tire

are solm ct re d in all areas of e’mmgi neen iuig science such properties , Generating mechanisms and param eter

as solid and fluid nc ’u ’ lu ,i ucus . ,‘ft- c n u ic,u I engineering. unfluen ce , and Practica l tire noise reduction.

acoustics . n b c  w mr h emmi ptuas is on “non st andard’’
numerical , imm ,ily-i u~ P,uic .’r omi unm,ovat ive u c i u ur c t ’ m  i~

- .ui F urther mnf o ruiu at mo n can be obta mmied f rorTi National

analysis ~‘,- f c t c  h t T ] d l 1 , u ~ i , c ’ ]~~c t i d l O i c c i S  t m, i nm sf t ’i t c c i c i c  s . Swedish Boand ton Technical Developm ent (S lUt ,

hybi id ‘at ion of aui,ilysis c c c ’ t tu i  c d~ ,mrmd ‘ miow Ito h At t m i Ms lnqer i ) i mui t ~r - Private Bag , S- i 00 72 Sto k

nobogv ,imu ’ stro n gly t’nc - c ium n aged holmo , Sweden, Phone 468 744 51 00.

~t t ’ u c dt ’ci ahstnat ’ts c c l  , mp p rc t suc l i , i ] c I \ ’  1000 words ,
ri F rench or I nql ish , mu 0 mt’qu mm l t ’il by Man ti 15, 1979

Final .1c c opted papers of up to 10 pair’s w ill (cc ’

m~’qi i im t ’d by Decenribemr 15 , 1979 fur publicatuon in 50TH SHOCK AND VIBRATIO N SY MPOSIUM

I lit’ sy umipusi mm ci  c m ~c~ n’u’d m u ic]s F eve en ;c In’s of each MEETING AN NO U N CEM ENT
abstract should be’ senut to

Dr A Chaudouct IL umeupe) The 50th Shock amid Vibration Sym iipos umi ’ui will be
CE TIM held on October 16 18, 1979, at the Ant lers PIaia

Boite Posbale No. 67 Hotel , Colorado Springs, Colorado The U S. Air

60304 Senlis , Ct’cf u’u,. France F-i.imct’ will be the host For informat ion , contact
Hemimy C. Pusey, Director . The Shock and V ibration

or to Cen ter , Code 8404 , Naval Research Laboratory.
Washington , D.C. 20375 Tete (202) 767-3306.

Dr. 1. Cnuse
Pratt and Wh itnt ’y Aircraft
East Hartford , CT 01608
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REV IEWS OF MEETING S

-19TH SHOCk AND VIBRATION SYMPOSI UM pioblems and NASA’ s future progn am plans. Mn
Stotan described some of the pogo problems en-

17-19 October 1978 countered in the early Titan Centoum vehicles. In the
Inte rnational Inn pnocessot solving t t i t ’s t? problems he observed the fact
Washmnqtum i . D.C that analyt ic a l  too ls lag hardware ri developu’nient and

shock arid vibr ation people are typical ly brought in
The 49th ShocK and Vibration Symposiumii , sponsor- too late Analytical tools have to be improved for
t ’ti by the Shock and Vibration Information Center large structures in space. AuTiong the programs dc
(SV IC) , was held in Washington , D.C in October scnibed by Mr . Stofan were
It was hi cst e ’&l by the NASA, Goddard SI cjt -n’ F I ugh

C c -m uon , Greenbell , Maryland . The fo m n y m al tei hn m c al  • G A L I F  [0 SPACE CRAF I fly by M,ucs and
t crdu ]i jdc t -onsusted of more than 60 papers (si t ’ Vol Junimpem in 1985 (dy na mm iu m. s and control prob-
10, No 9 of the DIGEST for the co imuplete piogrann , leuns)
pape’n stunm rmar ues arec available from SVIC) There • SPACE II CF SCOPE - 1983 (problems in ab-
was ,i session of nnore than 1 ~t short disu - um ssu onm s solute pointing accunacy)
Henry ( d t~~~~,V Director of nhe SVIC , the niie imu t ie ’ ns • LARGE AREA MODULAR ARRAY - look for
of the SV IC st , if f  , and the Pnoqranii Comrurn uttee ’ arc may one n ’S

to be’ nouiqma tui lated tom assembling an m nte mest uulq • UV OPTICAL INT ERI EROME TE R m easure
proqrdmii W Brian Keeqan ci t  the Goddard Space souri c’s rican edge of solar syste m
F light Ct ’ mi t n ’ m was responsible for orqan uimnq an ex • GEOSTATIONARY PLATFORM - emote area
u - clI en t opt ’ mi mn i q session and outstandi n g local arrange - (-o m mmm nu ni icat ions
milents Amm io miq the 300 participants were repiesenta- • X RAY PINHOLE TELESCOPE deten mine
lives 01 the’ federal qo~’ennm1ient , industry, and aca- x- nay soun -es in Sun
dernun- inst i t u t ions , The attendees Participated in both • G R A V I T Y  W A V E  I N T E  R E F  R O M E T E  R
t fm t ’ fun trial arid informa l Ieu ’hnuu aI pro ranTus , thereby
i’t f n ’c t m nq a mmm ea ninq f mul t ransfer o l shock and vibration Mn. Stofani observed that the technology does not
tet -hntmloqy exis t for some of the proj ects and that analysts will

have to work closely with designers
The Opening Se~ ion

1 he’ tens ]  invited paper was “The Role nd Dynamnil s
The ope’numig session was chaired by W Brian Kee ’mj a ui in DoD Scienc e and technology Programs” by
Syi’up cc cuim c m i ruarlmn ’mpants were wt Iu’oc mc , ’m ( mi m i behalf Dr ( t ’c c uili’ P Mullburn mit Ihe Ofl m u u’ of the Deputy
of the NASA , Godclanij Spat-c Flight Center by Diu’u’tou u t  Resea,m -h ,end Engineering Dr Millbun n
Dr Roheu t S. Cooper , Direi- ion of the Ce ’miter Dr rioted tf iat the SV IC sin vuc u’s lj r rn a central role in
Cooper stressed the’ umiupon lance of the Symposiuunni DoD RI &DI pi n)qr a um is He’ observed that we nun ust
to GoduS,mrd and NASA in its role of helping to solve use the latest ten hnolucqy to c nc umitc , i t  the lac k of
slum cc K and v brat ion pn oh ferns in spam e ~y sterns pe’op Ic amid mlii mu m t ie ’ m s ~c t  fia , dw,im o mc mmii i  defen se’ He’
Andrew .1 Stofan , Depu ty Asso -iate’ Administrator i e ’ vcc ’ w t -il li l t -  o ut) u e ’ m~’an m t u and ulevelopnmient and
for Spai e’ St -ienu -cs , NASA , t n t ’c,e ’mi] t ’m( the ’ keynote ’ noted the d e f f u  nIt pio b lu ’ m n c ol m i m sim i b m m tunq the ’ R & D
,mdcfni ’ss Mn Ste fan nmote ’d If i e ’  f ,it t than tie’ ne’vi’r cHum to qovu’i r ium t e’n t Iabon ,i t t i u  it ’s c n c i c t n a r  I nej sm ’ant’h
i t ’ d ecive ~1 (b u ll new s f ro n t  shoe L ,immd vibm at ion t ’ mu t ~i lii nuu s , and Unuve’n~ it m t ’~ I hi- I nv  thu mo.i~ me Do[)
n m ’ c ’ mc  ru his f i f te cn ’ n i  year s 01 t ’ xpe ’ m iO nic u’ with lauunt fi ue’st ’ ,u m f m mm ii bide’ a nt i l iu - ual un tel lm qr ’ nu t - e’ , s ruua n t wt ’aiiumis ,
vm’l iii Ii’s . Shom -k and vub rat m u m  inohli’nuis were always d m u en t tot ht’diu m s  - id c c i oc ‘I.’- mm on it S - and c ud u m c1it tsi in ’
m t nu ’ su ’ m i t  h u t  we’!’ ’ s t t l v e ’ i l Ho ie’vu e’we ’d soumu e ’ Icasi nmatr’ i ink [)n M ut I L c i ruc  ntt ms e ’uve ’tl the-’ miu~ ’d fo r loch
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nioloqy t i di iSte ’t m oups see fu ,is SV IC ni m m i t i  tom ( for nm ial sessid iOs Vibr ,ut mum i and .‘ wust cs. Blast arid
to u’ Imnuum n a t u ’ c ostly dLitt le.~ut ion Shock Modal and Immipedance Analysis . H u m e r i

Hmcsl mo n isi ’ to Vibration and Shou’k , Isolation and
Dr Mich~~t Land of NASA L,uiiq li”y Ht ’Sn ’ ,ui m ti Center Dae mmpumm q , Dynii,umn mi e Analysis , Strmi c i mmu e ’ Me.’diuun Intem -

pm ec seuited the second iriv it n ’nl ~c ape-u on ‘‘ Dynamu c c s ac t ion , and Case Studies in L)ynn um imc s
Prubk’uiis mu m Lam i t c S~c ,uc - t~ S t n m m c n m u d ’S - -  I Ii Land
showed prev ious large vt -h id I s  (I ~ ‘LORE H )‘49) - lii ttu e sess ion on vibration amid ~u oustics , papt’m
F CHO II (‘

~~~~~ ) ,  SKY LAB (‘7.~) ) lau nch ed by NASA were I du e ’seuitecd on bit egue , si qnu dt imm t ’ a mu ,ulysis , shaker
All had mt ’ I uabu l mt y probk’inus New ,i m ujt ’  spat e stmuc- waveform control , wheren~e’ functions and cavity
tures have a lot of open t u uss work - Dr - Card di’ no i se phenomi cc ’ mc, u amid mis une~suu em lent. The topic
scribed t h e three n m mamn i a me,i s with dynarm ui i s icnoblenms of blast ,uminl sf cock was eui -ounmte ,ej d en a session
- -  structural analysis , dy mi ,um cii c loads , arid mxintrols involvin g pym o tn. n -hr lum shock simulatio um , snaps in
Problems have begun to ,um use ’ with sat ur ,ut t ’(l win- stn m c .ture s , blast Ironic burst mng , frangible pressure
puter programs arid with Sc a lmmi c j  Dr Card reviewed spheres , wave propagation mc s t r i c t u r e s , and shock
the ~~mmon dynam ic modelin g and co n m’ipeitat inn buffering for hydrodynonruic rams. In the area of
techn iques and discussed hms Icmo u rc ’ss in ( o m i t m num i mum nmodal and innp cdan ’n’ ina lysis , papers on low Ire ,
analyses for repetitive st ructures He also ne mv mc ’w exi qienicy er iv ir o m u ,mmeuu ts , f l ig ht vehicle vibration m ode’
load sources for large s 1c ,Im t’ struct t ires including reid fe’ atmon i , oxi - utat ion of iur ineipal m odes , deter-
ground handling, boosting, dec p lo y n mu e .m it , asseummb ly - u riu m m at ion of dourc uuc au ct  nodes in a structure , and
control , thrusting, dock rug , o lien ,et muns , and crin ’ m mon- ct ini i b i r rutmo n of m odal response s and shock spectra
mnents Low Ireqemencies (to 1 Hi) of large space were presen ted . A s1cn ’ci~ l srrssionm on human response
Structures are a problenmi - - fun unstiu nn- t’ low ta r  th to vibration and shock was armanqed for the Synnpo-
orbit forcing treque mucy is .002 Hi l)r Card t , m l k icd Siu ruc by Dr. .Johni C. Giugnard of t he Naval Aerospace
about means for ci ur it ro l ot large space str uct ures Meduc,.el Research Laboratory l)etnchuiuent
including counter rotating rings and adaptive m :onc t ro l .
He sununnaru/ed with ,i discussion or’u umueth ods for The open ing itaper ore problem s and progress in
structurat analysis , dynarrmic loads, amid c nsiitm c sI~ biodynamnics was given by Dr . HE.  Von Gierke of

Wrig ht- Patterson AFB Other papers contained in
Dr . John F Wu lby of Bolt Bcnarw k and Newmr i,umi this excellent session concerned musculoskeletal
gave the t hird invited paper , ‘‘ A n ia ly t uc - ,ui Model for responisu c to umr upac t load ing, huurian response to rn-
Predictions of Noise Levels in Space Shuttle Payload pact , whole-bod y vuhr,ution of heavy equipment
Bay “ Their work on acoustmc noise env uronri menit operators , vibration chamact e r istic s of the hand,
includes ef forts on immatheniatical analysis arid experi vehicle ride qua luty, and criteria, A session on isola-
mental validation , The prnbleuirs involve st r u m tuu al  tion and dam ping c einta imied papers on computer
response and aco ustic radeatuo ni He showed proqn j mm i ,iidt’d de ’smq mi on passive vibration isol atom s for electro-
development , anialytica f nimo dels , and st ale test mod- o t c tmn ’,uI systenius , plj tt ’ trans m issibility, l i quid sprung
els, Statistical energy analysis was used for high fre- modeling amid syste m ’ identificatio n , sl ip da mmi pumig mn
quency vibration and modal analysis for low Ire tunb m nc blad cs , elastomner dampumig, and m easure m ent

~ ,~ quency The analysis was conclu( ted in one third of ur ma ter al d ,jur upjm cg behavior
octave bandwidths. Testing of the OV 101 im mod e r l will
be cond ucted at the Palmdale , California test facil i ty ri the area of dyncamic analysis , a cession was con-
followed by a se’ d-ni uu f test at Edwards Air F n d n ut ’ ducted which contained papers on fluid transients ,
Base usung 1 104 aircraf t ,us the ’ rmoust ’ suu ur n. t I Dr nonlinear systeni respon se, random t ime dom ain
Wulby showed the microphon e and ,~ccdn lerc c ic c u~t n m  ,un, Iysis . shock spectra , explosively propelled plates ,
test locations. The ’ payload nuod e l imi t  was pant ue ’ uu la r ly arid dynannic ,mlly loaded linear viscoelast ic struct uu es
unterest ung for i his t ecs ] proilnanri - Cur remit and h u t  mint ’  SIr u i tom n’ med iuun interact on topics were discussed
work on thus prog ram was dusc iusse mi by Dr Wu lt ,y. in a spin al se ’ss mc-tni which contained papeus on flu id-

stru t lure u n mt c- m ac t iii .ulculat ions considering long
The Technical Program w,uvc’ Ie nm cj t h eIlu ’ m - t~ , c impl if iucd shock design of

u nujeunround strut -torus , blast loading of uncdn’rc.ound
The technical program conitamn ed lice ’ f o l lowu c uc i  c odm !c ’te structu nurs , loads on bun ted structures , and
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opt umiru z atu on oh c , ’c mi t cm mct ji j I c m m c c  r e ’ t e., slabs An unt t - m -

estung session involving c iSC’ studies mn u i yna m rmm c s
involved papers on syster m u fatigue in hydrofoi l
operat ion , rotor-bear rig sy stem dynam ic response
to unbalance , d y n a m i c  char acter us tuc s of a turbine
lle mcn ’r utc .jn on its low tuned foundatmon , arid ride
quality in tractor trai lers

Papers presented at the Sym muposuu uim will be reviewed
b r  quality of in ’ t crm c al content and ruresentat ion
and publushed ri the 49th Shot- k and Vibration
Bulletin , which will bc available fror r u the SVIC.
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STANDARDS REVIEW

AMERICAN ~~ T lO \A L STANDARDS IN S TI T I TE and SA L n c j l r d q r m t t O n ’ C 5 r c m c r n b n ’uS ton m c ’ v m n ’w

COMMITTEE 52 - Mecbaisst al V ibrat io n and Shofk
S2’65

Thn ’ se rmcda r in inmal c ’ c , ’t r d . i  c A NSI 52 ssas held it 0cc ’ Balancing Technology
49th Shct k ,unnj V i ,  ,it d c  5% rd i c cc sc c c ’ c  c c m c  0. l c c f n ’ c

19, 1978 in V,,i’niiiuc ~ t - . ri The iii 5 j t ’ ~~ c r t i c ’  sir onus Thus comn u liutt ee has sevcm.ul docu rru -imi ts Ii) pmeq ’,jmatium l

working dlun c ic Os a rt’ u n ’ . cc ’~~c ’nL f cn ’ ic cn% for l ln ’’nm bk ’ rotor balancing Iii add ition a don ’ uumue ’ nc t
c ci i r uqid rotor ba bun ci mg is ni rid n m  c cc c  se ’c mc Corn un cu t s

S2-51,’S2-68 omi S21 19 I97Li , ‘ ‘ Balaricc’ Qu a l i t y  ncr Ho t a tmr mq Rigid

calibration Methods for Shock and Vibration Pickups Bodies - shciuld be touw arded to S t- e�I dmr i ,un cc i  NKE
£ miL i idl t ’n’m rig Associates This n ’od , cr rcdt tto~ undem the

Smnce both co r rc d n It t e n ’s c~- n’n’ c i i  t ic i t ’ a ruecs wu rkc dli l chairmanship of Dr - Nevclk ’ Hueqem m i s  been I ccc c kc ’ci

group, S2-8 1 , ‘ ‘Use ,und Cal ibm at mcm i of V hi at mo uc ar id u n to the fol lowun ig subc omnirm iit I c c ’ S

Shock Ic.ln’asu, cmi i c ist r u r n - r u t s ’ S\’ is n ,  c le f udk ln ’c

the chamrrmianship of ~iI R Se’ u t c t r u  of the Nat ional Subcommittee Chairman
Bureau o t Staumdn rds Mr Sn’ liv n us in the ic uoc e ’ss Rigid Rotors Feldm an

of conso lmdat ion of tasks ~it S2-5 1. ’ S2 68 and will F ln’ - ccl ’ Ie Rotcus Rue’gen

bei enlisting rc e ’ns r ’ cn ’ ccc b n ’r s ,und ccc kd lc icr ~1 a new Terminology Stadelba mer

Scc c I c n’ of dc t cc  t i n ’S S2-81 wil l  be r ivn c l’ cc ’ni with SC3 General ltenis Macdel

Of ISO, iC 108 spn ’ ’ ii i n ,iII’~ on the revIsion ~~t doc uu Balam cccng Machunes arid Stadelbauer

ments on tic ’ calu bma t crc arid spt’ cc f ymng of shock and L nelosures
vu brationi p uc . k nips for shoc k and vubrat ion ,m) n ’,usic u e
merits S2~67

Measurement and E~’aluation of Vibration and Shock

52-54 in Land Vehicles
Atmo~~heric Blast Effects

Dr Karl Hednuck , the new chaurucian us in the pmocn ’ss

The fourth draft of a dc. c c. n ’nn’rj t  on source aurb lasi of obta m num g new u’riemnbers arid a scope ot actcv l ty

description for s c um c i l t i  pomm it expl osu ouns in air with a

guide to evalual con c I at rcrosp ht ’r Ic propagation and S2.?2

ef fects has been subrndttod iou S2 ballot Negative Vibration Testing
ballots a re presently being reviewed and the docu

ment u s being processed to sat isfy negative comments. Thus working group us engaged in the dc tcvmtm n ’s of the

The purpose cci t hcs m anual is to provude concensus )SO/TC 1O8 counterpart Wg5 lSO/DP6070 an

quantitative clt ’t nit om is of explosion c -hj m ~ui ’tn’u st cs , international standard for auxiliary tables tom c ibm a

effect s of at- i ’os pht ’ ic. propagation , arid typical lion generators us at the burst draft stage ISO(DIS-

respij rise s to U’st d loSuOn \V d S t ’S 5344 , “Elect rodynamic Test Equipm ent for Gener-
at mnq Vibration - Methods for Describing Equipment

S2-63 Characteristics ” is in its final stages of development
Vibration and Shock !solators

S2-73
Thus corn cdt t n ’t’ is currently workung on a revision characterization of Damping Materials
of ANSI S2 8-1972 “Guide t~ m Describing the Charac-
T u ’ ru s t c i s  ni t Resilient Mountings ” Thus revision is A nneeting of S2-73 . Damilpeng Piopentues and Tech

being circulated among ANSI c ’m c r l d d l i c t t C e ’ m e m bers n’ui ques , was held at the 49th Shock and Vibration
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S y r ! c l c l c ’ ; c c l c r c  A uc t ’w  doc tu ur r e mut  on rnce asuim e m n iem it mid INTERNATIONA L STANDARDS ORGANIZAT ION
analysis i t  djmmc ; cmm n u j P u c c I n i  T ies was presented at thus COMMITTEE TCIO8 - Mechanicai Vibratio,,
m u t t  rig liii’ , d c cc m c d l  c c - m i  i is based c t u r  wmcu k pu’n t o m c r i ed and Shock

at VV r i qht Pat t c’r soni AF B c mc l d , ic n it  c m n mi j I fu,ir , ii ’ter i/a

i c  I n n  h m c mi ~i c t ’-; cim mn f t ’ i  the din c c t c o mm of Dr Johut Meeturiujs of ISO/TC 108 , it s subcommittees and work-
Ht ’rc c f n ’c - ,ccr r whim us also I hau m m u t a uc of this i m .d c r m u c r u t t ee . ing groups , were held in 1978 The eighth plenary
Dr D I G Jones ci  Wn mu j ht Patters o n AFB will be rm ieenung of ISOJTC 1O8 was held on 25 September
t ht ’  c c c ,  m uir ‘ c u r d  of t f i us c c c c l c r c , l t t t c m -  An ef fo r t  us and 4 October , 1978 in Berlin (German Federal
t i c ’ ,, c t  k- lue ’ i m i uj ‘ c u lt ’  t ,,c mmcc  t i , c t t ’ ‘ Icon ’ ’  r , c t ’ c r c t c e ~is and Republic) Iwenty - seven delegate s representing ele-
to - cc c m l  c m l , O c ’  c - f t c  c m i  w i t t u  AST M C o u u i m i t n c c ’ [33 vemi countries were in attendance at the meetings.
on envur c c c c l ’ - r u t , i I  ,ui c m i  m e t s D;r ung the sam e period of t me rrieetings were held

by ISO/TC 108 Subc om mmmn ittee 1. Balancing, Including
52-74 Balancing Machines , Subcommittee 2. Measurement
Measurement of Mechanical Mobility and Evaluation of Mechanical Vi bration and Shock

as Applied to Machines , Vehicles , and Structures ,
I Ir iS a i r  vt’ C n urm m ni t tec ’  under the~ c j i m c - lauii -e of Dr . and Subcornm:ttee 3 Use and Calibration of Vibra-
Baade us work rig oni ,i sect of f iv e standard s covering tion and Shock Measuring Instruments , In addition ,
t i c , ’ variou s j s c ’ e c t s  c c l  c c ’mo bu lu t y  The first of the f ive lSO/TC 1O8 Working Groups 1 (Terminology),
doc umnren t s - on t c ’ m c c c l n u l c m c j y  and transducers - has 4 (Vibration Testing Equipment), 5 (Vibration and
bo’rr conc lu ded Negat rve votes resc ilt mng from a Shock Isolatons), 8 (Methods of Analyting and
recent S2 ballot have bn ’ t c rc resolved and the new Presenting Vibrati on and Shock Data), and 11 (Ana-

m c i  c i c r c c ’ r l t  us bering precparod for Publication lytuc a l Methods for Assessing the Shock Resistance
of Mechanical Systems) held meetings in Berlin .

S2-76 lSO/TC 1O8 Subcomuimittee 4, Human Exposure to
Vibration Levelsof Machines Mechanical Vibration and Shock , held its meeting

on September 1 1 1 3 , 1978 , in Ciechoslovakia,
Se ’v c - r , i I  uccac hune ry vibration standards are being

cm ’s”’ Ii,pt’c i in t i r is w ink m g  group t rider the dire TC1 08 appointed an ad ho~ group to explor e the
tuon of Pau l Macdel . A draft  standard on shaft v ibra- following areas related to mechanical mobility
tmon ,c ce cdsc, u t ’ ccc c ’r m t has j ust been c o r r m i d l t ’ ’ tm’d for sub-
rrc us s c o n t i c  the lSO/TC 1O8/SC2 PcMj7 workin g q romup • Definit ion of terms
meelung in Be rlin Negatuv ur votes are being resolved • Mobility measurements
on a proposed ANSI Standard for eva lc iat mon of • Analog and digita l analysis
muuec;ha nuui ml vi bration of mirac: huuies wi th obtu rating • Methods for parau nietem identif ication
spe’ ’cfs f rom 600-12 ,000 RPM as mneasure’d on struc- • Presentation of mobility data
tural rr i i ’rirhers . This group has i:lass if med nuarhune • App lrcat ion to m odal analysis
S V S t t ” c c s  did i-nm dm nq to vibrating charam te rust i c s in • Application to design

dre ,’t r ,ur ,uliofu for the dev erlo t i r r ie r nt of a grou p of no-
tating nua( hunery vubra l mon standard s The t i t l e  of TC1O8NIg5 was afl ir mm ui as ‘‘Vibration

and Shock Isu ’ 3ulors” with its or iginal scope This
S2-77 I i r r uu t s  the work ot TC1O8IWq5 to the development
Vibration Levels of Ships of standards concerned \\ ‘ t th the materials , perfor-

- I c c i u mc -e charac ter st cs and m e t hods for testing vibra-
Thus gr u mp c - c c n t  ri ot-s to lit very mc live at the ruler - I ron and s u n  k l- ,,,clalc. c r s An ad-hoc group A was
uc,un uona l level - - developing standards fo r c r l i ’ , u sdu y c ’ - ,mI’poin ted no prepare a state m en t for a program of
mmnr mit and riva l u m a t ion ol shuj uboar d vibr ation Silt ’ lii work cml it led ‘ ‘Da m np mnc ~ in Mechanical Sysli. ‘mis ’ ’

doc I d m 1 - c n n involve a c c. c l I t ’  tor t hi’ ‘m c cc , iSc dn einct’ult and which wo u ld include the development of standards
nfrporf mnq cit shipboard vibrat ion data , c o de fur the niulated to the use cit damping in vibration systc.-”cs
n’ c t ’ , us l ur e ’ m n c t ’ c d t  arid r t ’ pc i r t l c i d i  of sic upb nua rd local vu- the methods for i’hau ,uc te n ting damping and eval-
mra lion data , and unt e r i u n d i I c I c l t c ’ I u m r c ’ ’ , f o r  thu i’valij a- matin g the l c n o l c t ’ rt  ci ’s of d a ur rpmn g  nniatenials and damp-

t inn of s uhn at m m in mri e rc - ha nu s hu l c s ing in mn cn c i - h a u ru i  il sys lc ’ du c s , and tt it ’ application of
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e f , l m u m t t u m u t i  iii, it t ’u i,el’, ),u’. ,u t u e ’ , u t m m c , ’ u i t )  t c c  l i t , ’’, m i d  l ime ’  lut l i ’ d c l  fiVe i l  I will Ic c , I u, iumi t m ’ t l  T i m  ‘ ‘ .‘\ui ,ulyt ut  il

t ’ , i uun ’Icc m u  c i rc l e ’, t ,c  c c d m m u u c c c u  t ’ r u m  i t c t , m t c c n ~ - u t ’’. f d c t u c’ ’i’ Mt ’t fu ~um ls t i l t  /\ ‘.‘,e ’ ’ , i d u i j  ( t ie ’ ~,I i c c c  k Iit ’’,ii,l , u i i c  i’

I tue c i ,  c c i i l c d  t n t  se t  u k  ss c i i  c i i ,  I t i t f e ’  I c c c l i  ‘ i c  ii mc c ii v v i t i i  11,1’’, m i m i c ,  ,u l~~~,\ ’ , c c ’ mm i i ,  - ,CRI t f i e ’  c i d l c c ’ t n t  w eu m k c c i

tit lu’i ‘.t , u i i , t , u i c t ’ , c i t c 1 , i c u c  l i t - t i ’ , f _ c u ll ii, l~ c u~ I c  n I /  I’ ,i) I l’l(l1l iy,1I I w il l  ( m u ’  u i ’~,ic ic c i - , m t c I c ’ t i m t Il e’ l ci t ’tm ,Ii, i

I (ii.’ t/ , t u l c  t i’ c c c i ,  t ’ u t m n ’ c i  i~ iili t ic ’ t f m , u u , i c  to m us mmc m i  c u t  c i i i ’  s l , mui i l , umcis ton c~u uic .f , iuui  e ’ i i i  , i ’ ,i i ’ ’.i mmi i i  , i u i t c  I-

t u t  ‘, ‘ f  d t , ,i m ui c uui i t mum ‘ d c l  ‘c c l % iu i e ’i ,f t i c  i ’ t i ’ .ii u t ’ t h u  u c ’ ’ ,i’ , I , im i c  c ’ n t  m ime ’, I e , i u u u e il ‘, \ ‘ c c f c ’ i c l ’ , f i l m  I c i c h l u u c i  mnmt ’ c l i , , n i u
the ’ u ni tu ’ n i ’ ’ , t - , ml I~ ,m i Ii 11111 ii ,‘ m c ’ I ’ u c ’’ ,i ’ i c t d ’ c i  ,iile ’c; u i , I t c ’ i ml cmi ,  c , t t ’ l ’ , c u t  tm u i imu, m ni  ‘,~‘‘ ,ti ’ cu i ’ .i ui ft nu i

In u d ’- ,1c ,c u m’ ,c ’ i c c  ,i  m i ’ c l i d c ’’ ,t l i c , i u i  m i c e - f u i c m p u ’.iui Stei n ,  k ii ‘i’ , , iI ’i ’ Id c i tc h ’ t i c  ti l e’ i ’ u c m lmlm ’ i r u , m u, u t u ic ’ l \  -

,\ It ’ ,c c m l  c t - u  ~dl, i t e m  c h i c  II m c i  - ‘ c\ ’ ,’,d i c  u _ ut u c c m i  Ii i i  ,,\~n1i\ I ft mm

I~ ;u i It ’ )i)ti I ’ m ’  ,t n c ’ , j c h c ’m ,It ’S. t ’ I c c t n d u u c l  ,i - , t , m u m c l , m r c t  uuii ’t f ie u t l  • , h u m  t n t , ,  u t m u i r  c i  u m u l m umi  I i )
c i t  i ’ v , e I i i .u t i i cc u  time ’ d i r  ‘, d l c u  ite m t i e r  c c c , eu ic  ‘ - , m f , u m i t , t u m c i c ( u i l i ’ • il i ’ f mnuu t i t uu i  ,t t  ic i c l i n i c  i ’ c i

- i  ‘ ,tutit K ,,tc sd c c l c d ’u’ ; , II t t ) I i  ,u it ic c c c u u t e ’c t  i t t  id i m i c c  gu tmui ~t • t i c ’ ’ ; ,  u m f n t i c t u m  c c i  ‘,y’ Ii ’ uu c  i c c ul t ’ d t t i ’ ’ ,

t , n i i i c m ’ ,u c f i ’ u t i c i ’ c m it ’,j i ue ’’~t m u d  n c n m t em m t l’,ui k tee  1 ( ‘ 1 1,111 • su ’li’ c t u cu mi cii , i c i i i \ ‘.11’ im mc ’ t t u c t c t c ,

‘ I d i d ’ i t ’ ’ ‘ ) / ~ nii i ’e ’t in i( i  ~,hi, ec d id I i h i c  ‘ c m i

c l i ,  m c c i  me (lii ’ ~ c\ I  mmmc l I I l5/’e,N-l m ’m t i c  i t i t ’ I c ,m i ‘ 1 i l  01~ aiim ‘i ii t ,t tIme ’ l i cu  m c m l  m u m  uI l i t  i)it ~~
‘c( 1 /\lVul’,u

,I i ’ i c m i i m .umn i  i t t  s e c c c k - , I , u t e ’ mn m e ’nI f l i t ’  151) unce ’nm l m m ’i ‘“ ‘c ‘l ii m i t  ll~ ,A ( c c u ic i - t c u n  Mu ~n t , m c l c ’ I l c , mc ie ’r

‘c cc li , ’’, esc ill It , ’ c , muu ~ ,i’,’,i’it him - , c i i c ic c t i  u m m ii i’Im um i iii ml Balancing Machines and S,,fety Enclosu res , with t I m ’ .’
et i ’velim; i) ,

~ mmm c,’, ~t - 101f c,’,ci ’ul, m m m c i  i l m i d m u i c  wil l Imi ’  .i~ ’ l ie l l tut ,”c/iuiut Nc

l xruu i ii’ dl li ’ loft  ,u i r i t nu iu r t i ’t l fm,li l’ i c ’ ,t ’y 1 c m  t ’”c l c l i t u e ’  liii’

rmi ’ e’e l I, mm ‘.t, ui c c f ,iu d l ’ , m c l i i  ‘c i  c m  mimi c ’ mm mi ’ i usi’ , c m i  ish,ulmlm ’ • 1~ e ’vue ’Vv lt ’~,I 1 c m  i m c c c i i  m c ,  - mum I ~ f ),~~)! m, 1 1’) ctm l  c inn light

‘.fien In i~,ii I , i t i c i  ‘. It ,u l m i c u t i l t n  e , m te ’ , Mi I’ t use ’y will i u it ’I’ , iue ’ t i f  u u i u i c c t ,,il , sc ut u i iuu t t t ’ cl Icy I IS#\ uumnl i ’ i  cltn ’ uumn ni ’mit
,m ‘,l ,u t e ’ m nmi ’ n u t  c m l  u I c m m i d t u , i u i m  cm l  w t m n k  w f i ic ’ir c , ’ , c l i  l e e ’  ‘—e mil

t i n  (fit’ mn u e ’ uu u lm i ’ u I c c c i l i e ’’ , i t uu  ‘ cuun ’ ; uc le ’ i ,u ie tu rn  ,\ nui’m,v i t ’ ’ unn • I’ un ’~i, um e ’ mi ’ e ’imuiiuiui ’ uiu l , i tu c iu i ’ , feC :,,i h t ’ t \  ‘ mud  I i t s m u i i ’ ’ ,
m e l  c,’, c c c  se e’ . j c i c i ; ’ i c ’ ,t ’c I  w i t h  ,~ c , c 1 c t ’ lc , i ; .ulIt ’ i  te n t Ine ’ f e t i  ( t ,u I , m un i m n ej  r i c e d  I i m u i c ’ c, m mmc )  r m m l , i r ’ .

c t f  VtleiI 1 , t ’ ’c ’  ‘‘I’t t Ii ,it t f ~ ’ m u m c ’ i i u c c c t ) ’ .f • ( i i I I c ’ i t , m u e c h  m , ’ v d t ’w i , t , i u i c h , u m c t c ,  t m c u u n m  umnrj . l u im . ’, utucui ic ;
icc,- c i~ m c  f c c c  lit e le ’ ,iI wi t In i dIi ~ ‘ m c  ui I t - i  n i  i ,~tlii ’n tli ,mn c e i ln e c u t l i ,euu I ( ‘ lUll uli ’,u lumii i wi th lu.ita m i mmli; ,,nrt l

.u te , u l ’ , - ,i’, it ’ ltili i u u , d i i i t ’ ,,’dt  1 mie’w u t c ’ u m u  nt  w e im k m u (n,u l , u un i mu l ct  mn u ,, e - i iu u mc ’ s
cc I I ‘ ‘‘‘I minim

I (~ 108 ,et i u i c e d  in’ t he’ liii run g  mo rn cii ~t ’ 1 /‘~Vc;i-t (Se ’, me ’
11 1011 c i m , i t ’e i t f n , ut  c u i c c ’ .’.,m u i i’ ’ , c m t  Pal  ‘ul’j l 1~d lt m lim’ t , u r c , uu  I) IN’’ C ,c ur ve ’ i ue ’r Mu I u ’e f e ’ m u m )  Iit ’vui ’c,’,’ ci t

i ’ t c ’ i ’ , i i n ’ c b  m m i , i - r u nu ,~u i lt~u lu ,men , ‘ i’ , iuui c ’Iu , I’eii t i i c l t ’ ’ ; i ’ - I5 f ) 1 ~ ) l l 1  t e,I/ ,t ‘ ‘B,m.l-atmce Oualit} ’ of Rotating Rigid
li m i t - h  N,cu’.’ ,,’ , i i , u i c  Swi ’cic s f u , I ) uu l i  Ii , ,uui t I , l,iIt .uuiO ~.,’ Bodi&s e m i l proposuil to include flexib le rotors wu t in

min t l im it h ut -c , I nn ’ jtui lel isln i ’ i I Icy f l u ’  sI , iune f ,u rcfc , u u c l , u m u c _ - ,e t I c ’ f tc l l c mw ui n g Ice- i’ l~,ui t si~~c~ct ’

t u m n u e ’ , m e t  , u( n l tu ,u i n nm , , t u ’ umue ’ unul m e ’ r t r i n i t i es I ( ‘ Ot~ Se ’c me ’
i ,mem ,m t will t ’,’,n rcn umuuu i e ’.ile’ tiii’ Se mi ’ ,,’ of thus ne ’ ~u nf i i t u c uo  • 5110111 HANOI Iic ’ fc i ne ’  liii ’ m ui ’’,t cr i e ’ t ’ t m m i r i  c t

t ee lim e ’ u e ’ ’ ; f ’ i ’ c i t S - i ’ uu c e ’ n n ulce ’r l u c i c f i i ’i; S t , tui ‘c ’r~ m ’  ,e n e ’v isueiml iii lSOllidll ce’liit ’hr
t ,lIn i’S m n i t u i  ,lc ’euuun i t  t i re ’ ,- t c c u u c n u e ’ umnc, i i’ n ’ iVe ’ c t

~-\l,i- l ml c rfc ’ct t i m ,u t P. m i l  lt’ t ’,(l/() u ’ nne rw , u i n i t u i uv ic l  by S I. t lN( ’e HAN(~ l te m ccm i i i , uc l e ’i tIne ’ I nu ’ mnn ’h dciii
If  - tUtu mmmcl will he’ i c ’t , m ’ ,m ’it  ln~ tim e’ it ItlIt Set ue ’ I , i e  m, ul u uui ’ u rt i’m - I Nd’.m ) Wil ie f r ‘.u mc n e l t ’s tcn t lu, ,t ,i t ’cc ini(mmn m i k l
l i r e ’  n c ’c , t ’.e ’,h I’;t~,l il’i~ t /u )  ce’ ill t i n u ’n It, ’ t m , i r r s n uu t t m ’el i ui~iet l imit fl e ’’c cl c lc ’ u,nlcru m l,’, u un mm i ’ nt  lie ’ pui’in ,iie’mt

t i c  t im e P.m 1 (‘c ’ uu ti ,uI ‘ ‘ c c  ‘ ‘ t i n i _ mt is .1 t u t u  It;i e ’ iuu ,uli ,i im ,il l c ~ ~e( ’ 1
, t . u i i m h , u i c l  f u n  ‘,~m rt iu~~ l m ’ ~ i l l  I~~( 1 fe,4i imutt i ~i I t o i t e e ’ - ,

I I ’ I l i t i  ,uu l m i ’e’el lh,ui ,u i t ’ ’ , mi, i i i  It t, uu u nm c ’un l , t ,t kum i g urr t e

It w .us n~~i~t n ~
,’~t ili,,t t l i u ’ iO ‘‘ t i m e c i l e t  lee ’ c h i c ,  c u u i u e ’ unt c m i i  ,lu ’ iS m i u i l i  , n u n u u u c c ’ i u l’ c ne ’ e - ’ivi~ 1 , will tie’ ienrw , m r t le ’e l t el (lie’

t I m e ’ mly m r , m n m imc e e ’’ , m c ,c uu ’ ; e ’ m e l  f l e ’ n , u lele ’  re~ii’ c , m u u m n c ’c t u c e u n ’ , l~~t. ) ( ‘e ’ u i t u , e l  ~,‘c u e ’ l ,uc u ,ut liii t i t l e ’ ii , m I )u, , hi l,it,e,ni,r
l imi t  lu e mt un e ’ m c ’’,l u , uic ’ ,i Inmmn i ku n i e ;  l ,e i  ui~t e ’ nnm , , l i- i r i m u tiu u c , i  m c i i  tu ,n nu , i l ~it ,lilel ,iumI

c ’ u ut m u u u m ’ ’ ,f I Ire ’ , c t c n c  mm c m i i  ‘, t i m muuh ef  t , ,ku ’ u m i t im  em i ‘o m it

Ihi’ ‘, t i l h i m ’ ’.’, i c u m e l c e ’u t i e ’ i  iii t f c u ’se ’ c , n u e n e ’ c I u m e u m ’ ;  iii t h e e ’’ ’ With ue ’ ’,i ee ’ e ’ t (ci the’ Iu ,li ’ki ti c mcuui m l In ,u im e ’i iss m i c ’it c m i  the ’
u- we ’ ll i - ( h u e ’  u ’ f l e ’ m t ’ , iii le c n m n ,u , c ia t im u u ’ , , i i e ’ ,is te l  m m c ’ c i ’es ,,i y t seg i r ’n atu . u imn ln e ’ l~v r’e ’nr S( ’.’ m u d  5( ’’l -

urr tu ’ mnm ,,I i e me ’ ss m uu n’ .t nre f m l i i ’ umuu c  el ie ’ ii ist ,iuui - e ’ ic r 11mm’ ilimuti I ( ‘ lOll ,um gi e’e ’ct t el i tmmnim ,u Si’c u e ’t ,ui iii Stm ’e ’ m min i Coin
en iii.’ ‘u p e e ’ l im ie’ m i t  t i e ’ to mitIe1ie~,c c l ume ’ st  minis ne ’ I , m t e ’ ul 1c m areas cit me’
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s~m i c u u . i I m u b u t y  1 c m  5 (2  , u mm t t SC4 , iespe ’tively and doc SC4N67) , in partucu lar it nim ’ted Resolution No,
ioum n tl y 1 which it adopted as follows TCIO8 rioted that

a fter review of conniments the edited version oi
Aennend niments of uS02631 (doc 108/4N66) welt

1 C 1013 ,i i i 1mret ’ , i~ l t ime ’ Ii ille winne 3 si - c upe ’ fo r SC~3 Stan be subm itted to the ISO Centraf Secretariat for
m t , um ’ . t i - ’ ,m i i m m m i  mum t I me ’ fme ’ lm l c m l  p.c and c- ,ilihmjt ioui of publication ,ms a draft amendn ecnt to ISO 263 1
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was used with a f ixed spacing between the record/playbackANALYSIS AND DESIGN heads to introduce a time delay . For both experiments ,
comparison with theory was good .

79.3
ANALYTICAL METHODS An Algorithm for the Multi variate Spectral Aualy ámilAlso see No, 43) of Linear Systems

1,M. Romnberg

79 ~ 
Engrg, Res Div., Australian Atonuic E nerqy Coinritus-

- 
sion Res, Establish m en t , Lucas Heig hts , New SouthReaearch Method of the Eigeiunodes and Generalized Wales 2232 , Australia , J. Sound Vib . 59 (3), pp 395-Elements of a Linear Mechanical Structure —
404 (Aug 8 , 1978) 5 figs , 10 netsR Fillod and J Piranda

Laboratoire de Mécanique Appliqu~e, associ~ au Key Words: Spectrum analysis , Linear systems, AlgorithmsC.N.R.S., Besancon, France , Shock Vib. Bull ,, U.S.
Naval Res, Lab,, Proc., Vol . 48, Pt. 3, pp 5-12 (Sept A computational alg orithm is presented for the multiv ar iate
1978) 5 figs, 10 refs spectral analysis of linear systems. A review is giveei of

traditional formulations for the partial spectral density,
transfer and coherence functions. They are more efficientlyKey Words: Natural frequen cies , Normal modes . Linear evaluated by manipulating the system spectral (augmented)systems
matrix with a simple recurrence equation , The computational

The determination of the eigenfrequencies, eigenmodes and procedures for performing the relevant calculations are dis-
cussed in detail, and to demonstrate the advantages of thegeneralized elements of a Structure is fundamental in the

study of its dynamic behavior (e.g. fluttering of planes). present method the twoj hase flow stability of a heated
channel is identified from hydrodynamic and vibrationOf all the methods tested , those based on the appropriation
measurements,of modes seem to give the most accura te res ults. The method

presented in this paper is based on the appropriation method
and permits determination of the eigenvectors and general .
izad elements directly by calculus from the forced responses
to a given frequency.

794
Development of a Finite Dynam ic Element for F ree

79.2 Vib ration AnaI y~ s of Two-Dimensional Structures
Time Delay Bias Errors in Estimating Frequency K , K . Gupta
Reapon ae and Coherence Functions Je t Pro pulsi on Lab , , California Inst . of Tech , Pasa-
A.F . Seybert and J, F , Hamilton dena , CA , Intl . J, Numer , Methods Engr , 12 (8).
Dept. of Mech , Engrg,, Univ . of Kentucky, Lexing- pp 1311-1327(1978) 4 figs . 1 table , 7 refs
ton, KY 40506, J. Sound Vib., 60 (1 ,1 , pp 1-9 (Sept
8, 1978) 5 fi gs, 11 refs Key Words: Free vibration, Finite element technique

Kay Words: Error analysis , Signal processing techniques, The paper devel ops en efficient free ’vibration analysis pro-
Time-dependent parameters cedure of two’d imensiona l st ructures. This is achieved by

employing a discretization technique based on a recently
This paper discus ses the problem of bias error s introduced developed concept of finite dynamic elements , involving
when frequency respon se and coherence func tions are higher order dynamic correction terms in the associa ted
estimated for systems in which a time delay is present. stiffness and inertia matrices. A plane rectangular dynam ic
Theory is devel oped showing the dependence of the bias element is developed in detail. Numerical soluti on results
errors on the time delay, the bandwidth and the length of of free -vibration analysis present ed herein clearly indicate
the sample record of the input/output processes. Two ex- that these dynamic elements com bined with a suitable
perimen ts were designed to check the theory . In one ex- quadrat ic matrix eigenprobt em solution techniq ue effect
periment a loud speaker , driven by white noise , and a micro . a most econom ical and efficient solution for such an analy~phone were uaed . In a second experiment a tape recorder u s when compared with the usual fini te element method.
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79.5 C N B S . Faculté des Scuenrt’s de Besancon. France ,

The K-Quotient Shock Vib . Bull ,, U.S. Naval Res. Lab., Proc., Vol.

A .B Ku 48, Pt. 3,pp 71-81 (Sept 1978} 5 refs
Dept of Civil I. nqrq , Univ ol Dt’tm out , Detno mt . Ml
4822 1 , J Sound Vub , 60 ( 1) . pp 63-69 (Sept 8, Key Words: Mat hematica l models , Parameter identification

1978) 4 tables , 7 rots technique

A method of calculatin g the modifications of a discrete .
Key Words: Eigenvlaue problems conservative model , which enables one to reduce the distance

between its dynamic behavior and the one identified on
The Rayleig h Quotient and a recently proposed Timoshenko the physical structure is presented. An initial approximate
Quotient are upper bounds to the fundamental eigenva lue model is known and results from a discreti zat ion “ a priori ”
of a d iscrete dynamic system. In the present paper, ~ new for example by finite element meth od. The results of a
quotient is presented . This quotient does not require the numerical simulation are presented.
closeness of the trial vector to the eigenmod e and its ac-
curacy is improvable by raising the numerical value of the
parameter p.

79-8
Laguerre Funct ion Representation of Transients

OPTIMIZATION TECHNIQUES G B . Spalding
Wright State University, Dayton . OH . Shock Vib.
Bull ., U.S. Naval Res. Lab., Proc ., Vol . 48 . Pt. 1,

794k pp 137-141 (Sept 1978) 4 t igs .4 rets

Opt ’uuality Criterion Techniques Applied to Mechaisi-
cal Design Key Words: Dynamic response , Damped structures , Mathe-

matical modelsM R . Khan , W A . Thornton , and K 0. Wil lmert
Clji kson College of Technology . Potsdam , NY , ~ This paper discusses Laguerte functions and their use in
Mech . Des,, Trans. ASME . 

~~~~~ 
(2) . pp 319.327 modeling the dynamic resporse of highly damped systems.

(Apr 1978) 8 fi gs , 9 tab les , 22 nets Laguerre functions of varying time consta nt are generated
from the Laguerre polynomial s . By sampling at the axis

Key Words: Optimization . Minimum weigh t design . Natural crossings of the nth order Laguer ne polynomial , system re-
sponse can be represented by a finite set of orth onorma l

fre ctuencies vect ors. These vectors provide both a rep resentation that is
exact at t he measurement points and interpolation functions

Presented are two optimality criterion techniques for the
that can be suited to the application.

minimum weight design of mechanical and structural sys-
tem s subject to limitations on stresses and natural freq uen.
cies. The results , based on their application to several exam~
pIes, are compa red with those obtained by other researchers PARAMETER IDENTIFICATION
and with standa rd nonlinear mathematical programm ing
techniques , as well as with a special linear approach.

79.9

Frequency Domain Structural Parameter Estimation
FINITE ELEMENT MODELING W .F , Krieger

lSi’v Ni). 121) Ph .D. Thesis , Purdue Univ ., 180 pp (1977)
UM 7813076

MODELING Key Words: Frequency domain , Parameter identification
technique

A new methodology for estimating struct ural parameters
79-7 recursivel y in the fr equency domain is developed. Maximum
Adjustment of a Consertuatiec Non (;ym sc opic tike lih ood and Bayesian estimates are obtained , as are the
Mathematical Model from Measu rement appropriate confidence regions. A compu ter simu lation

L Buq,’at , B Fillcxl , (3 . Lal lement , arid J . Piranda example is carried out so that the performance of the new

labc )rato ,re dit M~~anique Appliquee, assoc me au methodology can be evaluated ,
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79.10 79-12
Mechanical System Identificatious and Decouisposition Crashwort hiness of Motor ~ ehidca. A Subject B~bIio’
by Dynamic Data System Methodology graphy Irons Highway Safely Literatu re
E Garcia Garde,i L F lynn
Ph 0 Thesis , I he Univ of Wisconsin-M adisor 2b4 re hnical Services Div ., National Highway Trat ff t -
Pt) (1978) Satc t ’5’ Aduluin - - Wdshingtoru , D.C~, Rt’pt . No . DOT-
UM 7811722 H5803 241 , 21 1 pp (Mar 1978)

P8-281 7 16/ iDA
Key Words: System identification technique , Dynamic data
system technique , Stochastic processes Key Words: Bibliography, Collision research (automotive)

The identification of mechanical systems is necessary in The bibliography represents literature acquired since the
order to better anal yze and control the system ’s behavior , establishment of the National Highway Traffic Safety Ad .
Existing identification approaches either involve postulating ministration (NHT SA) as related to the crashworthiness
a mathematical model based on first prin ciples or employ of motor vehicles , It is compri sed of NHTSA contract re-
experimental techniques such as frequency res ponse having ports , reports of other organizations concerned with hig h.
both advantages and disa dvantages. This thesis uses a new way safety, and art icles from periodicals in related fields.
approach called Dynamic Data System (DDS) methodology
for mechanical system identification and decomposition.
The DOS methodology considers the stochastic nature of
operational data and develops physicall y meaningful stoch - 79-13
astic difference/di fferential equations. SOil Structure Interactions (A Bibliograp hy with

Abst racts)
Ci E Haborcorn , Jr .

DESIGN INFORMATION N~tiori~l Jt ’chriic~.il lruform atuon Service , Springfield ,
VA , 116 pp (July 1978)
N r IS/PS-781071 7/5GA

79- 11
Engineering Design Handbook Computer Aided Key Words: Bibliogr aphies , Interaction: soil-structure ,
Design of Mechanical Systems. Part Two Tunnels, Pipes (tubes) , Pile structure s , Hardened install s-

E .J, Haug and J .S Arora tions
Army Materiel Developmeru t and Readiness Corn 

Interactions resulting from loads exerted on soils and struc-
rnand . Alexandria , VA , Rept. Na DARCOM-P , tu res are review ed. Such diversified structures as tunnels ,
706-193 , 538 pp (Sept 1977) cOnduits, pipes , piles , hardened installations , and plow

AD-A055 008/7 GA blades are covered . Loads resulting from nuclear explosions
as wel l as physical loads are investigated. Earthquake con-
tributing loads are excluded,Key Words: Design techniques , Computer .aided techniques ,

Mechanical systems . Manuals and handbooks

This handbook Cons ists of in’dapth treatments of several
specific classes of design problems , employing and adva ncing MODAL ANAL YSIS AN D SYNTHESIS
the th eoret ical development and initial structural applica- (Als o set’ Nos . 78 , 79 , 80, 104 1
ti ons of AMCP 106-192. The approach taken is to treat
problems th at fall in fields such as fail safe structural design ,
structural dynamics optimization . contact analysis and
design , and vehicle suspension design in enough depth that 79~~4advanced system designers can follow throug h a relatively Load Transfomsation Development Consistent withrealistic design problem. It is hoped that this set of exam-
ples also will motivate accelerated application of techniques Modal Synthesis Techniques
for mechanical design optimization. B - F - Hruda and P.J Jones

Mart in Marietta Corp., Denver , CO . Shock Vib.
Bull ., U.S. Naval Res. Lab., Pt oc,, Vol . 48, Pt. 1 .
pp 103~109 (Sept 1978) 6 f iqs . 1 table , I ref

SURVEYS AND BIBLIOGRAPHIES Key Words: Modal synthesis
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A method is presented for the development of component COMPUTER PROGRAMSinternal load tran sformations consistent with modal sy n-
thesis procedures. The resulting load transformations account
for component interactions across staticall y indeterminate
interfaces, A unique approach of obtaining these transfor-
mations is presented which , for large systems , would be
economical. Further , a modified modal coupling procedure GENERALis employed which offers advantages over previous tech- 

(A lso su-t~ Nos 84 , 123niques.

79-17
79 45 Stif f ness and Flexib ility Element tor SAP4
Reduced System Models Using Modal Osci llators for 

~ w . Coats
Subsystems (Rationall y Normalized Modes) Lawrence Livermore Lab., California Univ., Liver
R H Wolf f  and A.J Mo lnar 

~~~~ CA , Rept No. UCID 1 7654 , 7 pp (Oct 27 ,
Westing house R&D Center , Pittsburgh , PA 15235, 1977)
Sho(-k Vib Bull ., U.S. Naval Res Lab . Proc , Vol N~18-25471
48 , Pt , 1 , pp 111118 (Sept 1978) 6 figs , 4 rets

Key Words: SAP (computer program), Stiffness methods,
Key Words: Modal models , Math ematical models Flexibility methods

This paper develops a method of using modal oscillators A stiffness and flexibility element was added to the SAP4
to represent comptex structural subc omponents which can program . Direct input of a member stiffness or member
be applied to unidirectional mod els, flexibility matrix is now possible. This element is used to

reduce significan tf~’ the number of degrees of freedom
in a large mathematical model by presenting a portion or
portions of the struc t ure with one or more of these etc .

7916 ments.
A Building Block A pproac h to the Dynam ic Behavio r
of Complex Structures (Jsi ng Exper inental and
Analytica l Modal Modeling Techn iques 79-18
J C Crorner . M. Lalanne , D. Bonnecase . and L. A Source of Large Errors in Calculating SystemGatidr 01 

Frequencieslnst itut National des Sciences Appliqu~es , Vi l leur-  
A M . Mains

banne , Frant e~ Shoc k Vib. Bull., U.S. Naval Res. Dept. of Civil Engrg., Washington Univ., St. Louis ,Lab., Pro - ,, Vol . 48 . Pt. 1 , Pp 77- 91 (Sept 1978) 
MO, Shock Vib Bull , U.S. Naval Res. Lab ,. Proc .14 figs , 4 tables , 27 ref s 
Vol . 48. Pt. 3, pp 1 - 4 (Sept 1978) 1 fig, 3 tables

Key Words: Modal models. Building block approach 
Key Words: Error analysis, Computer programs. Natural
frequenciesIn the case of complex structures whose equations of motion

cannot be obtained directly, even by finite element techni- 
Attention is celled t o errors in system frequency calculationsques, it may be possible to get their potential and kinetic 
resulting fr om the use of non-diagonal mass matrices withenergies fr om experiments. A building block approach taking 
eigenva lue routines that replace the mass matrix with itsinto account constrained or unconstrained substructu res ~S eigenv alues before proceeding to the calculation of systemused. Components whose properties are determined by 
frequencies. The errors are illustrated in several differentexperiments are connected to tho se modeled by finite ele- 
solutions of an 18 degree.of-freedom system. How to avo idment techniques, In connection with theoretical formula . 
these errors is presentedlions, experimental devices and procedure s are presented,

A new transfer function analy zer system has been used. The
constrained and unconstrained modal methods are applied
first t o a beam in bending in order to point Out the cx- 

79 19perimental as pects of these techniques. The methods are then
applied so a complex p ractical structure and agreement Helicopter Tranin iasion Vib ration and Noise Re-
betwee n experimental and theoreti cal results is show n to duction Program. ~‘olumc H. User’s Manual
be qood . J.J. S~’iarua . R ,W Howells , .1W. Lensk i, Jr ., and
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N.J. Drago A theoretical development and associated digita l computer
Boeing Verto l Co., Philadelphia , PA , Ropt No program system for the dynamic simulation and stabili ty
D210.1 1236-2 , USARTL-TR-78-2B . 431 P1) (Mar analysis of passive and actively controll ed spacecraft are

presented. The dynamic system (spacecraft) is modeled1978)
as an assembly of rigid and/or flexible bodies not neces-

AD-A054 827/ 1GA sarily in a top o logical tree confi guration. The computer
program system is used to invest igate total system dynamic

Key Wo rc’s : Computer programs , Manuals and handbooks , char acteristics , inc luding interaction effects between rigid
Power tr ansmission systems, Helicopter engines, Vibration and/or flexible bodies, control systems, and a wide range
control , Noise reduction of environmental loadings. In addition, the program system

is used for designing attitude contr ol systems and for eval-
The obj ective of the Helicopter Transm iss ion Vib ration/ Uating total dynamic system performance , including time
Noise Reduction Program was to generate analytical tooll domain respon se and frequency domain stability anal y ses.
for the predictio n and reduction of helicopter transmission
vibration/noise that prov ide the capabili ty to perform trade
studies during the design stage of a p rogram , The wo .’k
conducted under this program is highly computer .o riented
and makes extensive use of several computer programs as ENVIRONMENTS
indicated in the technical report (Volum e 1). This User ’s
Manual describes these computer programs , presents ration-
ale for their use, and discusses their application.

ACOUSTIC
(Also see Nos. 62,73,77 , 146, 147 , 160)

79-20
A Compact Computer Program for Calculating
Rasciding Stresses and Natura l Frequenc ies of Vibra . 79-22
tion of Pninat ic Plat e A ssesssblies Mirror hssage Method of Anal yzing the Cotnbi ned
F .W. Williams and Ci . Wright Effect of Barr iers asid Absorbing Surfaces in Indus-
Dept. of Civil Engrg. and Bldg. Tech ., UWIST , Car trial Inter iors and Apartments
d a f f , U K , Intl. J . Nuttier , Methods Engr .. 12 (9) , S. Ciarnecki
pp 1429-1456 (1978) 6 fi gs. 1 table , 8 refs Inst . of Fundamental Technologic,il Arts., Polish

Academy of Sciences , Swietokrzyska 21 . 00-049
Key Words: Computer programs , Plates , Natural fr equencies Warsaw , Poland , Noise Control Engr ., 11 (1 ) . pp 18-

30 (July/Aug 1978) 12 figs , 13 refs
Low cost and increasing capabili ty favo r the use of mini-
computers as design tools. The 336 statement Fortran
program which is listed and explained was devel oped to use Key Words: Noise barriers , Industrial facilities
such smal l computers efficiently. It calculates the buckling
stresses , or the natural fr equencies o f vibration , of prismatic The effectiveness of barriers in the interiors of industrial

assemblies of longitudinal ly compressed isotropic plates. buildings is generally very tow because of the influence of
reflected waves. The author discusses the advantage of using
both barriers and abso rbing belts placed over the barriers
and presents the calculation method and measurements with
models as well as real , full- wale situations.

79-21
A Digital Computer Program for the Dynamic Inter-
act ion Sinulation of Controls and Structure (DIS-
COS). Volume i 79.23

C_ S. Bodfey, A 0. Devers, A C . Park , and H.P. Frisch Single Screen Noise Barrier
RN . FossGoddard Space Flig ht Center , NASA , Greenbelt , MD .

Rept, No. NASA-TP.1219-Vo l.1 , G7702-F26-Vo l-1 , Applied Physics Lab - 1013 N U . Fortieth St.. Seattle ,
WA 98105, Noise Control Engr ., 11 ( 1) , pp 40.44169 pp (May 1978)

N 78-25123 (July /Aug 1978) 10 figs . 3 refs

Key Words: Noise barriers , Sound transmission
Key Words: Computer programs . Digital techniques, Space.
craft , Attitude control systems A series of experimental measurements was conducted to
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determine the effect of barrier screens on she transmission frequencies and sound pressu re amplitudes are in good
of sou nd from a point source . Procedu res and retulis of agreement with experimental values at the lower modes.
t his resear ch are analyzed. Both resonant and off-resonant oscillation was investigated.

79-24 79-26
Roadside Barrier Effectiveness, Noise \leasssre,ssent A Note on Nonlinear Acoustic Resonances in ((act-
Program angular Cavities
E.J Rickl ey , U. Ingard , V ,C Cho , and R .W. Quinn J .J . Keller
Transportation Systc’riis CIr ., CarIbr dqit , MA , Rci~t Brown Boveri Res. Centre , CH-5405 , Baden , Switier-
No OOT -TSC NHTSA-78-24 , DOT-HS-803 289. land , J. Fluid Mech., 87 (2), pp 299-303 (July 26,
2’-0 pp (Apr 1978) 1978) 1 f ig. 6 ref s
P8- 282 045/4GA

Key Words: Cavity resonators , Acoustic reso nasors
Key Words: Noise bar riers , Acoustic linings . Noi se measure-
ment The problem of the resonant res ponse of a gas contained

in a two-dimensional rectangular cav ity to periodic (sinu-
A field noise measurement program was con ducted to assess soidal l veloci ty excitations at the walls of the cavity is
the performance of a variable height highway noise barrier investig ated. It is found that is some neighborhood of each

with and withou t an acoustic lining material. The barrier resonant fr equency there are disc ontinuous pressure dis-
site on Interstate 1- 93 in Andover MA was located adiacent turbances (shock waves). The present theory is an ex sen-
to an acoustically similar unobstructed site. The noise emis- sion of Chester ’ s theory on resonan ces in closed tubes.
s ion s from a common stream of veh icu lar traffic were mea-
sure d at both sires simultaneou sl y and compared to evaluate
the performance of the barrier. A 1000-foot-long barrier at
effective heig hts of 2.8, 6.8. 10.8 and 14.8 feet was mea- 79-27
sured and evaluated . Included in the repor t is the statistical Subjective Loudness of Sonic-Boom: N-Wave and
noise data from fourteen measuring systems for each barrier Miis insized (Low-Boom ) Signature s
config uration along with spectral data , traff ic information A Niediw ici ki  and H S Ribner
and meteorological conditions. -Toronto Univ.. Ontario , Canada. Rept No. UTIAS-

T N 2 1 f t  CN ISSN OO82 - 5263 , 27 pp (Nov 1977)
N78-24896

79-25
Self- Excited Depth-Mode Resonance for a Wall- Key Words: Sonic boom , Acoustic properties
Mounted Cavity in Turbulent How
S.A . Elder A loudspeaker-driven simulation booth with extended rise-

Physics Dept., U S. Nava l Academy, Annapolis , time capability (down to 0.22 ms) was used for sub (ect ive
loudness tests of sonic booms. Test series I compared N.MD 21402 , J. Acoust , Soc . An ei ., 64 (3) pp 877- waves over a range of 0.22 to 10 ms rise time . 100 to 250

890 (Sept 1978) 16 figs , 3 tables , 52 ruts ms duration and 0.5 to 2.0 psf (2’~ to 96 N/sq m) peak over-
pressure. Tradeoff between rise time and overpressure was

Key Words: Hetmholtz retonarors measured for equal loudness , as well as the tra deoff between
duration and ove rp ressure , Test series 2 compared certain

Experimental and theoretical results are presented for a wall- ~~t-t0 P sonic boom signa tures wilts a reference N-wave
mounted cavity in turbulent flow , osc illating at t-f etm ho ltz (0.5 psf , 1 ms rise time , 150 ms duration).
or depth’mode resonance , where the mouth dimensions are
small compared with acoustic wavelength, A new , com-
put erized , hot-wire method was employed to investigate
the o sc il lating flow fi eld in the cavity mouth , Measu red 79-28
wavelength of the interface wave agrees well w it h predic Underwater Acoust ic Properties of Corii -Rubbcr
tions of Micfs afke , using an equwalent laminar flow model H,A .1. Riçrt j ,i
bared on the oscillating mean velocity profil e . By means Physii- s I ab - NyU- INt’l, Iftt ’ 1-l aqur’ Netherland s ,of a forward transfer function derived fro m the theo retical
int erface wave model and a backward transfe r function de- Rept . No Ph L -19 1 1-16 , IDCK-69 1 88. 45 t i i~ 

(Apr

rived from organ-pipe theo ry, a root locus solution of the 1917)
frequen cy lock-in problem has been obtained, Predict ed N78-26885
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Key Words: Underwater sound, Acoustic absorpt ion. Rubber Radiopfi’,sica l Hes Inst., (j~irk~ - USSR , Acustica .
3k,) (5) pp 298 306 (Apr 1978) 111 figs , 14 r~ f s

The ability of cork-rubber compounds to absorb sou nd under
water is well known , but generally this prope rty var ies

Key Words: Acoustic radiation , Acoustic properties , Elasticstrongly with hydrostatic pres su re. A large number of differ-
waves . Waveguide anal ysis , Resonatorsent compositions was investigated , leading to the discove ry

of materials sup erior to others as a sound absorb ing material
Some results of the theoretical and ex peri mentel investi ga-in electr oacoust ic transducers for deep submergence.
ti o ns of the di spersion non hinea, acous rics phenomena in
acoustic waveguides and reson ators are discussed . In such
sy stems the di spersion provides the pcss ibi l ity of resonant

79-29 energy transformation between different modes at selected
frequencies. The following processes are considered psiame-

Trananission Characteri stics of Sound Pulse Throug h tric amplification of traveling waves in waveguides, parame-
Circular Plate tr ic generation of sou nd (PGS) in resonators with fluid and
I Nakayarrra . A N~ik~irr ui,r~i, and H F~kr.’tichi ring solid-stare resonators; auto-m odulat ion of intensive
Inst of Scientif ic and Iridustr iji Res , Osaka Univ sound; multifrequency processes including a quasi-no ise

‘r’amadakarni . Suea , (.)~ ik,i 565 , Japan , ~
, uStica , generation; propagation of st ationary acoust ic pulses (elas-

tic solutions) in solid rods and peculiarities of their dissipa-4 0 ( 1) , pp 40 45 (Max 1978( 7 f i i js , 7 i f s t ior r .

Key Words: Sound waves , Hole-containing media , Plates

Measurements are made of the radiation field of a single PERIODIC
sound pulse through a circular ape rture in a wal l and also t See Ne 431
through a thin metal plate clamped on a baffle when the
pulse imping es perpendicularly. The radiated waveforms are
simulated by the Fourier transformation under t Ine assump-
tion of the piston motion of the air and of the plate at the RANDOM
boundar y , The insulation c haracter is : ics of the plate for a lAke see Nos. 82 , t48 l
single sound pulse in the far-fiel d ar~ evaluated.

79-32

79-30 Incande sc ent Lazss p Life Under Randons Vibration

Amp litude - Depeirdent Attenuation of Acoustic C.J. Beck , Jr.
Shock Pulses in Ahrnsinuns Rod Boeing Aerospace Co., Seattle , WA . Shock Vib.
V . Yasumoto , .~ . Nakarnura , and R Takeiichi Bull ., U.S. Naval Res Lab.. Proc., Vol . 48 , Pt. 4 ,
Inst ot Sc ice t i f i c and lndust ria~ Res., Osaka Univ ., 

pp 71 ~81 (Sept 1978) 10 fig s . 9 tables , S refs
Osaka . Jap in, Acustica , 39 (51 , pp 307-315 (Apr
1978) 12 fi gs , 4 tables , 6 refs Key Words: Lamps . Random vibr ation , Testing techniques

Several sets of incandescent lamps were subjected to random
Key Word s . Acoustic absorption . Shoc k excitation , Rods vibrat ion in order to generate a curve of lam p life versus

vibration level. Each set of lamps was v ibrated until all lamps
Exp eriment vl study is made of the attenuation characteristic failed or for a maximum time of 2-1 12 hours. The tests were
dependency o 1 amplitude of acoustic shock pulses propa- conducted w ith lamps energized and not energized.
gating in aIuminu s~ rods . Attenuation constants are measured
as a function of ~he peak values of stress and strain of the
shock pulses in the aluminum rods before and after anneal-
ing at v arious temperatures. A discussion is given of the 79.33
microscopical and macroscopicat hysteresis loss by means Fracture Mechanics A pp lied to Step-Stress Fatigueof the stress-strain relationship for shock pulses.

t inder Sine/Random Vibration
R .G. Lambert
Genera) Electric Co.. Utica , NY 1 3503. Shock Vib.

79-31 Bull., U.S. Naval Res. Lab., Proc . Vol . 48 , Pt, 3,
Nonlinear and Parametric Phenomena in l)isperssve pp 93-10 1 (Sept 1978) 9 figs 1 table . 7 ref s
Acoust ic Systems
L A Ost rovsky, l.A. Soustova , and A ,M Sutirt Key Words: Fatig ue life , Random vibration
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A proposed cumulative fatigue damage law is derived which Keio Univ. , Yokoh ama , Japan. Bull. JSML . 21
uses fracture mechanics theory as it s basis in order to predict ( 157),  pp 1103 1112 (July 1978) 20 figs , 6 ret s
the fati gue life of structures sublected to seve ral levels of
sequentia l ly applied stress. The proposed law applies to all
initi al crack (i.e. . flaw) sizes in the structure. The proper key Words. Seismic excitatio n, Nonlinear damping, Iran;-

bou ndary condition to be imposed at th , int erface of th , mission lines , Random excitation

two stress regi ons is analyzed.
Thi s paper deals with a fundamental research for the sar is-
mic design of a 500KV air circuit breaker. In particular ,
effects of nonlinearity of the damping device , which is con-

79 34 nected to stays , on the seism ic response of the circuit breaker

First-Pas sage Failure Probability in Random V ibra- are theoretic al ly investigated .

(ion of Structures with Random Propert ies
N Nakagawa , R . Kawai , and K Funahash i
Faculty of Engrq - Kobe Un iv ., Kube , .l~p~ri . Shee L 79 37
V ib Bul l  - U. S Nava l Rtrs. Lab . Proc ., Vol. 48 , Nonlinear .4naly sia of Reinforced Concrete Planar

Pt 3, pp 8392 (Sept 1978) 1 fi g, 4 rets Structures Subject to Monotonic, Reversed Cyclic
and Dynamic Loads

Key Words: Failure analysis , Probability theory , Random A.B. Agrawal
vibration Ph .D. Thesis , The Univ . of New Brunswick . Canada

(1977)
The first-pass age failure prob lem is treated in random vibra-
tion of structures with damping, considered as a random
varia ble. First , nonstationary res ponses are generally ana- Key Words. Reinforced concrete , Dynamic response , Non-

lyzed for random vibration of structures , which have random linear analysis . Finite element technique , Seism ic excitation

properties. Using the derivative method , statistical values of
responses (mean function and autocovariance function ) are This the sis is concerned with the incremental nonlinear

obtained , Thereafter , the first-passage failure probability analysis of reinforced concr ete planar structures sub iect to

is considered. monoton icat ly increasing, reversed cyclic and dynamic
Iseismic) loadings. The proposed analytical model is based
on the finite element method. Both plain concrete and st eel
reinforcement are idealized as elasto-plas t ic materials. The

7935 formulation is f irst applied to trace the load-deflection

The Business Machine Vibrat ion Envimninetst 
res ponse of shear panels and coup ling beams under mono-
tonic and reversed cyclic loads , and to a shear well subject

D W Skinner and .1 L Zable to load reversals. The results com pare favorably with avail-
IBM Corporation , J. F nv i ron . Sci . 21 (5), pp 1 6-2 1 able experimental data.

ISept ‘(..)-t 1978) 15 figs , 6 r~ fs

Key Words. Equipment response , Vibration excitation SHOCK
lAke See Nos. 12 , 27 , 49 , 151 . 152 , 153 . 1931

Data is presented which depicts the vibration environment of
business mach ines in the functional State. Dat a also is pre-
sented on the sh ipping environment , The data is discussed
as to the nature of th e vibration and the effects of the 79-38
machine /environment interaction. An analytical model is Propagation of a Hyp erdeto nati on Shock Vv avc in
developed and discussed , a Nonlsomog eneous Medium

S. Kal iski
Inst P Pi isrna Physics ted Lisi ’r Micncli i s ion LU.

SEISMIC Poc IP - 00 PPP - War raw , -~~~ P~ I.i~d - Bull Ac id
(Also see Not I.*I. 139 , 163) Polonn . .S i  , Sir Si - n .  Tec h.. ‘6 (4) , ~~~~ 

7~ p1 (16 7 P1
4 f i t - c  7 n t I s

79-36 Key Words: Shoc ii. wave propagation
Response Analysis of 500kV Circuit Breaker with
Nonlinear Damping Devices t i nder Seiamic Excitation The simple approximate formulae which have been obtained

S Fiiprrroto , I Shirnogo . t riP M A re allow appraisal of the velocity of a hyperdetonation shock
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w ave Iron t Ith e ve loc ity of particles at th e wave front ) in Key Wo rds: Explosion s , Blast loads , Measurement tech-

a nonh omogeneous body of decreasing dens ity. niqu es

A non-contacting method of measuring the quantit y of light’
ini niable explosive previously applied to a surface is de-

79 39 scnibed. Design parameters , calibration procedures and field

Research on Shock Vf’ ave-Tur buls’tlt Uouisdary Layer results are given for a beta bac kscatter gage whici i measures
the areal density of a layer of the primar y explos ive , silver

Interaction acetytide-silver nitrate (SASNI , on a carbon or aluminum
.1 . Deler y sub-surface. The “ radiation patterns ” produced by the gage
Luroi’ean Spa t: Agency, Pa ris , F ranici ’, Rept No. using three different beta source geometries were determined

ESA II 476 , pp 31 -6 1 (May 1978)(Lngl . t rans l. and their relative mer its are discusse d .

ot Li Rt ’ch Aeros pati,ilt ’, Bull . Bimestn el , Paris ,
No 1977-6 , pp 337 - 348 lNov - Dec 1977)
N 78-25362

79-42

Key Wo rdt : Shock waves . Turbulence Seismic Ground Motion frons Free-Field and Under-
buried Exp losive Sources

Interaction phenomena betwee n shock waves and turbulent J T Che rry, 1G . Barker , SM. Day , and P.L. Coleman
boundary layers are of major importance in transon ic flow. Sy stenris Science and Software , La Jolla . CA , Rept.
Coupling methods which exist at present to solve this prob- No. SSS- R-77~3349. 51 pp (July 1977)
tern depend on an accurate description of the behavior of
the boundary layer across a shock. Research at ONERA AD A055 141 /6GA
cover ; a w kfe range of Reynolds numbers. The systematic
examination of the results has led to the development of Key Words: Underground exptos ions , Nuclear explosions .
a semi-empirical method which gives a fair ly good representa- Ground motion , Experimental results , Mathematic al mode ls
tion of the thickening of the boundary layer during the
interaction. Small-scale laboratory ex peri ments were conducted and

analyzed to study the effect of the proximity of the free
surface on the seismic ground motions. Two classes of
experiments were done. In one the charges were far fro m

7940 the free-surface and the free -field displacement-time his-

Impedance Techniques for Scaling and for Predict ing tories were measured . In the second class the charges we re

Structure Responnar to Air Blast near the surface and were either fully contained or formed

F B Sat ford , R ,E Walker , and T F Kenned’~ 
a crater . The calculations are in good agreement with the
laborato ry data , providing verification of both the consti-

Agbabian Associates, El Segundo . CA . Shock Vib . tutive models and the methods.
Bull., US. Naval Res . Lab ., Proc., Vol . 48 , Pt~ 2 ,
pp 193-214 (Sept 1978) 78 fi gs, 3 tables , 9 rets

Key Words: Air blast , Stru t turat response. Scaling, Pre- 7943
diction techniques . Impedance Response to Moving Loads Over a Ccystall ine Half-

Trans fer impedances were measured on a 1/12-sca le model Space

and on its protot ype structure . The structure was the Pen - S. Dc
meter Acquisition Radar Building (PARS) of the SAFE’ Old Engineering Office (Qrsj , Santirniketan , Birbhum.
GUARD ABM System . The impedance measu rements for West Bengal , India , Shock Vib. Bull ., U.S. Naval Res.
both structures we re then used with air-blast loads to predic t Lab.. Proc., Vol . 48. Pt. 3, pp 63-70 ~Sept 7978)internal acceleration responses. 1 f ,q , l3 re fs

Key Words: Periodic response . Ground motion , Nuclear
7941 explosions . Wove prop agation
A Non-Contacting Beta Rackacatter Gage for l’.~-
ploaive Quantity Measurement The mathematical analysis to study the steady-state response

P B Higgins. F H Mathews , and B A BenahiT i to a line load moving w ith a cons t afln speed over a crystalline

Sandia Laboratories , Albuquerque , NM , Shock half-space is considered. The half ~space is supposed to be
composed of monoc linic . or ’thor hombic and cubic crystals.

Vib. Bull U.S. Njval Res Lab., Proc., Vol . 48. The solutions for th e cases of super son ic, subsonic and tran-
Pt. 4 , pp 113-126 (Sc pt 1978) 14 figs , 1 table . 6 refs sonic are inves t igated . 
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7944 A S .  Huand H. -T Chen
Work book for I’st’ussat ing Effects of Accidenta l Physical Science Lab. - New Mexico State Univ .,
Explosions in Propctlats t Ground h andling and Las Cruces , NM 88003, Shock Vib. Bull ., U.S. Naval
Transport Systems Res. Lab.. Proc.. Vol. 48 , Pt 2 , pp 123- 130 (Sept
W F 8~kt:r , .i .J . Kules’ , R E  Bit kt ’c , P . S. West ine , 7978) 8 figs , 4 rels
V B Pam , L M Varga s , and P.K. Moscl i-y
Southwest Res. Inst., P 0 Box 28510, San Antonio , Key Words: Impact response (mechanical), Harmonic
IX 78284 , Rept. No. NASA CR 3023, 273 pp analysis

(Aug 1978) Impact response data are often subiected to integration and
di f lerent iat ion pr ocedures. These procedures are tow - and

Key Words: Propellanss , Explosion effects . Underground high-pass filtering processes. This paper d iscusses the mea-
structures , Underground explosions su remens frequency response requi rements using harmonic

analysis and shows how these rsguirements are related to
This workboo k is a supplement to an earlier NASA pub lica- three differentiation procedures.
non . NASA CR-134906 , which is intended to prov id e the
designer and safety engineer with rapid methods for predict-
ing damage and hazards from explosions of liquid pro pellant
and compre ssed gas vessels used in ground sto rage , tran s port ,
and handling. Topics covered in variou s chapters are Est i-
mates of explosi ve y ield , Characteristics of pre ssure waves . On the Impact End in Longitudinal Dynamic Plastic
Effects of pres sure waves . Characteristics of fragm ents , Wave Propagation
and Effects of fr agments and relat ed toPics. D.w . Nicholsiv~ and A Phil l ips

Dept. of Engrg. and Applied Science . Yale Univ. ,
New Haven , CT 06628 , Acta . Mech., 29 , pp 75-92

7945 (1978) l3 re fs
Finite Element Analysis of Mult icons ponen l Strsjc-
tt ~res in Rigid Barrier Impacts Key Words: Impact shock , Shock waves , Wave propagation .
J l~ Gran. F C Schwer , .JD Colton , and H. F Lind- Rods, Laplace transformation

berg Several different dynamic plastic constitutive models are
SRI Internat ional , Menlo Par k , CA , Shock V ib. . . . .considered , using longitudinal wave propag ation in semi-
Bu l l .. LI S Naval Res. Lab . Proc .. Vol . 48 , Pt 2 . infinite rods. Both stress imp act and ve locity impact are
pp 753~ 160 lSept 1978) 12 figs , 3 refs treated . The Laplace Transform is used, and near the imp act

end the solution is obtai ned in terms of familiar special

Key Wo rdt : Guardrait t , Impac t response , Finite element functions.

technique

Techniques are presented for the transient ana lysis of multi-
component struc t ures impacting rigid barr iers using the finite 79,48
element method . The analysis considers distortion and failure Bird Impact Loading
of points , multiple impacts , and elastic-plastic material
behavior . The models for each component of an exam ple J.S. Wilbec k and J.P, Barber
structur e are developed separately, guided by the results of Air Force Materials Lab.. Wrig ht Patterso n AFB , OH.
impact experiments. A comparison of the predictions of Shock Vib. Bull ., U.S. Naval Res. Lab .. Proc ., Vol .
the se finite element models with the results of lhe ex peri- 48 , Pt. 2 , PP 115-122 (Sept 1978~ 6 figs , 8 rets
ments demonstrates the applica bility and accoracy of the
models. The complete structure is then analyzed by com-
bining the component models. The result is good correlation Key Words: Bird strikes , Experimental data . Impact load

of experiment and analytical prediction for the acceleration prediction

of a mass on a rather complex structure.
An extensive experimental program was undertaken to
investig ate the mechanics of bird impact and to defi ne the
loads which birds exert at impact. Bird impact pressu res

79-46 were measured by impacting birds against a heavy steel

- - , plate in which pie?oelectnic tran sducers were flush mounted .
1 rrquency Response and Dtffe rent ialio n Requtre- The experimental data is presented and compared with the
ments for hnpact Measurements predictions of a fluidyn&nic theory .
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G E N E R A L  WEAPON COMPOSITE

79-19 79-5 1
Probabilistic Failure Aisalysis of Lined Tunnels in Proc~.dinga of the 9th RA E Synspoaiuni: Fatigue
Rock Life of Structures Under Operational Load s
D A I veiist’it arid J I) Collins o Buxbaumn and U Schut’t,
.1 H Wiggins Co., H~t loiidci tte,e Ii , CA , Shot k Vi b LaDorafo riumn f Betriebsfestiq keit , Darmstadt , West
[3 ii l l  - II S Naval Ri’s Lab - Proc ., Vol , 48 , Pt. 2 , Geririany , Rept. No LBF TR -1 36 (1977) , ICAF
pp 2 1 ~ 231 (Sept I 978) 11 fi gs , 2 tables . 13 refs 9~j~ 644 pp (1977 )

N 78 2457 1
Key Words: Linings . Tunnels , Nuclear explosion ef fects

Key Words: Fatigue life , Composite material , AircraftA study was performed to develop a methodology for plan-
ning of nuclear underg round tests such that the negative 

The National Aeronautics and Space Administration hasimpac t of the uncertainty in the free-field weapons effects 
conducted research during the past decade to demonstrateand the structure capabilities would be minim ized. The paper 
the viability and desirability of using composites , principallydisc usses how to guide the design of the structures to max .- 
for civil aircraft, Similar research under sponsor sh ip of themize the acquisition of good data , and the methodo logy
Department of Defense has been in progress to exploit thesecould be directly applica ble to future nuclea r tests. 
materials for military aircraft systems. Some of the NASA
programs are outlined and examples are g iven of structural
improvements which have been demonstrated. An evaluation
is also given on complementary research to create the tech-79-50
no logy needed to design composite structures with con-

Some l)yisasi s ic Res ponse Enviroisnsenta l Measure- fidence.
nlenls of V arious Tactical Weapmss
W W Rim rr i i’rllt ’r

Naval Wi’,iptiric Ci ’milcr . China Lake , CA . Shock Vib
Bull , U S. N, val Res I ,iti . Pro , Vol 48, Pt. 4, DAMP 1NG
pp 151 158 (Sept 1918)  18 t i i 1~~, 11 mi ’Is (Also we No 97 1

Key Words: Weapons systems , Dynamic response, Measure-
ment techniques

79-52
This paper reports on pertinent results of several envi j on- l)ansp ing of an Engine Exhaust Stackmental dynamic measurement programs b r  widely diverse 

.1 J DeFelice and A D Nashittypes of tactical weapons. Included are s pectre for the
SL UFAE weapon mounted on a trac ked vehicle , the ASROC Sikorsky Airciatt Div . of United Technology Co rp .
missile mounted within launc her cells and magazines of St rat ford , CT UbbO2 . Shock V ib. Bull ., U.S. Naval
various classes of ships, the FAE-ll and GATOR free- fall Res. Lab., Proc ., Vol. 48 , Pt 2, pp 75-84 (Sept
weapons captive-flown on A- 7 and AV-8 aircraft , the Condor 1978) 14 figs , 1 table , 6 retsweap on captive-flown on an A-6 aircraft , and the MAD-
FA E weapon di s penser system suspended beneath a CH-53
helicopter . The character of the dynamic environments Key Words: Material dampin g, Helicopter eng ines , Exhaust
during weapon deployment is briefl y discussed, systems , Fatigue life

This paper describes a program whose objectiv e was to
introduce high damping into the helicopter engine exhaust

TRANSPORTATION extension in order to decrease its vibrational amplitude at
resonance and thereby increase its fat igue life, A specialized(Si~’ N~t tO O l 
high temperature damping material , in the fo~~ 01 vitreous
enamel , was utilized to work e lfect ive ly over the operational
temperature range of the exhaus t ex tension. The application
of this high temperature damping material to the engine
exhaust extension has s lg ni lica nf ly reduced the vibrational
amplitudes at resonance and thereby increased componentPHENOMENOLOGY se~~ice life.
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79.53 Key Words: Material damping . Mechanical pr operties ,
New Structural Dansping Technique for Vibration Nomog raphs

Control
An adaptation of the well known “reduced-frequency”B M. Patel , G. E Warnaka , and D J. Mead concep t for l inear damping materials is made, so as t o pro-

Lord Kinematics , Erie , PA , Shock Vib. Bull ,, U.S. duce a “reduced’temperature” nomogram. This simple
Naval Res. Lab., Proc ., Vol . 48, Pt. 2, pp 39-52 nomogram has the advantage of all owing one to direct ly
(Sept 1978) 12 figs , 7 refs read off the complex modulus prop erties of damping ma-

terials at any given temperature and frequency , without
the need for intermediate calculations.

Key Words: Material damping, Vibration control

A new structural damping config uration is presented which
makes efficient use of damping materials by subjecting them
to both shear and extensional deform ations , The configura- 79-56
tion consist s, in one form , of a series of rows of vertically Specification of Damping Material Performance
oriented platelets with damping material sandwich ed between D I G . Jones and J.P, Henderson
th em. Adjacent rows of platelets may overlap each other tO 

Air Force Materials Lab., Wright Patterso n AFB ,enhance the deformation of the damping material . A theore-
OH 45433, Shock Vib. Bull ., U.S. Nava l Res. Lab.,tical analysis of the config u ration is summarized . The new

st ructura l damping con fig uration is shown to apply to very Proc., Vol . 48, Pt. 2 , pp 1-1 1 (Sept 1978) 8 figs ,
rigid structures w here it can control f lexura l vibrations and 2 tables , 1 ref
sound radiation with low added weight . The new structural
damping design opt imization study is made and a numerical

Key Wo rds: Material damping, Nomographs, Resonan ceexample is included , 
bar t echnique , Dynamic modulus of elasticity

In this paper a simple reduced-temperature nom ogram is

79 54 applied to developing a specificatio n for controlling damping- 
material performance, and the resonant beam test techniqueComputerized Processing and Empirical Representa. is discussed as a possible standard method for measuring

tion of Viscoelastic Material Property Data and complex dynam ic modu li of damping materials.
Preliminary Constrained Layer Damping Treat-
ment Design
L.C. Rogers and AD.  Nashif
Air Force Flight Dynamics Lab., Wright Patterson 79-57
AFB , OH , Shock Vib. Bull ., U.S . Naval Res . Lab., The Influence of Geometr y on Linear Dansping
Proc . Vol. 48, Pt. 2, pp 23-37 (Sept 1978) 15 figs , ME . McIntyre and J. Woodhouse
4 ta bles , 5 refs Dept. of App) , Mathematics and Theoretical Physics ,

Univ . of Cambridge, Acustica, 39 (4) , pp 209-224
Key Words: Material damping, Visco elas t ic damping, Corn- (Mar 1978) 7 fi gs , 17 refs
puter-ai ded techniques

Key Words: Internal damping, Geometric effects , Plat es ,Technology advancements in the state .of-the -art of process- Stells, Music al instruments
ing and representing modulus and loss factor data as a func-
tion of temperatu re and frequency are presented; further , Intern al damping of vibration modes of bodies such as platesa new method for performing prelimina ry constrained layer and shells generally depends on mode shape, boundarydamping treatment design covering t he complete range of con ditions and geometry. Thi s dependence is ex plor ed
interest of practical engineering parameters is outlined, systematicall y using linear continuum mech anics , exploiting

the differences between different complex modu li which are
frequently gnored , particularly in isotropic materials. De-
tailed results are given for isotropic plates , of constant79.55 and slightly va rying thickness , under various bounda ry

A Reduced-Temperature Nomograna for Charactenz a- conditions. One prediction of the theo ry is tested experi-
tion of Damping Material Behavior mentally.
D I G . Jones
Air Force Materials Lab ., Wrig ht Patterson AFB . OH
45433, Shock V ib. Bull ., U.S. Naval Res. Lab,, Proc .,
Vol . 48. Pt . 2. pp 1 3-22 (Sept 1978) 14 figs , 6 tables ELASTIC
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79-58 V J. Mod i and L. kong
Wave Propagation in Strong ly Aniaotropic Elastic Dept of Mec.’h Engrg., Univ of Britis h Columbia ,
Materials Vancouvei , B C . Canada, J. Much . Des., Ir~ns
W A  Green ASM[ . 100 (2), pp 354 - .~h? (Apr 1978) 12 figs ,
Dept. of Theoret ical Mech , Univ. of Nottiny hairi , 25 ref s
UK , Arch . Mech . Stosowanej, 30 (3), pp 297 307
(1978) 8 rcf s Key Words: Cyl inders , Vortex-induced vibration , Fluid -

induced excitation

Key Words: Wave propagation , Elastic media
The paper presents results of an exten sive test program

In this paper the nature of wave propagat ion in a strong ly aimed at better understanding of unsteady aerodynam ics

transversely isotropic elastic material is examined. For the and vortex induced osc i llations of a family of two dimen-

case considered the extensional modulus in the direction of siona l elliptic cylinders in the Reynolds number range of
3 X 1O~ — lo t . In the beginning, results on Strouhal num-the axis of trans verse isotropy is much greater than that in

any direction at right angles to this axis. The results for ber variation with cy l ’nder eccentricity and angle of attack
both the idealized inextensib le and transversely isotropic are presented which can be used so predict critical resonant

materials are derived. The speeds of prop agation and as- velocity once t he structural properties are identified . This

sociated di sc ontinuity vectors are obtained , Some genera l iza- is followed by the data on the fluctuating pressure at the

tion s to non-linear elastic materials are suggested, surface of the cy linders which suggest their three dimen sional
character and significant dependence on the Reynolds
number.

FLUID
(Also sic ’ Nos 39, 114 , 115 , 1581

79-61
Aerodynamic Force and Moment on Oscillating
Airfoils in Cascade79-59

Fluidelast ie Vibration of Heat Exchanger Tube H. Atassi and T.J . Aka r

A rrays Univ . of Notre Dame , Notre Dame , IN, ASME Paper
No. 78~GT 18 1H.J . Connors , Jr .

Westinghouse Res. Labs., Pittsburgh , PA , J . Mech .
Des.. Trans. ASME . 100 (2), pp 347-353 (Apr 1978) Key Words: Airfoils , Aerodynamic loads

10 fi gs, 12 rets A systematic theory is developed for airfoils in cascade os-
ci ll ating about their mean position with constant interb lade

Key Words: Tubes , Heat exchang ers, Whirling, Fluid-induced phase angle in a uniform incompressible fl ow. The theo ry
excitati on fully accounts for the ef fect of angle of attack of the mean

fl ow , the airfoils ’ thickness and cam ber , and the cascade
A basic fluidetastic excitation mechanism , of a type reported solidity and stagger. The formulation leads to two singular-
in an earlier paper , causes large whirling vibrations of tubes integral equations in the comp lex plane which are solved
in model arrays when the fl ow velocity exceeds a critical numerically by collocation.
value. Threshold instability const ants are given that were
obtained from wind tunnel and water tunnel tests on multi-
row tube arrays in uniform cross fl ow . Test results are
discussed that demonstrate the effects of spanwise variations 79.62

in fl ow veloci ty on flu ide last ic whirling for both straight Acou stic Radiation Due to a Fluid Loading Discon-
tubes and U-tubes. Design method s are provided for pre- tin tl ity on an Infinite Membrane
dicting the onse t of fluidelastic whirling of heat exchang er M Pieruccitubes on multiple supp orts when apanwi se variations in the
cr ost tlo w exi s t. General Dynamics Electt ic Boat L)iv , Grot on , Cl

06340 , J . Acoust Soc . Artier ., 64 (1). pp 223-231
(July 1978) 11 figs , 5 re t s

79-60 Key Words: Membranes . Interaction: structure-fluid , Elastic
On Scene Aspects of Unsteady Aerod ynamics and waves
Vo rtex induced Oscillations, of Elliptic Cy linders at
Subcritical Reynolds Number Eigen-mode radiation is determined for an infinite membrane
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with a discontinuous fluid loading condition. The uppe r random properties with respect to both the stiffness and th e
half of the membran e is exposed to a heavy fluid whic h vi scoelasticity is considered. The vi acoel astic bar is sub-
accounts for a flu id-structure interaction. The lower hal f stituted by an n-degrees-of-freedom linear chain and the
of the membrane is exposed to ve ry lig ht flui d which im. method to obtain the standard deviati ons of displacements
poses no fluid loading on the structure . A very soft com- etc . is given by developing Caravan Ps method. The correla-
pliant layer is attached to half of the membr ane surface , li on of the spring rate and the damp ing coefficient is also
The compliant layer lessens the local coupling between the taken into considerat ion. The standard deviations are cal-
flui d and the structure , thus creating the fluid loading dis . culated to five-degrees-of-freedom in the numerical example.
con t inuity. The effect of this fluid loading discontinuity
upon the radiated farf ield is evaluated.

EXPERIMENTATION
79.63
A Numerical Nonlinear Method of Slodsing in Tanks
wit h Two-Dimensional I”low
o M Falt insi ’rr DIAGNOSTICS
Div of Ship Hydrodynaniii s , Norwegian Inst. of
T i’ Ii . Trondhe,rn , Norway , .1 Ship Ri’s - .2?. 

(s) .
pp 191 202 (Sept 19/8 ) 13 ligs , 8 r i l s  79—65

Design a Mobile Machinery Analysis Laboratory
Key Words: Tanks (containers) , Sloshing, Damping o Sela
A numerical method for the study of slosh ing in tanks Lx x o n  Co. . U.S A., Benicia , CA. , Hydrocarbon
with two -dimensional flow is presented . The soluti on satisfies Processin g , 57 (8), pp 115 118 (Aug 1978) 6 figs .
the exact nonlinear free-surface condition s. To avoid d ii- 2 rets
ficult ies with transients , art ificial damping is introduced .
Comparison with a linear analytical solution , derived in Key Words: Diagnostic techni ques. Test facilitiesthi s publication , shows that the numerical method give s
reasonabl e results. Comparison with an approximate non- A mobile machine ry analysis laboratory has repeatedly)snear analytical method, derived earlier by the authOr , proven its usefulness by helping to avoid unnecessary sh ut-indicates that the artificial dampin g leads to difficulties in downs and by accurately predicting internal equipmentspecial cases, 

damage (thus minimizing repair do wntime). The mobile
laboratory is used for the troublesh ooting of alt typ es and
si ,es of rotating machinery and other miscellaneous equip~

S Oil ment. The laboratory contains vibration sensors , associated
elec t ro nic s, recording, analysis and data display devices(Sr ’c~ Nos. 13, 81) .This inst rument ation pac kage is housed in a step~van type
truck whic h, in effec t , is a mobile measurement laboratory.
The van is also used as a data reduction , analysis and storag e

VISCOELASTIC center.

79-6 1 79-66
%‘ ibrat ion of a %‘ i,sr ’oelast ic liar in ( onsideration of Random Fatigue Daisiage A pproac h to Machiner~
the Correlation Bet s~een Random Parameters Maintenance
N. Nakaqawa , 0 Kawai , F Iwats ij kro , and K . FIIna - IS. Sankar , ( .1) . Xi s t r is , and C I O’.tiquy
hashi Concordia Univ ., Montre ,iI Uu ’hr’c , (;~iir ,iil,r Shot k
Facu lty ol nqrq.. Kohi Univ ., Rok Cu , Naiti , Kobe Vib Bufl - Li S. Naval Bus, I ib , Proc . Vol 43 .
667 , Japan , Bij Il .JSMI . :~i 1157 ) , pp 1089 1094 Pt.  3, pp 103 114 (Sept 1978) 7 f i 1s , 2 t,tbli’s . 11~ ru ’f ’~
(.Jiily 1978) 5 lies , 2 tahI ’s . 7

Key Words: Diagnostic techniques , Mach inery, Mechanical
Key Words: Bats , V it c oeta s tic properties , Random parame- elements . Random excitation
ters , Spring constants , Damping coefficients

Mach inery vibrat ion are emp loyed to obtain an estim at e
The longitudinal vibration of a viscoel astic bar which ha; of the stre sses in critical mechanical elements under opera- 

- . ~~~~~~~~ ~~~~~~~~~~~~~~~~~~~ -~~~- . .
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tiny conditions. Th. amount of fatigu e damage incurred as 79-69
a result of these stresses is computed using a linea r damage SPADE Sensor Location and Attachment
accumulation law end expressions are develo ped for the IC, Mayer , H.W . Sutphin. and J.T. Harrinij ion
ex pected value of the damage sustained over a s pecific time

Parks College of Saint Louis Univ . , Cahokia , I L ,period. The beh avior of these st atistical parameters with
operating time and with var ious system fatigu e properties Rept. No. USAAVRADCOM - T R-78 - 7 , 21 PP (Jan
is discussed. The calculated damage provides a reliable in- 27 , 1978)
dication of the remaining trouble -free life and can be em- AD-A054 907/1GA
ployed in the maintenance field to monitor the performance
of industrial machinery.

Key Words: Shoc k pulse method , Diagnostic instrumenta-
tion . Helicopters

This report opti mizes sensor locations for the shock pulse

79-67 vibration t echnique , investigate s the shock emi ssion profile
difference bet ween using an IFO multi-model tran sducer

Can Acoust ic Emission Detect the Init iat io n of using an epoxy mounting technique vs a B and K accelero-
Fat igue Cracks: Applicaf ion to High-Stieisgth Light meter using a collar and damp technique and finally the
A lloys U sed in Aeronautic s recommendation of candidate bearings for shock pulse

C Bathias , B Brinet , and G . Sertour monitoring on the UH-1H, AH.1G, OH-58C, and the CH-47.

NASA . Washington , D.C., Rept. No. NASA - TM-
75306, 10 pp (June 1978)
N78-26493 EQUIPMENT

Key Words: Nondest ructive tests . Acoustic techniques ,
Fati gue (materials) 79-70

MJ L-STD-781 C Random Reliability Test ing Per-Acoustic emission was used for the detection of fatig ue
cracking in a number of high- strength light alloys used in fo rmed by Using Acoustic Coup ling
aeronautical structures. Among the f eatures studied were: S.M Landre
the influence of emissi on frequency, the effect of surface Electronic Syster’n Div., Harris Corp., Melbourne ,
ox idation , and the influence of grains , It was concluded FL , Shock Vib. Bull ., U.S. Naval Res. Lab., Proc .
that acoustic emission is an effective nondestructive tech-

Vol . 48 , Pt. 4 , pp 49-56 (Sept 1978) 17 figs , 3 refsniqu e for evaluating the initiation of fatigu e cracking in
such materials.

Key Words: Random vibr ation . Shakers

This paper describes an approach for perf orming random
vi bration during reliability testing by using an acoustic

79.68 coupled shaker system. The new Revision Ct o MIL-STD-781
AIDAPS Prograns is requiring either rand om or sine vibration during tempera-

K H Bartholi , J D Chang, F C. Elder , W. J . Harris , sure cycling, depending on the equipment specification. The

and .) L Lau requirement so sub)ect some tess items to random vibration
instead of sine vibration creates demands for inexpensive

Atresearch Mf g. Co. of Californ ia, Torrance, CA , replacemen t equipment capable of performing the new tests.
Rept . No. USAAVRADCOM-TR -78- 5, 144 pp (Oct
24 , 1977)
AD A054 972/SGA

79-71

Stability and Frequency Response of Hydro-Mechani-Key Words: Diagnostic instrumentation , Computer-aided
cat Shakers in Vibra t ion Rigstechniques, Aircraft

1973 to 30 N~v 1976. AIDAPS was intended for use in

S. Sankar
This report summarizes the technical accomplishments Dept . of Mech. Engrg., Concordia Univ., Montreal ,
on the Automatic Ins pection , Diagnost ic and Prognostic Canada . Shock Vib. Bull . U.S. Naval Res. Lab.,
System (A IDAPS) Program during the period of 27 June Proc., Vol . 48, Pt. 4 , pp 33-4 7 (Sept 1~)78) 12 figs ,

2 tablesArmy Aircraft end was intended to be used to reduce main-

fli ght monitoring of aircraft subsystems , Key Words: Shakers
tenance cost and improve flig ht safety by continuous in-

72
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A hydro -mechan ical shaker is an effective alternate to an 79-74
electro-hydrau lic shaker for providing low frequency, large Effects ous Prec ia*on of a Reverberan t Absorption
displacement and force, This paper presents an analytical Coeffic ient of a Plane Absor ber due to Aniaotropy
study on the stability and frequency res ponse of hydro- of Sound Energy I’low in a Reverberat ion Roommechanical shakers used for generati ng vibr ational si gnals
to drive a vibration rig. The analytical expression for stability Y Makita and K . Fu(iwara
are derived based on linearized flow char acteristic equations Kyoshu Inst . of Design , Fukuoka , Japan , Acust ica ,
and taking into account the effect of fluid inertance and 39 (5), pp 331 346 (Apr 1978) 6 fi gs . 1 table , 7 refs
resistance in the connecting pipes,

Key Words: Reverberation chambers , Acoustic absorption ,
Test facilities

79-72
Effects of anis otropic sound energy flow in a reverberationBroad-Band Mechanical Vibration Amp lifie r room on the precision of a measurement in the room of a

R T . Fandrich reverbera nt absorption coefficient of e plane absorber are
Electronic Systems Div., Harnls Corp., Melbourne, studied theoretically. The upper and the lower limits of a
FL , Shock V ib. Bull ., U.S. Naval Rcs. Lab , Proc ., region are gi ven wherein the random incident absorption
Vol 48, Pt 4 , pp 25-31 ( Sept 1978) 9 figs , 3 rat s coefficient of the plane absorber is estimated from two

f actors: the measured reverberant absorption coefficient
and she normalized ang ular distribution of sound energy

Key Words: Test equipment and instrum entation , Am- flow in the sound field near the absorber.
plifier s , Shakers , Vibration testing

A test requirem ent to expose miniature electro nic compon-
ents to high vi bration levels encour aged this investig ation of INSTRUMENTATION
a mechanical vi bration amplifier, Various testing require- (Al so se+’ No. 681
ments are imposed on components and many of these re-
quirements are too high to be met using standard laboratory
vibration shakers. The soluti on described in this paper
utiliz es a mechanical vibration amplifier which increases 79 75
the available sha ker output st all frequencies , simultaneously. The Reciprocity Calibration of Vibration Standard s

Over an Extended Frequency Range
H R .  Bouche

FACILIT IES Bouche Laborator ies . Sun Valley , CA .. Shock V ib.

(Also v’i’ No 651 Bul l  , U.S. Naval Res. Lab ., Proc., Vo l 43 . Pt. 4 ,
pp 105-1 11 (Sep t 1978) 5 figs , 1 tabk’ . 10 its

79 73 Key Words: Accelerom eters , Calibrating

A Method of Assessing the Precision of Reverbera-
Reciprocity calibrations are performed as various frequenciestio n-Room Sound-Ab sorption Measurements up to 1 0,000 Hz using an air-bearing shaker with a built-in

S,M Brown and K .D Stecklt’ r primary standard accelerometer . Thi. shaker is used for
Res . and Dev . Center , Armstrong Cork Co.. Lan sensitivity and frequency response calibrations on other
i-aster , PA 17604 , A riiste’a , 40 ( 1) . pp 1 14 (May accelerometers and veloc ity pickups irs the range of 10 Hz
1978) 4 tables , 9 ref s to 10,000 Hz and up to 50,000 Hz for resonance frequency

calibrations.

Key Words: Rever beration chambers , Acoustic absorption

An efficient and economical method of assessing the full
pr ecision of sound-absorption coefficients derived from a 79 76
minimal number of reverberation-room decay repetitions
is described. Expressi ons are derived for the relevant stasis- A ngular Vibration Measun-nsi- nl Teirhniquea
fica l parameters , and a scheme is presented for checking P.W Wha ley and M.W. Ohal
the stati stical assumptions employed. An examination of Air F orce F light Dynaisrics L,ib . Wriqht Patterso n
measur ements performed in our laboratory shows that these AF B , OH 45433 , Shoi k V ib. Bul l ., U.S. Naval Res
assumptions usually hold quite welt. These methods employ Lab., Proi - ,, Vol . 48. Pt 4, pp 83-93 (Sept 1978)
the “theory o f error propagation ” and are applicable to a
wide variety of situation s, bosh in and beyond acoustics. 12 figs , 11 refs

• 73 
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Key Word s: Accelerom eters , Vi b ration meters , Air c raft , that exists betwee n the modal deflecti on as a cir i-ta it i Station
Airborne equipment response, Ang ular vibrat io n and the modal deflection at the same station d,ilayed in time.

The theory and application of the MCF is i l lustrated by two
The angular and linear vibratory res ponse of aircraft Struc- experimen ts. The first ex periment deal s with simulated re-
tures affects airborne electro-op tic al packages. In order to sponses from a two degree of freedom system with 20%.
design these syste ms with acceptable pointing accuracies 40%, and 100% noise added . The second experiment was
and suff ic ie-i t subsystem mirr or ali gnments , knowledge of run on a generalized payload model.
the angular res ponses of aircraft structures is important.
Thus , it is necessary to be able to measure angular v ib ,ations
of aircraft structures in order to desc ribe optical pac ..age

disturbances. Si* angular vibration sensors were encountered 79-79

in a l iterature survey and are evaluated in light of th e above On the Distribution of Shaker Forces in Multi ple-
requirements. In addition, experience with differential Shaker Modal Testing
angular vibration measurement using conventional accelero-

W L Hallauer , Jr. and J.F Staffordmeters is presented and evaluated.
Virginia Polytechnic Inst . and Stute Univ.. Blacks-
burg, VA 24061 , ShocL Vib. Bull., U.S. Naval Res.
Lab ., Proc ., Vol. 48, Pt. I, pp 49-63 (Sept 1978)

79.77 14 tifls , 2 tab les , 20 ii’fs
Frequency Respoisse *nd Directional Charaeteri sti cs
of Sound Level Mete rs in the Presence of ati Operator Key Words: Modal tests . Modal analysis , Vibration test s .K . Brinkrtiaiin ,snd K . C)hetnrayr Testing techniques
Physikalisch Ti ‘i.hriis he Biandesanstalt , Br~iurtschweig.
Federal Republic of Gentni~ rt y, Noise Control F ngr ., The method proposed by Asher for structural dynamic modal

11 (1) ,  P1) 32 39 (July/Auq 1978) 11 fi gs , 6 nets testing by multiple-shaker sinusoidal excitatio n is reviewed .
— and its theo ry and application are discutsed in detail. Numer-

ical results fr om simulated modal testing on mathematical
Key Words: Sou nd level meters , Erro r analysis structural models are presented to illustrate the strengths

and weaknesses of she method. The characterist ics of these
Frequency response and directional characteristics of sound models include dampi ng which couples the normal modes
level meters can be considera bly distort ed by the presence and closely spaced modes. Numerical t echniques required for
of on operator in the sound field , es pecially when ton af implementation ot the method are described. A procedure
noise is being measu r ed . The magn itude of the erroi t depends is suggested for replacing actual mechanical tuning with
on f eatures of the device itself and on she exact location of calculations employing transfer function data .
the operator and his build. Detailed experimental data on
these effects are presented , including various sound level
meter and measuring conditions.

79-80
Force A pportioning for Modal Vibration Testin g

TECHNIQUES U sing lnconip kte Excitation
lAlso s&s’ Nos. 32 . 41 ,50, 113) 0. Morosow and R.S. Ayre

Martin Mar ietta Corp., Denver , CU , She k Vib ,
Boll ., U.S. Nava l Ros . Lab . l’iuc - Vol . 48, Pt. 1 ,

79-78 Pt) 39 48 (Sept 1918) 6 f i gs , 2 tables , (J re ts
Modal Confidence Factor in Vibration Testing
S R . lbrahirr Key Wo rds: Modal tests , Modal analysis . Vibration tests .
Dept . of Mt’ch . Engrg. and Mechanics , Old Dominion Testing techniques

Univ , Nor fo lk , VA . Shoi k Vib Bull ., U.S. Naval A techn ique is presented for determining the shaker forces
Bus . Lab., Proc . , Vol . 48 , Pt 1 , PP 65 75 (Sept necessary to isolate a mode during a modal vibration test ,
1978) 3 fiqs , 4 t ,ihkts The approach requires no prior knowledg e of the model

and is particularly usable for stru ctur es w ith hig h modal
densityKey Words: Modal tests , Modal analysis , Vibration tests .

Testing techniques

The “ Modal Confidence Factor ” , “M CF” , is a number
79-a lcalcu lated fo r every identified mode for a structure under

test . The theory of th e MCF is based on the correlation High Frequency (;
~ )siisd Vi bration Measurensent
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I-f Nolle The decision on which technique, or combination , to use
Monash Univ , Clayton , Victoria , Australia , Shod~ depends on part geometry, available time , required accuracy,
Vib Bull ., U S Naval Res Lab , Proc , Vol 48 and required information - natu ral frequencies , damping

Pt. 4 , Pp 95-103 (Sept 1978) 6 figs , 1 table , 8 ref s tectors , phase shift , stiffness , mode shape, etc. A table is
provided for a quick reference for the best method to use
based on these variables.

Key Words: Measurement techniques , Ground vibration

Recently interest has focused on ground tran sm itted vibra-
tion and noise from sources related to human activity such
as mining and tunneling work , as welt as traffic and indu s- COMPONENTS
trial plant operatio ns. The disturbance thus generated con-
tains low and high fr equency Fourier components , and ac-
curate measurement of the vibration requires recording of
th e signal free from harmonic distortion in the frequency
range of interest . This paper reviews the basic requirements
for vi bration transducer-to-g round Coupling to ensure linear BEAMS , STRINGS , RODS , BARS
measuring system response . Results are presented of fiel d (Also see Not. 114 , 138, 1971
tests of a range of different designs for ground attachments ,
and recommendations are made f or procedures of groun d
attachment installati on in different type soil s and roc k
formations.

79.84
Shock Aisalysis of Tubular Viseop laat ic Reams

79-82 
(Final Report , 1 Jan . 31 Dec 1976)
S.G. Gatchel and V H. Neubert

Conaervatiam in Random Vibration Anal ys is and Dept. of Enqrg - Science and Mech ., Pennsylvania
Testing State Univ., University Park , PA , Rept . No ADT L Paei A053185, FR-2 , 114 PP (July 1977)
Appi. Mech . Div., Sandia Laborato r it ’s , A lbuquerque , N78 26495
NM 87115 , Shock Vib Bull ., U.S. Naval Res Lab . ,
Proc ., Vnl . 48 , Pt. 4 , pp 57 70 (Sept 1978) 5 fi gs . -Key Words: Beams, Cantilever beams, Viscoplastic proper-
3 tables . 2 ref s ties. Computer programs

Key Words: Vibration tests . Random vibration . Testing An analytical method is outlined , and a related computer
techniques program Viscoplast ic Beam Analysis (VP BAI is discuss ed,

for p rediction of res ponse of a visc op lastic cantilever beam
This paper reports Conse rvat ism in random vibration resting, to ground shock. Some beams, which could be built using
It shows that some common s pectral density estimators have standard pip ing, are designed and anal yzed using inputs
an app roximately normal sampling probability distributio n, typical of those on the floating sh oc k barge.
Based on this fact , the Study proposes some measures of
confidence in specified tes t levels. The stu dy desc ribes a
technique for finding the probab ility that a test is mor e
severe than the field environment from which it was derived, 79.85

A mean square struc tural response criterion is used. Dynamic s of Neutrall y Buoy ant Inflated % iacoelaslic
Tapered Cantilever s Used in Underwater A pplications
V. 1 Moth and D. t Poon

79-83 Dept of Met -h Enqtq ., Univ. of British Columbia ,
Which Vibration Test V ,tro or ivet , Bri t is h Columbia , Canad,i , J Mech . Des -

R M Kolod~ i ej  Trans ASME . !~ 2 (2) , P1) 337 346 (At ir 1978 1
Air Power Div , Joy Mfq Co , Biiffa ks . NY . Mach 10 fr ~js , I table , 23 ri f t

Di’s , 50(18) ,p 113 (Aug 10. 1978)
Key Words: Cantilev er beams, Underwater struc t ures , In-
flatab le s lruc suras , Dynamic res ponseKey Words: Tasting techniques , Vibration tests

Three techniques Commonly used in vibration testing: The paper investigates statics and dynamics of neut rally
impact, swept sine, and random (white noise) are described, buoyant inflated viscoalasric tapered cantilevers used as
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structura l members in under water platforms. Resu lts of a 79-88
detailed experimental program are also presented to sub- Instabilities of Tubular Beams Siniultaneously Sub-
stantiate validi ty of the analyt ical model. j eeted to Internal and External Axial Flows

Mi. Hannoyer and M.P Paidoussis
Dept . of Mech . Engry., McGill Univ., Montreal ,

79-86 Quebec , Canada , J Mech . Des.. Trans. ASME . 100
The Large Amp litude Vibration of Hinged Beams (2) . pp 328-336 (Apr 1978) 7 f i gs , 18 ref s
G. Prathap and 1K . Varada n
Indian Inst . of Tech ,, Madras-600036 , India , Corn- Key Words: Beams , Tubes. Fluid-filled containers , Fluid-
puters Struc. . 9 (2). Pp 219-222 (Aug 1978) 3 fi gs , induced excitation

2 tables . 12 refs
This paper examines the dynamics and stability of cylindrical
tubu lar beams conveying fluid and simultaneously subjected

Key Words: Beams , Free vibration to axial external flo w . In deriving the equation of small
motion s, inviscid hydrodyn amic forces are obtained by

The large amplitude free vibrations of a simply-supported slender-body theory , modified to account for the boundary-
beam with ends kept a constant distance apart is studied layer thickness of she external flow ; internal dissipation and
using the actual nonlinear equilibrium equations (i.e. sp ecif i- gravity effects are also taken into account. Solutions are
cation of loads in terms of the deformed coordinates of the obtained by means of a method similar to Galerkin’s, with
beam) and the exact nonlinear expression fo r cur v ature in the eigenfunc sions approximated by Fourier series. Calcu la-
addition to the nonlinearit y arising from the axial force , A lions are presented for tubular beams either clamped at both
variable separable assumption, together with Certain assump- ends or cantile vered . It is show n that for sufficiently high
ti ons as to the behavior of the time function defines an eigen- flow velocities , either int ernal or external , the system i5
value char acteristic of the vibration . A numerically ex act subject to diverg ence and/or flutter.
successive integration and iterative technique establishes
the dependence o f this quantity on the amplitude of vibra-
ti ons. The harden ing effect of nonlinearity is then interpreted
in terms of the variation o f this quantity with the amplitude 79.89
of vibration . This new criteria to define nonlinearity, is Vibration Damping of Tapered Elnconatraitsed Bt-anss
compared with several existing in the literature. The present

D. K . Raoanalysis allows the separation of the effects of stretching and
large defl ection equations on the nonlinear behavior and the Dept . of Mech . Engrg., Indian Inst. of Tech ,, Kharag-
Conclusion can be made, based on numerical evidence, that pur , Ind ia , Acustica , 39 (4), pp 264-269 (Mar 1978)
the predominant nonlinearity is due to stretching. The axial 8 fi gs , 2 tables , 4 ref s
force at any st ation in she beam and the bending stress can
also be computed in a numerically exact sense , at the point

Key Words: Beam s, Variable cross section , Cantilever beam t,of maximum amplitude.
Material damping

The effects of boundary conditions and non-uniform distri-
bution of th e damping material over a beam on its compo s ite79-87
loss factor are investig ated in the present paper . This studyTransver se Compresaional Damping in the Vib ratory indicates that , for a cantilever beam , she conventional meth-

Response of Elastic -Viscoelastic-E last ic Beams od of uniformly applying the damping material over the
B E . Douglas and J.C.S. Yang entire length of the beam may not be th e best way of attai n-
David W. Taylor Naval Ship Res. and Dev . Center , ing good damping. An alternative tapered distri bution of the

Annapolis, MD, A IAA J . 16 (9), pp 925-930 (Sept same amount of damping material , which is thickest at the
clamped edge and thinnest at the free edge , can be 300 per

1978) 6 ftgs, 9 refs cent more effective in damping the flexural vibration.

Key Words : Beams, Laminates, Viacoelastic propert ies,
Flexura l vi bration , ViscoelastiC damping

79-90
The effects of transverse compressiona l damping in the v i- Use of Dynamic Influence Coeff icie nts in Forced
brasory res ponse of three-layer elastic-viscoe tastic-e lastic Vibration Problems with the Aid of Fast Fourierbeams are considered both analytically and experimentally Trando~~in a mechanical impedance form at , The relative importance
of this type of damping is assess ed through comparison with G. V . Naravanan and D.E. Beskos
the shear damping mechanism inherent in the composite Dept. of Civil and Mineral Engrg., Univ . of Minnesota ,
using th e Mead and Markus model . Minneapolis , MN 55455, Computers Struc,, 9 (2),
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pp 145 150 (Aug 1978) 6 figs , 16 ref s Key Words: Beams , Elastic foundations , Timoshenko theory .
Rotato ry inertia affects , Transverse shear deformation ef-
fects . Periodic excitationKey Words: Beams , Flex ural vibration , Forced vibration ,

Stiffness coefficients , Fist Fourier transform
A finite element model is developed for the stability analysis
of a timoshenko beam resting on an elastic foundation and

The use a~d importance of dynamic stiffness influence co- subjected so periodic axial loads. The effect of an elasticefticients in flexural f orced vibrations of structures composed foundation on the natural frequencies and static buckling
of beams are described. The dynamic forces can be either

loads of hinged-hinged and fixed-free Timo sh enko beamsharmonic or general transient forces. The dynamic influence -is investigated . The regions of dynamic instabili ty are deter-coefficients are defined in the Fourier transform plane, are mined f or different values of the elastic foundation constant.Compu t ed there and are g iven in Table form for a uniform 
As the elastic foundation constant increases the regions offree-free beam. The dynamic problem formulat ed in terms of dynamic instability are shifted away from th e verti cal axisthese coefficients is reduced to a st at ic form. The dynamic
and the width of these regions is decreased , thus making theresponse is obtained , in general , by a matrix inversion in the beam less sensitive to periodic forces.Fourier transform plane and a numerical inversi on , based

on the Cooley-Tukey algorithm, of the transformed solution ,
Structural examples of forced vibrations of a simple beam
and a rigid frame illustrate th e use of dynamic coefficients
and demonstrate their advantages over other known methods
in accuracy, simplicity of formulation and speed of corn-
putation.

Dynam ic Coeff icient of an Elasticall y Suppo rted ,
Pre-Sts-esaed Beans
S. Chonan

79.91 Sendai , Japan, Ing. Arch ., 47 (3), pp 187-196 (1978)
A Finite Element for the Vibration Analysis of
Timoshenko Beams Key Words: Beams , Elastic foundati ons , Axial excitation .
D.J Dawe Transverse shear deformation effects , Rotatory inertia effect s
Dept. of Civil Engrg., The Univ. of Birmingham ,
Birmingham B15 2T1, UK , J Sound Vib , ~~ ( 1), An analysis is made of the problem of vibrations of a beam

w ith an axial force resti ng on elastic foundation , when thepp 11-20 (Sept 8, 1978) 5 figs , 1 table , 25 refs 
beam is uniform and of finite length and is subjected ro an
impulsive load. The solution is presented within the frame .

Key Words: Beams , Finite element techniques , Timoshenko work of a beam theo ry which includes the effects of shear
theo ry, Rotato ry inertia effects , Transverse shear deforms- deformation and rotary inertia. An example is provided
tion effects. Flexural vi bration where the dynamic coefficient for the bending moment is

calculated.
A Timos benko beam finite element is presented which has
three nodes and two degrees of freedom per node , namely
the values of the lateral deflection and the cross-sectional
rotation . The element properties are based on a coupled

~1
displacement fiel d; the lateral deflection it interpolated
as a quintic polynomial function and the cross-sectional 79.94
rotation is linked t o the defl ection by specify ing satisfaction Vibration of the Unifom i Spinning Cable with Tip
of the governing differential equation of moment equilibrium
in the absence of the rota ry inertia term . Numerical results

O.L , Vance and C R . Katholiconfirm that this procedure does not preclude convergence
to true Timoshenko theory solutions since rota ry inertia Univ . of Alabama ri Birmingham , Birming ham , AL
is included in lumped f orm at element ends, 35294 , J. Accost . Soc. A riter., 64 (3), pp 838-844

(Sept 1978) 5 figs , 2 tables , 8 rets

an Elastic Foundation plane free vibrations of a uniform cable with tip mass attach-

79-92 Key Words: Cables , Free vibration

Dynamic Stability of Timoshenko Beams Resting on 
This paper presents analyses of both in-plane and out-of-

B A . H. Abbas and J Thomas ed to a disk turning at constant rate about a fixed axis.
Dept. of Mech . Engrg., Univ. of Surrey , Guildford , Included in the analyses is the devel opment of sma ll-argu-
GU2 SXH , UK , J. Sound Vib . 60 ( 1) . p~ 33.44 ment asymptotic approximations for the Legendre functions

of th e first and second kinds.(Sept 8, 1978) 12 figs , 1 table , 7 refs
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79.95 Th is paper is concerned with she buckling of Euler ’ s rod in
The Effect of kinematical Non-Linearit ies o i the she presence of ergodic random dampin g. For a small mean
Vibration Frequenciea of a Damped String value of viscous damping, superpo sed by on ergodic random

damping fluctuation , it is shown that for a sufficiently smal lJ C. Arya 
expected value of th e t l uctuati o n ’ s magnitude , almost cer-

Dept. of Mech . Engrg., Simon Frase r Univ . Burnaby, ta m asymptotic stability can be guaranteed. Moreover , ii
British Coluistbia V5A 156, Canada , Acta. Mech , the expected value does not exceed a certain fr action of the
29, pp 159-167 r1978) 1 fig . 8 refs  damping’s mean value, the critical value of the load for

deterministic damping remains the stabi lity limit despite of
the randomly superposed damping fluctuation.Key Words: Strings, Flexural vibration, Damped structures

The effect of kinematical non -l inaarit ies on the tran sv erse
vibrati on modes of a damped stretched string is investigated BEARINGSusing the asymptotic method of Kryl ov , Bogotiubov and
Mitr opo lskii . it is shown that for time s which are small
compared with the decay time , the natural fr equencies
are i ncreased by a term which is proportional to the square 79-98
of the amplitude of vibration, The nature of this term is Dynamic Characteristics of Gas-Lubricated Externa llyinvestigated in detail for a partic ular set of bounda ry con- Pressurized Porous Bearings with Journal Rotati ois: 1ditions at the ends of the string.

N.S. Rao and B C. Majumdar
Dept. of Mech . Engry., Indian Inst. of Tech., Kharag-
pur , India , Wear , 50 , pp 59-70 (Sept 1978) 6 fi gs ,

79.96 2 tables , 9 rets
Subharmon ic Vibrations of Order 1/3 in Stretched
Strings Key Words: Gas bearings, Bearings, Damping coefficients,
C. R. Raghunandan and G.V. Anand Stiffness coefficients, Rotor-bearing systems
Acoustics Lab., Dept. of Electrical Comm . Engrg.,
Indian Inst of Science , Bangalore 560 012 , Ind ia , The dynamic stiffness and damping coefficients of an exter-

nally pressuri zed porous bearing w ith journal rotation haveJ. Acoust. Soc. Amer ., 64 (1), pp 232-239 (July— been calculated theoreticall y by assum ing one-dimensional
1978) 8 figs , 15 refs flow through the porous wall. A periodic disturbance (di s-

pl acement ) is imposed on the journal around its concentric
Key W ords: Strings, Subharrnonic oscillations position and the dyn amic pressure distribution is determined

by small perturbations of the modified Reynolds equation.
Subharmonic vibrations of order 1/3 in stretched strings Non-dimensional stiffness and damping coefficients for
driven by a single-mode planar simple harm onic force are various desi gn conditions are calculated numerically using
investig ated , It is shown that both planar and nonpl anar a dig ital computer and presented in the form of design
subhermonic resonances can occur , Subharmonic vibrations charts and tables.
are poss ible onl y if the amplitude of the force exceed s a
certain critical value wh ich depends upon the magnitude of
the damping coeffici ent. The stabili ty of the solution is

BLADESanalyzed, and is is shown that the region of stable nonp ianar
vibrations is wider than that of stable planar vibrations ,

79-99
Vibrations of a Compresso r Blade with Slip at the

Buckli ng of Euler ’s Rod in the Presence of Ergodic D I G .  Jones and A . Musiyrcska
Random Damping Air Force Materials Lab .. Wri ght Patterson AFB , OH .

79-97 Root

H.H.E Leiphol, Shock V ib. Bull., U.S Naval Res. Lab., Proc ., Vol .
Dept. of Civil Engrg., Solid Mech . Div ., Univ. of 48 , Pt, 2 , pp 53-61 (Sept 1978) 15 figs , 1 table
Waterloo, Waterloo. Ontario , Canada, Shock Vib.
Bull ,, U.S. Naval Res. Lab., Proc., Vol 48, Pt. 3, Key Words: Compressor blades , Turbine blades
pp 49-52 (Sept 1978) 1 fig. 4 refs

A simple analytical modal Is developed to represent the v i-
Key Words : Rods, Damping, Buckling br ati onal behavior Of a j et engine compressor blade in Its
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fundamental mode , allowing for slip as the root. The analysis 79-102

is compared with ex persment ~l data and is shown so accurate- Vibrations in Fluid-Saturated Porous Elaatic Cy lin-
ly modelize the important phenomena involved. lmp lmca - des’s
tions for design of compresso r and turbine blades tO opt imize 

M D Thajuddin
slip damping levels are briefl y disc ussed .

Dept. of Mathematics . Regional Engtq College ,
Warangal-506 004 , India , Rev . Roumaine Sci. Tech,
Mecanique , 23 (3) , pp 371 379 (1978) 11 rots

79- 100
An Investi gat ion of the Aerodynamic Noise Genera- 

Key Words: Cyl inders , Flexural vibration
tion Mechanisiss of Circul ar Saw Blades
S. Stewart Takin g general disp laceme nt components of vibratory mo-
Noise Control Services , Inc - P 0. Box 5670 , Greens- non , the problems of f t exura l extensiona l and screw vibra ’

boto , NC 27403, Noise Control Engr , ~ ~~ f)~ ~ 
tm ons in fluid-saturated por oelast ic cylinders are studied.
Phase veloc ity and gr oup velocity are presented in non-

11 (July/Aug 1978) 10 figs , 18 ref s 
dimensional form for small values of d imensionle ss wave-
length.

Key Words: Saws . Blades . Tools . Noise generation

Aerodynamic dis tu rbances , created near the peripher y of
rotating saw blades, are the dominant noise sources for most DUCTS
circular sawing machines while in the idling condition. In
this article, an acoustic mode l based on simple dipole source
theo ry is developed which identifies t he importance of tip 

9 0 3speed and source strength in she noise generation process.
A Method for Calculating I he Sound Attenuation in
a Silencer, Consisting of Finite Sections of Bulk
Reacting Lining in a Cy lindrica l Duct with Mean
FlowCOLUMNS
0. Brander and B Nilsso n
Inst of Theoretical Physics , Chalri iers Univ. of Tech .,

Goteborg, Sweden , Rept . No CTH- ITP-TMF-77- 1 ,
88 pp (Sept 3O , 1977)79.101

Concise Buckling. Vib ratio n and Static Analysis of N78-26882

Structures Which Include Stayed Cohtnins
Key Words: Ducts , Acoustic liningsF.W. Williams and W ,P. Howson

Dept. of Civil Engrg. and Building Tech ., Univ . of A general method is presen ted for taking into account the
Wales Inst. of Science and Tech ., King Edward V I I  reflection , transmission , and propagation of all relevant
Ave , Cardiff CF1 3NU, Wales , Int l . .1 . Mech . Sci ., modes in a silencer , consisting of finite sections of bulk-

20 (8) , pp 513-520 (1978) 3 figs , 10 rots reacting lining in a cy lindr ical duc t with gas flow. The general
problem is thu s reduced to she study of two standard prob-
lems. The first is the well known , but not yet compl etely

Key Words : Co4umns , Buck ling, Vibration response w orked , throw problem of an infinite duct with bulk-reacting
lining and flow, Some numerical results are presented which

The substitute columns previousl y used to g ive exact elastic stress th e importance of an often overlooked phenomenon[I critical loads of individual stayed columns also give their 
~~ this connection - the so called amplifying modes. The

exact member equations , whi ch represent them in stiffness 
~~ ond problem concerns the reflection and transmission

matrix analyses , ve ry economicall y. A typical example in- properties of a iuncti on between two different sec t ions of
di cates that the substitute columns give the member equa- the duct. This prob lem is solved with integral equat ion
ti ons with 6% of the effort involved in a standard sub-struc- methods from the theory of electromagnetic wave guides.
ture analysis of the original column , or 2% if the column is

I

symmetric about its center.

79- 104
Boundary Conditions for Mode-Matching A.sa lys es
of Coup led Acous t ic Ficids in Ducts

CYLINDERS R.. l Bi’i k mmyer and I) I Sawdy
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L ; ’ ~~~j Wgchit,i Co W ichit,i . KS , A IAA J., 16 (9) , Key Words: Ducts . Ground effect machines , Stability

912918 (~~‘pt 1978) 9 f i s , 25 refs
Linear heave stability boundaries for a fan-duct-plenum air
cushion suspension system are presented , These were ob-

Key Words : Ducts . Sou nd propagation . Modal superposition ta m ed by using a quasi-static pressure-flow relationship for
method the fan , a finite element discretization for one dimens ional

unsteady duct flow . and a lumped capacitance model for the
The mode-matchin g method is used to ana lyze sou nd prop a- plenum, Some results obtained from a non-linear analysis .
gation in ducts modeled by a series of segments. Success- in which the method of chara cterist ic s was used for the duct
lul appii cation of she method depends on adequately specif y- fl ow , su ggest that the linear approach should be adequat e
ing and imposing the boundary conditions used to match for practical stabil ity calculations , Comparisons with lumped
she acoustic fields on the lunct ioOs betwee n segments. Al- parameter models indicate that here the duct effect is as-

soc iated primarily with th e inertance of the air in the duct.though the boundary conditions may be derived by straig ht-
fo rward phys ical or mathematical arguments , the method It ~ also shown that for some operating conditions the
by which they must be imposed in order to produce a well- duct -plenum system behaves as an Helmho ltz resonator.
po sed numerical problem is not always clear. To illustrate Good agreement is obtained with an earlier transm ission
this poin t , difficulties encountered when att empting to rn- line analysis based on the wave equation.
pose the matching conditions for a duct with a partial trans-
verse baIt le at e disc ussed : seve ral methods of approach are
considered . Two of them were used to ana lyze a comp licated
duct-cavity system. Samples of the numerical results obtained GEARS
are given.

79-107
‘79.105 Rotational Vibr ation with Backlash : Part I
Multimodal Far.Field Acous t ic Radiat ion Pattern c.c Wanp
Using Mode Cutoff Rat io FMC Corp., Santa Clara , CA , J. Mech. Des.. Trans.
E J  Ri ‘ ASME , IOU (2). pp 363-373 (Apr 1978) 18 figs .
Lewis Bus Ct ’r te ; , NASA , CIi~vuland, OH, A IAA 5 refs

I

- lb (9) . pp 906-911 (Sept 1978 ) 9 figs , 15 ‘Is
Key Words: Gears . Torsional vibration, Mathematical mod-

Key Words: Ducts . Sound waves , Modal analysis elt , Experimental data

II The far-field sound radiation theory for a c ircular duct was This paper considers the problem of dynamic tooth loads
studied f or both single-mode and multimodal inputs. The on li ghtly loaded precision class gears running at high speed.

- ~ investigation was intended to develo p a method to determine It provides theoretical and experimental explanations of the
the acoustic power produced by turbofans as a function of surprising tact that lightl y loaded gears may suffer from both
mode cutoff rati o. This infor mation is essential for the pitting and tooth breakage , while the same gear , heavily
design of acoust ic suppressors in engine ducts, With reason- load ed , is immune fro m such damage . In the theoretic al
able simplifying assumptions , the single-mode radiation part , two idealized mathematical models — a two-mass
pattern was shown to be reducible to a function of mode system and a three-mass system — are analyzed. Both mode ls
cutoff ratio only (modal indices removed). With modal provide f or consideration of time -varying backlash (back-
cutoff ratio as the dominant va riable , mu ltimodal radiation lash is a function of gear angular position ) as well as impact
patterns can be reduced to a simple explicit expression , and displacement excitations ,
Radiation patterns for cases other than equal modal power
are pre sented using the approximate radiation equation. An
approximate expression for the duct termination losses as
a function of cutoff ratio also it included. LINKAGES

79-106 79-108
Duet Effects on lhe h eave Stabili ty of Plenisni Air Perfom iassee Classifica t ions Help You Zero in on the

Cushions Right Flexible Coup ling
M J Hinchey and PA.  Sullivan R .C. Beercheck

Inst for Aerospace Studies , Univ. of Toronto , Toron- Mach . Des., 50 (19) . pp 100-105 (Aug 24 . 1978)

to , Canada , J. Sound Vib . 60 ( 1 ) ,  pp 87 99 (Sept 8 , 4 figs

1978) 8 figs , 19 rots Key Words: Flexible couplings

80

---.

~ 

_ _ _ _ _ _ _ _  



.._, - ~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~ 
.,. .... .. - - .... . .—.—.--~~~-—— -—-

~
..

Flexible coupli ngs are grouped into f our basic performance Tech , Atlanta , GA 30332 , Intl .3 Solids Str ie. -
categories: heavy du ty, high speed, ligh t duty, and specialty. 14 (7 ) .  t i p b71 -578 (19781 6 Iigs , 4 t ables , i rels
In each category applications of representative couplings —

are ind icated. These classifications , based on load , speed,
and damping characteristics , help narrow the search quickly Key Wo rds: Rectang ular panels , Panels , Box type struc-
to the most likely cand idates. tures , Bol otin method , A symptotic approximation

Bolo tin ’ s as ymptotic method is adopted for the investi ga-
tion of dynamic res ponse of a rectang ular structural panel

MECHANICAL with elastic edge constraints resembling a box structure,
Experimental determination on the frequ ency response is
also included f or comparison purpose. The method is proven
to be extremely versatile in solving a broad class of the atore-

79- 109 mentioned problems.
Torque-Limiting Dev ices
B A Dvorak
Helland F-Ic’ - , . I’ & I n I r t ~’ur ing, Inc , M- n r 1 e t u n r ~d , PIPES AND TUBESMN, Power i r d O s r i  Des., 20 19), pp 4 1-43 (Sept
1978(8 figs

79-112
Key Words: Torque im iting devices Stab il ity and Vib rations of Th’ick.WalIed Tubes
A general design criteria of mechanic ally actuated torque Subjected to Finite Twist and External PresMtrt’
limiters for efficient means of equipment protection is A Ft  l, ’ l ’ , i ~dr
described . [1’ t ~ t I ~ ~t i  S “n es , Middle last Te~ h . Univ

An kara , T k , ,
~ . Intl J Solids St ruc , 14 , pp 71

722 ( 19781 .2 t i i i~~ , 17 1~
MEMBRANES, FILMS , AND WEBS

Key Words Tubes . Dynamic stabil ity

— Stability and small vibration s of long, th ic k-walled , circula r
i94 10 

, cylindrical t ub~s sublected to f ini te twi st and external
Acceleration Vs ayes j~ I~last ic Messsbra nes pressure are investigated using th e theory of finite elastic

. 1 Pop deformations in con lunction with the theo ry of small defor-
Ph D Thesis, Rice lJniv , 191 F) F~ 1978 ) maiions superposed on larg e elastic deforma t ions. The

UM 7814794 material of the tube is assumed to be isotropic , elastic , homo~
geneous and incompressible. A numerical scheme is adopted
to solve the system of partial differential equations and the

Key Words: Membranes . Wave propagation associated boundary conditions governing the problem. The
effect  of finite twist on the f rj quenci es and the loss of

This work is devoted to a study of acceler ation waves in stabil ity due to uniform external pre ssu re is di s played by
isotrop ic , inhomogeneo us , smooth , non-linear , elastic mem- various curves relating the f requ encies to initial radial de-
branes. The wave is modeled as a cur v e , moving on a f ixed formation parameter .
surface in space, carr y ing with it a f inite d is c nnt i nu ity in
the acceleration field. The method employed in the anal ysis
is the analogu e of the sin g ular surface theo ry used in con-
t inuum mechanics. 79-I 13

Time Doistaut lden(i(icaiion of’ Sla,idin~ Wa%e Pa-
rass iete rs in t;~~ Piping S~ st ein..

PANELS S H Ibrahin ,iii I F C Mi. ii
[)i’p i f  M’s Ii I n i l  . ,in f M h iii, ‘ , ( )ki I i t , ? :, in

1Ini~ N o t i k . VA .) ~i I .)8 I S i l l \ it ~1 I l l

79—I l l  PP .1 ,-i1 (Sept ft l i / S I  2 its , 2 i d ’ ’. 10 ii ’ ! ,

Dynamic Rerponse of a Structural Panel by Bolot in ’s
Method Key Words: Piping systems , Naiiii. it fi eq uen ci es , Meass,ie.

C E S th’,i.1 ~in, I H C Nickels , .6 ment techniques , Time’dependr’ni parameters

Si”hool of I nqrq. S ‘n and Mo h  - ( , i ’ er i i i ,i Inst of A method for experim entally determining the natural fre-

81 

.‘—.-. ~~~~~~~~~~~~~~~~ -



- -.“‘ , _‘ —_._ .,‘_——_‘-—-—-, 

quenci es arid i-nodal pressures of an air or gas piping system Carbosi -6rap li itt ’ Cossi potu le Sh ells
is presented . Such informal ion is of int e rest in irisimi l lat ions 

~\ I l.ii ~ , i rid 13 I Sand Ii i,i I
where pressure puls ations caused by PUfliPS or co inp ressois N.iv,il llndi ‘r w,iti’i Syst i  i r is  Ci’rit i ’i - Newport , H I
are of importance. In the ni i’thod ~i time domain based tech- 0:’p - 2 3  Sfiiii k Vi b IIiill , U S N,iv ,il Hr ’s Labnique is used which was originally dev.’ioiw.l is an alter na

lt i~~i , ,  Vol -18 , P1 ~I, pp 4:4 ~4 i (Sept 1978) 1 fig,tivi’ to fr equency res ponse methods for dete rm ining the v i
bration parameters (natural fr equ enc ies , modes , damping .4 t,it t Ies , ,3 ii -
factor s) of structures , to avoid diff icult ies often en countered
in interpreting complex and non-conclusive f requency Key Word s - Shells . Composite structures , Honeycomb
response data such as arises from systems having numerous st r u c tunes Submerg ed structur es , Underwater st r uctures ,
modes , some of which may be highly damped or closely Natur .ni f rr ’ qtne i t cies , Mode shapes , Fluid ’ in duced excitation
spaced in frequency, In thi ; application , a straight steel pipe
w ith a sound source at one end and closed at th e other A comparison I,erw ee n experi m ental and theoretical models
end was used . The free pressu re response following a rapidly of a carbon ’g raph it e/hon eyco mb composite shell vibrating inswept sinewave input was recorded , diqitiaed and th~ri used 

air and submerged in water is presented. Mode shapes and
in a computational procedure based on a lumped par.rmet~’l resonani frt iquencie~ are identified accordin g to theory andrepresentation of the syst em. The natural frequencies .ind exp ir ri me rr t both for in’air and in-water vibration. Excellent
the corre sponding modal pressure ratios at the two statio n s . agreement is ‘s enl l i i if red
thus obtained , are compared with the t heo retic a l va l ues antI
values obtained from a simple fr eq uency sweep. It is rn

port ent to mention here that although in th e exprlrirnent
reported here an external frequency swee p excitat ion was 79-I l(~used , the techniqu e w orks as well w ith free decay response 

F ~ i b t i 
t i f  Cire si lar (

~~Ii.iders with Lo.sgi-after a system shut-off , impulse response or random ri ’~ Iudj nal , Int e r ior (‘art ii iots ssponses from normal system operation.
M H I”’ lt ’ istir i  m d  1) 3  I3nyd

( a r r ( ’ t l  Air H’’ .i’drell F’~lfii C i t  - PIrit i’ r i ix , A/ , J~ Sounc.)

“ho - (40 (11 , PI~ lIt P.’ ( S t I l t  33 , 19/8 ) 10 fi t 1 s , 579-114 -
~~t,ilili’s , 25 I t ’  I:The Effect of Fluid Viscosity oss Coupled l’isbe/

Fluid Vih rat io~~
~~~ Wprd s Cytmth ical shells, F,oe v ibrationr T Yr’f i ,urrd S S Chr’n

Coriipoiir’rits Technology Div ., Ap~uriiit N,it iori,iI A mtj th ot i for the analysis of the free vibrations of a cir cular
Lab ., Aigonrit ’ , IL 60-239 . .1 Sound Vib . 59 .9 , cylindrical shell with a longitudinal , interior plate is develop-
Pp 453-46/ (Aug 8, 19/8) ¶2 f i g s , 1 t. it i l r ’ , (4 ruts rid . This method is based on the extended Rayleigh ’Ritz

technique . Separate dis placemen t functions are assumed for
th ri shell and plate . Constraint equal rons are used to enforce

Key Words: Beams , Tubes , Fluid-induced excitation di s placement co m patibilit y between the plate and shell .
Thri impor tance ot includin g the in-plane degrees of free-

This pape r presents an analytical study of coup led vibr at on dom of th e plate in the analysis is investigat ed . Studies are
of two coaxial tubes separated by an incompressible viscous m ade to determine s he effects on the syste m fr equencies
fluid. Tube vibrations are in beam mod es and flu ’sI motion arid modes of rigid and hinged Iornts between the plate and
is assu med to take p lac e ri a plSne perpendicular to the s hel l and the location of th e plate
axis of the tubes , First , the t luid forces actin g on the tubes
associated with small tube displacr’rnrrnts arm’ obtained in
closed form based on the linearized two-dimensional Nav e-u
Stokes equation . Then fr ee and forced vi b rati ons of i-hr~ 79117
coupled tube /fluid system are analy zed. Finally, numerical I)~,iansi~ I)efo rsssation s and Stre sses in a Cantileverresults for fr ee vibrations of simply suppnrted r iffle s are

Cylindrical Shell Under lisspst ls ive Loadspresen,.d for several cases to illustrate th e r ’ff ec f of var ious
S ll1ifi,ish i , H W~iL.ii , H M,itsurrlti (ti , t r i O I N,ik.iliaiasys t effi parameters .

I ;iiiilty if I riqlg - 1 nkyt ) I n st of 1 ccli , OiiL.i\ dnn i ,i,
Mi ’qiiru k i t . Ti kyrt , .i.ii’ ,ini , Hull .lSP~1F , ~~ 

(~ b~j )
I’I~ 321) 33 1215 (Aug 19/8) 1;’ fi gs , 11 r~ IsPLATE S AND SHELLS

~~ _ ‘in . ii? , t .t.t lt ~1 PIll
Key Word s. Cylindrical she lf s , Cantilever beams , FlUgge ’s
sh ri ll theory . Wind-induced excit A t i on , Seismic excr t at ion

In this paper the dynamic dis placements and stres s e s of a
r .,d at u h f  I h.’un’rfwal lh nellie - Anal ys i s iii cantil ever circular cylindrical th ri ll , which is ~iddenly loaded 
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by shearing forces on its free edge, are analyzed w ithin the Key Words Cylindrical shells , Joints (junctions ), Discon’
framework of Fl~igge’s shell theory. r i ns u ity -co nta t n i ng media , Wave propagation

The effects of j oint discontinuity on wave propagation in
a cylindrical shelf are investigated in this paper. The joint

79-I 18 discontinuity consists of an elastic interlayer at the joint and
Torsional Vibrat ions of Nonhoniogeneous Cylinders structural disconti nuit y of the jo int. The transmitted and

and Cy lindr ical Shells reflected efficien cies are found for several cases of interest.

B M S~ngh and H S Dhaliwal
Dept of Mechanics and Sta t ist i c s . Univ of Calgary,
Alberta , Canada T2 N 1 N4 , Bull. At ad Pofon Si , 79— 1 21
¶~ ‘r Sc i  h’if i  , ~44 3) , p~i 157 163 (1978) 5 refs (1aracteri~ati on of Torpedo Structural Modes and

Resonant F’requetscies
Key Words: Circular cylinders , Cylindrical shells , Torsional C M . Curtis , R. H Messier , B L Sandman , and R.
vibration Brown

Naval Underwater Systems Center , Newport , RI
An analysis is developed for the torsional oscillations of cir- 02840, Shock Vib. Bull ,, U.S. Naval iRes Lab., Proccular cylinders and cylindrical shells in which the density
and rigidity vary in both radial f r i as well as axial h I  direc- Vol . 48, Pt. 1, pp 119-1 36 (Sept 1978) 24 I igs , 1
lions. The shear wave velocity is assumed to be constant or tdl ) IO
a function of the radial distance but independent of ,‘. The
equation of motion is solved for some particular forms of the Key Words: Toi ’pedoes , Transient response , Shoc k response ,
heterogeneity. Finally, she fr equency equations are ob- Resonant frequencies , Mode shapes , Shells, Mathematical
tam ed for many different cases, models , Finite element technique

A typ ical torpedo can be described as an assembly of corn-

79 119 
pIes structures contained within a ri bbed shell of variable

- shape and thickn”ss. For this - ‘ ,aso n, the ge nerality embodied
Dynamic Behaviour of Thin Cy lindrical Shells Sub- in she finite elemen , method lends itself well to the construc-
jec(ed to Trans ient his iser Pressures lion of an analytical model of a torpedo structure. In the
S Sisiuki present study a torpedo shell is modeled with plate and

[)ept of Aeronau t ical I nqtq , Nagoya Univ , ChIk1i ~ F beam elements which internal components are represented
as discrete masses on spring mounts. Anal ytical proceduresktu , Nagoya 464 , Japan , Nod . l.nmj r Des., ~~ and test data were used so formulate th e various internal

pp 223 229 (Sept 1978) 4 I i,qs , 11 rets component models.

Key Words: Cylind rical shells , Transient excitation , Internal
pressure , Laplace transformation

79-122

Stress analysis is carried out for horizontal thin cylindrical Vibratio n Analysis of Hyper bolic Cooling Towers
shells subjected to transient inner pressures resulting from the Due to Eart hquake Excit ations
closure of a terminal valva. The velocity of water at a valve H Kondo
is ad~us*ed to become t~ti e bt . The relationships between Ishikawajinla - Harinla Heavy Industries Co , Ltd..the dynamic hoop stresses acting on t he neutral axis of the
wall of a cylinder , the hydraulic pres sures , the dimens ions Tokyo , Japan , Bull. JSM[ , 21 (157) , pp 1095 3 102
of a cylinder and time are obtained . (July 1978) 10 figs , 9 ro ts

Key Words: Cooling towers . Hyperbolic parabolic shells ,
a Reinforced concrete , Seismic response

79.120
Wave Propagation in a Cy lindrical Shell with Joi t t i The hy perbo loidaf shells of revolution supported on columns
Discon t inui ty have been used effectively as natural draft cooling lowers

a of reinforced concrete. The purpose of this paper is tOA. H,mr ,ir I
analyze the dynamic res ponse of hyperbolic cooling t owers( Naval Undt.’,~vatvr Syslerns C ’rni’r , Newport , R I to earthquake excitations. Taking the propagating velocity

02840 , Shoi ’l. Vib Bull , U.S. Naval Rtns. Lab., of earthquake excitations into account , the author sh ows
Pro , , Vol 48. Pt . 3, pp 53 61 (Sept 1978) 9 I;qs , that hyper bolic cooling towers oscillate not only in beam
5 ref s vi bration modes but also in such higher vibration modes as

ova l izat ion of their cross sections.
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79-123 79•125
NASTRAN And SAP IV A pplications on the Seiressic Natural Frequencies of a Four Point-Supported
Reaponse of Column-Supported Cooling Towers Rectangular Plate Using the Rayleigh-Ritz Method
CS. Gran and T.Y . Yang J. Kerstens
School of Aeronautical and AstronautIcal Engrg.. Space Dept., Royal Netherlands Aircraft Fa i to r ies
Purdue Univ., West Lafayette , IN 47907, Computers Fokker , Schiphol-Oost . Rept . No. FOK - RV-77-38 ,
Strinc . 8 (6), pp 761-768 (June 1978) 10 fi gs , 15 rels 38 pp (Mar 1977)
Sponsored by the U S. National Science Foundation N78-25450

Key Words: Cooling towers , Shells, Seismic res ponse , Corn- Key Words: Plates , Solar cells , Natura l fr equencies , Funda-
puter programs , NASTRAN (computer program f , SAP mental frequency , Raylei gh-Ritz method
(computer program I

In the design of solar panels the first natural fr equency must
Hyparbo loidal reinforced-concrete shells are modeled using be as high as possible for a plate supported by tour hold-
orthotr opic quadrilateral flat plate finite elements. The down points. The energy method is used to obtain the
supporting columns and top ring-beam are modeled by fundamental frequency of this plate. This fundamental
beam finite elements, Natural frequencies and corre sponding frequency is computed using the Rayleigh-Ritz method.
mode shapes are found for several different tower configu ra-
tions. Results for fixed-base shells are in close agreement
with those determined using alternate methods of analysis.

79-126
Finite Strip Models for Vibration of Mindlin Plates
D.J. Dawe

79.124 Dept. of Civil Engrg,, The Univ. of Birmingham ,
In-Plane Vibration of Plates by Continuous Mass Birmingham B15 2TT , UK , J. Sound Vib., 59 (3) .
Matrix Method pp 441-452 (Aug 8, 1978) 5 figs , 6 tables , 18 refs
B. Ovunc
Dept. of CivIl Engrg., Univ. of Southwestern Louis- Key Words: Rec tangular plates , Flexural vibration , Finite
iana, P.O. Box 4-0172 , Lafayette , LA 70504 , Corn- str ip method , Mind lin theo ry , Transverse shear deformation
puters Struc ., 8 (6). r~’ 723-731 (June 1978) 14 figs , effects. Rotatory inertia effects
3 tables, 24 refs

Four finite strip models are developed for the f lexura l vi-
bration anal y t ic of rectangular plates based on Mind lin theory

Key Words: Plates , Vibration response, Matrix methods , which takes account of transverse shear deformation and of
Finite element technique rotary inerti a. The strips are simply supported at their ends

and differ one from another in the order of interpolation
The continuous mass matrix method derived for frameworks employed to represent the variation of each of the plate
is extended to th e analysis of in-plane vibration of plates. deflection and the two rotations across the strip . The four
A continuous mass distribution wh ich is the same as the models are based in turn on quadratic, cubic, quart ic and
actual mass distribution of the plate is considered over each qu intic interpo lation. Numerical results are presented of
rectangular finite element. Taking into account that the applications of the strip models to she calculation of the
rig id body movement produces inertial forces in dyn amic natural frequ encies of both thin and moderately thick
analysis for a rectang ular plate element eight indepen dent pl ates. The inf luence that the assum ed value of the shear
conditions are provided to satisfy eight independ ent free- coeff icient has on natural fr equencies is considered for two
doms, Each condition is obtained from an independent pam-t icular moderately thick plates.
displacement distribution satisfying the equations of motion
as any point of the element and not only at the nodes of the
rectangle. The dynamic element stiffness matrix thu s obtain-
ed is a function of the natural circular frequency. The limit
of the dynamic element stiffness matrix when the value of 79-127

the natural circular fr equency tends so zero is the static , Uae of Asym ptotic Solutions from a Modified Bolotin
stress compatible element stiffness matri x, The analysis Method for Obtaining Natura l Frequencies of Clamp-
of plates under forcing forces is performed by modal analysis ed Rectangular Orthotrop’ic Platesafter th e natural circular fr equencies and the corre s ponding
modal shapes have been obtained from the free vibr ation s, K . Vijayakurnar and G.K. Ramaiah
for all the forcing for ces are assumed to be function of the Dept. of Aeronautical Engrg., Indian Inst. of Science ,
same time variation , Bangalore 560012, India , J . Sound Vib., 59 (3),
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pp &Ih 347 (Asei 8 , 19/8) 1 ui. 3 tables , 25 ir ’ f s  79— 130
A Srssii-Anal ytic Solution for I” ree V ibration of Rect-

Key Words: Rectang ular plates , Natural frequencie s , Flex ur angu lar Plates
al vibration , Bo lot in method , Asymptotic approx imation , M M irk hopadf ryay
Rayleig h-Ritz rsr ethod l)ept. ~ f Naval Ar uhi lectiir :. lr rd .an Inst. of Iei’ti ,
Solutions of the problem of flexural vibration of clamped ~~~ 91°~ 721 302, India , .1. Sound Viii . 60 (1) ,
rectang ular o rthot ropic plates are initially obtained by a PP 7185 (St.’ it  8, 1978) 6 figs , 9 tables , 11 refs
modified Bo lot in ’s asymptotic method and these solution s
are then used as admissi ble functions in she Rayleigh-Ritz Key Words: Rectang ular plates , Free vibrationmethod, Estimates of frequencies obtained by the modified
Bo~osi n , Rayleig h and Ray leig h- Ritz method s are presen ted. By substituting the basi c function satisfying bounda ryAccuracies of these estima tes are discussed in detail, cond it ions along two oppos ite edges in one direction of the

plate and then using a sui table transformation , the free vi~brati on equation of the shape functi on of the plate is reduced
to an ordinary differential equati on. The resulting equation
is expressed in finite ait ference f orm. The problem is thus
transformed into an eigenvlaue problem which on solution79-128 yields the natural fr equencies of free vibration of plates.

Transverse ‘I ibration of a Rectangular Plate Elas- Exam ples have been presented for a varie ty of plates having
tically Restrained Against Rotatios i Aloss g Th ree ditferent boundary conditions and havi ng constant and v ar -
Edges and Free on the Fourt h Edge able thickness. Excellent accur acy has been obtained.

P A A. Lau ra and H Gross i
Inst. of Applied Mei’han e s , 8111 I 

~,isr’ Nav,il Prier to
Belgrano , Argentina , .1 Sound Vib , 59 (3), pp 355 79—13 1
368 (Aug 8, 1918) 9 figs , 5 t,Ibles , ¶ 1 rot s Upper and Lower Bounds to the ~aturaI Frequencies

of Vibration of C laissped Rectangular Orthotrop ic
Key Words: ~ ectait’guIar plates , Flexural t ’ lbrat ion, Ritz Plates
method F( D. Mar,inqoni L M Cook , and N. Basavanhally

Dept oI Me~-Ii - I nqrq. , Univ . of Pittsburg h, Pitts-A literature search has shown that she title problem has
buigh , PA 15261 , lull .1. Solids Stu ut ., 14 , pp 611received no treatment. In she present study the problem is —

solved by the Ritz method with deflection functions which 623 (1978) 1 1 ligs , 4 tables , 16 re ls
are simple polynomials. Frequency coefficienrs f or the funda-
mental mode and two other high er natural dynamic states Key Words: Natural frequ encies , Rectang ular plates , Ortho~are presented, tropism

The Rayleigh-Ritz techni que , using clamped beam eigen
functions , has been employed to determine th e upper bounds
for the eigenva lues for a clamped orthotropic pl ate. The de-
composition technique aft er Bazely and Fox has been used79 129 to estimate the lower bound s for the first few natural fre-

Free Vi bration Anal ysis of Rectangular Plates with quencies. The estim ates for the upper bounds have been
Inelastic Lateral Support on the l)iagonals evaluated for all modes by not Imposing any restriction on
D J . Got man she symmetry conditions, Variations of the first two natural

f requencies for various rigidity end aspect ratios which canDeln nf Mi’i.h I cri~t~i . Univ o l Ottawa , Ottawa . be of some use to the desi gners are presente d, Also the upperCanada . .J Aeouist. Sor Ariii ’r , 64 (3), ~r 823 and lower bounds for the fir st few natural frequencies are
826 (Sept 1978) 2 fi gs , 1 t .iblr’ , 10 r e ls tabul ated. Comparison of the resul ts for special cases with

other reported data havc been made whenever such results
are available,Key Words: Rectangular plates , F ree vibr ation

An analytical solution it obtained for the pr oblem of the
free vibration of a rectangular plate with simple supp ort

79-1 32at the edges and inelastic lateral suppo rt along one diagonal .
The solution , of (he double s ine serie s type introduced by Aay isssne (ric ~ ibra lion and S ability of Cirrular
Nav ier , can readil y he extended to plates with similar sup port Plates
on both diagonals and different kin ds of edge support. C C
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Univ nI C.rl rfo r fli ,i , Irvine , CA 92717 , Coiriputers 8 Iigs , I table , 8 rots
Struir , 9 ( 1) ,  pp 89 95 (1978) 3 I gs , 2 tables , 15 ro ts

Key Words: Helical springs, Hysteretic damping, Viscous
Key Words: Ring s , Circular plate s , Vibration respon se , damping, Resonant res ponse , Mathematical models
Fin ite element techniqu e

An analytic al model of a helic al s pring is developed which
The asymm etric vibration and stability of circul ar and an~ 

Includes distributed mass , viscous damping, and hystereti c
nulor plate s using the finite element method is discussed, damping, The limiting effect s of both typ es of damping on
The plate bending model Con sists of one ’d imensio nal cir- the resonant res ponse are discussed, The model is seen so
cu lar and annular ring segment s using a Fourier series ap- compare reasona bly with exis ting experimental data.
proach to model the problem asymmetries. Using displace-
ment fun ctions wh ich are she exact soluti ons of the static
plate bending equation , the stiffne ss coefficients corre-
spo nding to she 1st and nth harmonics are used in closed STRucT URALform . Several numerical exampl es are presented to demon-
strate the effi ciency and accur ac y of she fini te element
model with that of classical methods.

79-135
Vibration of Structural Menibers Caused by Non-

RINGS stationar y Exc itation (Bauwerksschwingung infolge(Also see Mo. t32 l nichtstationaerer Erregung)
P. Klippu’ l
Techrrische Univ ., Bei (in , West Germany, Rept. No.79-1 33
lLR-Ber~24 , 102 pp (1977)Dynamic Stability of Ann ular Plates I1nder Periodic (In German)Radial Loads N78 25460J. Tare and T. Nakarnura

Inst of High Speed Mechanics , Tohoku Univ ., Sendai , Key Words: Structural members, Parametric responseJap an , J. Acoust Soc . Amer ., 64 (3) , pp 827-831
(Sept 1978) 8 figs , 13 ref s Numerical parameterization methods are developed for

predicting responses of struc tures and structural members
to dynamic loads , Applicatio n of oscillatory vel ocities forKey Words: Rings . Plates , Periodic excitation
estimating dynami c loads acting on vibrating structures
establishes a correlation betw een extreme bending stress andThe dynam ic stability of clamp ed annular plate s of which
extreme osc illation velocity, regardless whe ther stationar y /both the edges are subjected to the same periodic radial loads perio dic- or transient- excitations are applied,is studied theoretical ly. The (3alerkin proce dure is used to

reduce the problem to that for a finite degre e-of-freedom
system, the stability bound aries of which are determined
by utilizing Hsu ’s result for coupled Hill’ s equat ions. For
three typica l annular plates , the instability regions of both 79-136principal and combination resonances are determined for
a wide range of exciting frequenci es with the effec t of static Dynamic Response of Structur e s in Frequency
compressive forces taken into consideration, l)omain

A M S.A. Abdefrahman
Ph.D. Thesis , Polytechnic Inst . of New York , 83 pp
(1978)SPRINGS
UM 781 6740

Key Words: Frequency dom ain , Wind induced exci tation ,79-134 
Structural response, Seismic excitationResponse of a Helical Spring Considering Hystere tic

and V iscous Damping The primary purpose of this investigation is the evaluation
P F Mlakar and R.E Walker of the dynamic response of structures using frequency

domain method. The present disser tation contains twoU S Army Engineer Waterway s Experiment Station , parts. Part I deals with th e subcritical excita tion and dy-Vick s bt i rg , MS . Shock VIb . Bull ., U.S. Naval Res. namic response of Structures in frequency domain. Part III 3th , Proc , Vol. 48, Pt. 2 , pp 63-74 (Sept 1978) deals with the along-win d gust effect on elevated st ructures.
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79-137 Key Words : Earthquake resistant structures . Walls, Com-

Analytical and Numerical Investi gation of Structural puter aided techniques

Response 0f Compliant Wall Materials Part 1 The objectives of she first part of this analysis are to evaluate
R Balasubramanian the relative influence of vario us structura l and ground motion
Old Dom inion Univ , Nor fo l k . VA , Rept No. NASA parameters on the dynamic response to shear forces and
C R 2 999 .98 pp (May 1978) deformations in critica l regions of structural walls; so deter-

significant stnaclura) parameters; and to correlate data on

N78-25458 mine estimates of critical force and deformation require-
ments in hinging regio c .s of structural walls corre sponding
to different combin ations of eart hquake intensity and the

Key Words: Walls . Nonlinear response

~ I critical dynamic response with data from laborator y tests
Surface motion of compliant walls in drag reduct ion ex- of iwl ated walls under reversing load s to arrive at recom-
periments was analyzed. Critical comparison was made be- mendations on design force levels.
sween the dynamic motion of the structure and the postu-
lated mechanism of drag reduction. The spectrum of surface
motion indicated that membranes over deep cavities respond
at low frequencies and large wavelengths. Computer programs
developed for these analyses are documented . TIRES

79.138 79-140
Eart hquake Resistant Structura l Walls - Tests of Static and Dynamic Analysis of Cast and Cast Carcaas
Coup ling Beams Tires
CB.  Barney, K . N. Shie , BG.  Rahhal , ,rnd A L  J R .  Hampton
Fiorato Air Force Flight Dynamics Lab., Wri ght-Patterson
Construction Technology Labs , Portland Ceriient AFB . OH, Rept No. AF FDL-TR-78-42 , 94 pp
Assn., Skokie , IL. , Rept No. NSF/RA-760844 , (Mar 1978)
142 pp (Oct 29, 1976) AD-A054 941 /OGA
P13-281 733/6GA

Key Words: Earthquake resistant structur es , Walls , Beams . 
Key Words: Aircraft sires, Dynamic tests

Reinforced concrete , Dynamic tests The AFFOL/FEM initiated a program to establish the poten-
tial of cast sires for application to Air Force aircraft. This

Design cr iteria for reinfo rced concrete structural walls used program involved the analysis of seventy-five (75) case
as lateral bracing in earthquake resistant buildings are being 6.00-6 Type Ill aircraft tires which were rotational l y cast /
developed. Tests are conducted to investig ate the behavior molded from a thermoplastic polyester elast omer material
of reinforced concrete coupling beams under reversing loads. (Hytrel ) . These tires have a continuous toro idal construction
This report covers test details and preliminary results for the and do not have textile reinforcement or bead bundles. The
first six coupling beam tests , Four specimens with diagonal first of a two phase program involved Static and dynamic
reinforcement and two with no diagonal reinforcement were analysis of oft-the -shelf li ght industrial vehicle cast tires
tested , which had a rated maximum loading of 415 lbs and rated

maximum speed of 10 mph. The second phase of this in-
house test program resulted in a 6.00-6 size cast tire whi ch
satisf actorily passed 89 laborator y dynamometer qua lifica-
t ion tax i takeoff cycles.79-139

Structural Walls in Eart hquake Resis taist Structures:
Analytical Invest igation - Dynamic Anal y sis of
hsolated Structural Walls - Part s A and B
M. Fintel , A T . Derecho , S K . Ghosh , M. lqbal , SYSTEMS
and G.N . Freskakis
Construction Technology Labs.. Portland Cement
Assn., Skokie , IL., Rept. No. NSF/RA-760849 .
285 pp (Oct 1976)
P13-281 623/9GA ABSORBER
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79-141 79- 144
Cylindera: Softenin g the Blow Multi-Variable Optimization for Vibrat ion Isol atio n
B L Rich of Road Vehicle s
Cylinder Div ., Parker Hannifin Corp., Des Plaines , E . Esmailzadeh
IL , Mach . Des., 50 (12), pp 66-69 (May 25, 1978) Dept. of Mech. Engrg., Arya Mehr Univ. of Tech.,

Tchran . Iran , Shock Vib. Bull ., U.S. Naval Res. Lab.,
Key Words: Energy absorption Proc., Vol . 48, Pt. 2 , pp 8596 ( Sept 1978) 8 figs ,

8 ref s
Four types of commercially available cylinder cushions for
absorbing impacts caused by speeding pistons, are described .
Stra ight-spear cushions are the most common , but st epped- Key Words: Shock absorbers, Interaction: vehicle-terrain ,
spear and sapered.spear cus hions are also widely used. Piccolo Vehicle response . Vibration control

cushions have excellent deceleration characteristics, but
because of their high cost , they are usually custom-designed The tran smission of road -generated vibrations into a vehicle

unit s . Optimum terminal velocities of the cylinder and the body is treated as a source-path-receiver problem . The sus-

selection of proper cushion is disc ussed , pension system acts as the path , and improved isolation can
be achieved by having a single compliant bushing at the
connecting point of the shock absorber to the body with
none at the other end. A mathematical model is derived
for such a system and an expression for the absolute displace-

79-142 ment transmissibility of the body and that of the wheel is

Damping High-Pressure Low-Flow Energy lnstan- derived . An optimization procedure is aç~~lied in order to

taneously evaluate the optimum values of the non-dimensional variables
Involved ,Ml . Korytko

Erie Press Systems . An EFCO Company, Erie , PA ,
Hydraulics and Pneumatics . 31 (4), pp 55-57 (Apr
1978) 5 fi gs

ACTIVE ISOLATION
Key Words: Hydraulic presse s . Energy dissipation

A hydraulic blanking press is described which dissipates the
energy of 1000 tons of force at 3000 psi in less than 0.1 79-145
seconds, by means of catching cylinders built into the lower A Modal Control Approac h for Active Control of
platten of the press. The cylinders stop the rem autom ati - Multi -Sto,~ Structures
call y the moment the punch break s through the steel plate ,

C R . Martinpreventing an overstroke of the punch. The low-flow shock
waves shut generated are dissipated by specially designed Ph . D. Thesis , State Univ. of New York at Buffalo ,
non-mech anical shock dissipators immediately downstream 84 pp (1978)
of the catchi ng cy linders. UM 7817063

Key Words: Multisto ry buildings , Wind induced excitation ,
Active damping

79.143
Testing Piping Const raint Energy Abeorbere for A problem of considerable current interest in structur al

Reactor Containment Applications engineering is the design of active control systems for civil

A C Yaeger and R C Chou engineering structures, While the problem of active stru ctural
control can be formulated based on classical optimal control

Franklin Institute Res. Labs., Philadelphia , PA., theory, the combination of structural flexibility, dimension,
Shock Vib. Bull ., U.S. Naval Res. Lab.. Proc., Vol. and weight presents unique problems with respect to real-
4.8 , Pt 2, pp 161~181 (Sept 1978) 15 figs , 1 ref time controllability, control implement ation , end economic

feasibilit y , In this dissertation the concept of modal control

Key Words: Energy absorption, Piping systems , Nuclear is offered as a possible design technique for active structural
reactor cont ainment control systems. The control objec t ive is to affect direct

changes of E.ciflc dynam ic modes end stiffness of the
An experimental program is described to test a design con- system , and this is possible when she motion of the structural
caps for durable low cost energy absorbers to be used as system consists mainly of a limited number of separeble
piping constraints in reactor containment structures , modes.
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AIRCRAFT 79-148
(Also see Nos. 68. 76) Calculation of Natural Frequenciea and Mode Shapes

of Mass Loaded Aircraft Structures
P.W.79- 146

Community Noise Exposure Resulting from Aircraft Air Force Fl i ght Dynamics Lab., Wright-Patterso n

Operat ions. Volume 5. Acoustic Data on Air Force 
AFB . OH , Shock Vib. Bull., U.S. Naval Res. Lab..

Propeller Ai rc raft Proc., Vol. 48. Pt. 3, pp 13-20 (Sept 1978) 5 figs ,

J.D Speakrnan. R G. Powell . and BA .  Lee 4 tables, 6 refs

Aerospace Medical Ros . Lab.. Wrig ht-Patterso n AFB.
OH, Rept . No. AMRL~TR-73~1 10-vOL-5 . 703 pp Key Words: Aircraft , Natural frequencies. Mode shapes.

Random vibration
(Feb 1978)
AD-A055 079/BGA Aircraft optical packages are forced by the local random

vi bration response characteristics of the airframe. Hence .

Key Words: Aircraft noise , Noise measurement the vibrat ion characteristics must be known by the designer
of optical packages. However, since the environment changes

Thi s series of reports present the results of field test mea- with the additi on of the electro ’optica l syst em, it is neces-
surements to define th e noise produced on the ground by sary to predict the modified vibration environment , eith er

military , fixed wing airc raft during controlled level flyovers by fligh t testing with mass simulations or conducting struc ~
and ground runup,. For flight conditi ons , data are presented tural analysis. This paper poses the problem of loaded ran~
as a function of angle and distance to the aircraft, All of the dom vibration response estimation using Galerkin ’s method ,

data are normalized to standard acoustic reference conditions a direct method , and a generalized coor dinates app roach.

of 59 F temperature and 70% relative humidity .

79-149
79-147 Analytical and Experimental Fatigue Program for the
Low Frequency Cabin Noise Reduction Based on the Kfi r Main and Nose Landing Gears

Intrinsic Structural Tuning Concept: The Theory and B. Abraham
the Experimental Results. Phase 2 Israel Aircraft Industries , Ltd., 7 pp (1977)
G. SenGupta N78~25455
Boeing Commercial Airplane Co., Seattle , WA , Rept.
No. NASA-CR- 145262; D6-44283; 0748-10113-3 , Key Words: Aircraft equipment , Landing gear . Fatigu e iife .

104 PP (Mar 1978) Fatigue tests

N78-24900 The fatigue program began in the detail phase; next came the
development of loading spectra used fo r analysis and test .

Key Words: Aircraft , Noise reduction , Vibration tuning . A fatigue analysis was then performed for several suspected
Vibration damping critical locations on both gears. A f light-by ’f light test was

perf ormed on both lending gears with the aim of demon-
Low frequency cabin noise and sonically induced stresses str ating four service lifetimes of operation. Design modifica-
in an airac raft fuselag e may be reduced by intrinsic tuning ti o ns i~ Pre introduced , based on the results of these tests.
of the various structural members such as the skin , str ingers , Rational inspection and replacement inte rvals were establish-
and frames and then applying damping treatments on these ed for the main and nose gear , so me of which require moni-
members. The conc ept is also useful in identifying the key toring of aircraft.
structural resonance mech anisms controlling the fu selage
response t o broadband random excitation and in developing
suitable damping tr eatments for reducing the structural 79 150
response in various frequency ranges. The mathematical Effect of Loading-P rogram Modifications in Rotating .proof of the concept and the results of some laboratory and
fiel d test s on a group of skin-stringer panel are described. Bending Tests on Fatigue Damage Cumulation in
In the so-called stiffne ss-controlled region , the noise trans- Aircraft Material Spec’uneus
mission may actually be controlled by stiffener resonances , A. Buch
depending upon the relationship between the natural fre- Dept. of Aeronautical Enqrq. , Tt hnion lsrde( lnst. ot
quencies of the skin bay and she stiffener s . Therefore , Tech .. Haifa , lsrael , Rept. No. TA E-325 , 42 pp (Nov
cabin noise in the stiffness-controlled region may be effec-
tively reduced by appl y ing damping treatments on the stiff . 1977)
eners. N78 25452
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Key Words: Air craft , Fatigue (material s) , Fatig ue tests element model of the seat structure is included . The input
data are structured so that any aircraft seat can be modeled

Multilevel rotating banding block tests were performed and by providing only nodal coordinates , element cross-sectional
the eff ect of stress peaks on the damage sum of notched dime nsions , and material properties. Plastic behavior is
aircr aft material specimens was inve sti gated . Test results simulated by plastic hing es at t he beam ends, Comparison s
were compared from the vi ew points of the residual stress of model pred ictions with measured data for a dynamic test
concept and of the nonlinear , stress dependent damage of an energy-absorbing seat are included.
cumulation approach. The residual stress concept seems to
be valid not only for nonsymmetrical axial l oading but also
for some rotating binding loading sequences , when stress
peaks are acting. The nonlinear str ess dependent damage 79-1 53
cumulation approach is in good qualitative agreement with Crashworthy Gunner Seat Testing Programrotating bending test results , in the ca se where the role of M j  Reilresidual stresses is negligi ble. .

Boeing Vertol Co., Philadelphia , PA , Rept. No.
D210-11327- 1 , USARTL-TR-78 -7 , 155 pp (Mar
1977)

79-151 AD-A054 970/9GA
Light Airplane Crash Tests at Three Flight-Path
Angles Key Words: Aircraft seats, Helicopter seats , Crashwo rthi-
C.B. Castle and E. Alfaro-Bou ness, Experimental results
Langley Res. Center, NASA , Langley Station , VA ,
Rept. No. NASA~TP-1 21O; L-12060 , 69 pp (June A crashworthy gunner seat swivel concept developed under
1978) a previous contract was ref ined and detail drawings were

made . Six seats were fabri cated , four for static te stin g and
°~~ 

~ two for dynamic testi ng. Modifications were made after the
first four static tests. Additional static tests were success-

Key Words: Crash research (aircraft ) , Experimental data fully performed on two of the modified seats. A vertical
drop test and a horizon tal dynamic test were performed

Three similar twin engine general aviation airplane speci- on the remaining two modified seats.
mens were crash tested at Langley impact dynamics research
facility at 27 m/sec and at flight-path angles of ‘ 15 deg,
- 30 deg, and - 45 deg. Other flig ht parameters were held
constant, The test facility , instrum entation , test specimens , 791 54
and test meth od are briefly described . Structural damage A Preliminary Investigation of Nomad Instrument s-
and accelerometer data for each of the three impact condi- tion Beom Vibratio ntions are presented and disc ussed.

PA.  Farrell and B. Quinn
Aeronautica l Res. Labs., Melbourne, Australia , Rept.
No. ARL/STRUC .TM-273 , 11 pp (Feb 1978)

79-1 52 AD-A055 0J 0/3GA
Mathematical Simulation for Crashwo rthy Airc raft
Seat Design Key Words: Airborne equipment response, Booms (equip-
O H . Laananen ment), Vibration control
The Pennsy lvania State Univ ., University Park . PA ,
J. Aircraft , 15 (9), pp 567-573 (Sept 1978) 11 figs , An investigation of the lower order modes of vibration of— an instrumentation boom fi tted to a Nomad aircraft was1 table , 15 refs

carried out and the results are presented, Recommendations
for reducing the amplitude of boom vibration exp erien cedKey Words: Aircraft , Crash research (aircraft) at sake -o ff are made.

A three -dimensional mathematical model of an aircraft
seat , occupant , and restraint system has been devel oped
for use in the analysis of light air craft crashworthiness. The 79-1 55
occupant model consists of 12 rigid mass segments who se Dynamics of the Longitudinal Motion of an Ai rplanedimensions and inertial properties have been determined 

with a Variable-Geometry W ingfrom studi es of human body onthropometry and kinematics
and fro m measuremen ts of a production anthropom orphic Z. Dzygadlo and J. Maruszkiewicz
tess dummy. Because of the significant role played by the Warsaw , Poland , J . Tech . Phys., 19 (1) ,  pp 125~137
seat in overall system cra s hworthiness , a detailed finite- (1978)8 figs , 7 refs

. 1  
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Key Words: Aircraft, Longitudinal res ponse , Aircr aft wings figuration , direction , and location along the length of the
missile ar e examined . The conclusions d rawn in this report

In order to investigate the peculiarities of modern eircra fts add conformation to previous captive-flight vibration studies
with variable- sweep wings , the dynamics of long itu dinal in establishing general correlations between captive- flight

perturbed motion of such an airplane is cons idered under parameters and captive-f lig ht vibration ,

the condition of var ying sweep-back. The subject of the
present study is the process of increa sing and decreasing
the wing sweep angle and the typ e of perturbations of fl ight
parameters. BUILDING

(Also see Nos. 138, 139 . 145 , 164)

79-156
Capteve Carriage Vibration of Air-to-Air Missiles on 791 58
Fight er Aircraft Effect of Turbulence on the Pressure Distribution
W.G. Fr ost , PB . Tucker , and G .R Waymon and Vibratio n of Angu lar Bodice. Part 1. Pressure
F-15 System Program Off ice , Wr ight Field . Dayton. Distribution on Model Buildings at Small Angles of
OH , J. Environ . Sci ., 21 (5), pp 11- 16 (Sept/Oct Attack in Turbulen t Flow. Part IL The Aero elastic
1978) 14 figs , 12 ref S Vibration of the Square and li-Shaped Sections in

Turbulent Cross Flows
Key Words: Aircraft . Wing store s, Missiles , Vibration test s J.A. Roberson and CT .  Crowe

Flight measurements obtained on F.15 fighter aircraft show Washington State Univ.. Pullman , WA . Rept. No.

that current missil e vib ration s pecifications do not adequate- TR/ HY- 1 /78, 151 pp (Mar 31 , 1978)
Jy cover captive carriage. They include vibration caused by PB-282 439/9GA
boundary layer noise, but not vibration induced by man-
euvers. The latter occu r at frequencies below approximately Key Words: Buildings. Wind induced excitation , Turbulence
200 Hertz. Vibration at these frequencies is much higher
than specifi cat ion test levels. It is therefore considered The stu dy objectives were to determ ine the effects of free
important that these vibration levels be inco rporated in stream turbulence on the pressure distribution about rect-
vibration qualification test specifications for future air-to-
air mi ssiles , Recommended vibration test levels and test angular building shapes and its eftects on vibration of square

and H-shaped sections.
procedures based on the F-15 flight measurements are
provided.

79 159
79-1 57 Concord e Noise-Induced Buildin g Vibrations: John

The Vibration Response of the PHOENIX Missile F. Kenned y Internat ional Ai rport
in t he F.14 Aircraft Capt ive-Flight Environmen t W .H . Mayes , 0G.  Stephens , R . DeLoach , J .M. Caw-

M.E . Butke t horn. H.K. Holmes , RB .  Lewis , B.G. Holliday,

Pacific Missile Test Center , Foint Mugu , CA , Shock D.W. Ward , and W.T. Miller
Vib Bull , U.S. Naval Res . Lab., Proc .. Vol. 48, Langley Ret. Center , NASA . Langley Station , VA ,

Pt. 4, pp 139-150 (Sept 1978) 14 figs , 2 tables , Rept . No. NASA~TM-78727; Rept-3 , 47 pp (Apr

4 refs 1978)
N78 26876

Key Words: Aircraft . Wing stores . Vibration respon se,
Flight simulation Key Words: Buildings . Ac oust ic excitat ion , Vibration

response. Aircraft noise
Vibration loads are an imp ortant cause of failures of air-
launched missil es in the captiv e-flig ht environment. In order Outdoor and indoor noise levels resulting from aircraft
to reproduce these loads in testing it is first useful to under. flyovers and certain nona ircraft events were recorded at eight
stand the relationship betwee n the induced vibration and the hom esites and a school along with the associated vibration
captive-flight parameters. This paper investigates the vi bra- levels in the walls , windows, and floort at these test sites.
tion response characteristic s of the PHOENIX missile on the Limited subiect ive tests were conducted to e*amine the
P.14 aircraft in the cap t ive’f liqh t environment. Variations human detectio n and annoyance thresholds for building
in vibration response w ith flight condition , mounting con- vibration and rattle caused by aircraft noise.
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CONSTRUCTION A thr ee ’dimensiona l mathematical model of the cochlea is
constructed . The basilar membrane is represented by a linear
visco-elastic plate of variable width and thickness. It is shown
that the point’impedance characterization of the basilar
membrane is the analogue in one- and t wo-dimensional

79.160 models of this visco -elastic plate representation .
Road Coisslruct ’ion Noise
0 J . M~trtin
Environriit ’nt Div. , Tiarisport and Road Res. Lab.. ISOLATION
Noise Control Vib Isolation , 9 (7) , pp 278 282
(Aug/Sept 1978) 2 figs , 2 tables , 5 refs

79.162
Key Words: Construction equipment , Noise generation . . , -Design Synthesis of a ‘ehicle Suspension System
Noise from construction and demolition works fr equently L1 sang Multi -Parameter Optimi iatio n
gives cause for complaints by people li ving or working near- E. Esmailzadeh
by. Noise leg islation in the UK contained in the Control of Dept. of Mech . Engrg., Arya-Mehr Univ. ol Tech ,,
Pollution Act has g iven powers to local authorities to control P.O . Box 3406 , Tehran , Iran , Vehicle Syst . Dyn
noise from these types of operation . These powers were

7 (2). pp 83-96 (Apr 1978) 7 figs , 17 retsdes igned to be effective in enabling local authorities to con- —
tro l any noise nuisance while avoiding hindrance or disrup-
t ion of the works in question . In 1974 a research program Key Words: Suspension systems (vehi cles ) , Mathematical
was begun at the Trans port and Road Research Laborato ry models , Gradient methods , Optimization
(IRA LI to study noise from motorway, trunk road and prin-
cipal road con struction sites with the aim of producing a The transmission of road-generated vibrations into a vehicle
description of the noise climate around a site and a simple body is treated as a source-path-re ceiver problem. The sus-
method of prediction. The aim of this research was to enable pension system acts as the path , and improved isolation can
road planners to appreciate the effects of a proposed road be achieved by having a single compliant bushing at the
constructi on on the noise environment and to take this into connecting point of the shock absorber to the body with
account at the design stage. The research wou ld also ass ist none at she other end. A mathematical model is derived for
local authoriti es in setting realistic noise limits and help such a system which would enable detailed parameter in-
site eng ineers and contractors to assess what measures would ves t igat io n to be unde rtaken using the gradient method of
be needed to meet the limits, This paper summarizes some optimization . An expression for the absolute dis placement
results of this research, tran smissibility of the body is derived and the optimization

procedure is applied in order to evaluate the optimum values
of the non-dimensional variables involved, This minimizes
the max imum motion transmitted to she body from the road

HE LICOPTt RS surface over a broad fr equency range.
(See Nos. 19 , 183, 1 94)

79.163

HUMAN 
Expers is ic ista l Results of an Earthquake Isolatioss
Syste iss Using Natural Rubber Bearings
J M . Eidinger and .J M. Kelly
Earthquake Enqrq. Res Center , Californi a Univ.,

79.161 Berkeley, CA. , Rept. No. UCB/EERC.78/0 3, 58 pp
On the Phys ical Background of tise Poin .lmped anee Feb 1978)
Character ization of the Basilar Membrane in Cock lear P8-28 1 686/6GA
Mechanics
M A . Viergever -Key Word~ Iso lators , Elastomeric bearings , Earthquake
Dept. of Mathematics . Delft Univ. of Tech., The resistant structure s , Exper imental data
Netherlands . Acustica , 39 (5) , pp 292-29 7 (Apr
1978) 2 figs . 24 rets This report describes the experimental results of e series

of earthquake s imui atior t tests on an earthquak e isolation
system based on natural rubber bearings. Three forms of

Key Words: Bioengineering, Mathematical models, Plates, isolation system were used. As the prima ry purpose of the
Organs (biological) test program was t o exam i ne the effect of damping in the
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isolation system , the essential difference between the three A dynamic and structural analysis of a proposed reusable
forms w as the level of the damping in the system. A large Sh ipping and Storage Container for the Encapsulated HAR-
number of simulated earthquake motions were used in the POON Missile was made by the Naval Weapons Handling
tests including Ei Centro 1940, Taft 1950, Parkfie ld 1966 Laboratory as part of the design study for such container.
and Pacoir na Dam 1971. The subject design incor porates a freebreathing fiberglass

pod containing she encapsulated weapon. The pod and wea-
pon are suspended from a truss-like outer structure by
elastomer ic mounts configured in a laterally foc alized fash-

79.164 ion. Th e analysis generates isolator parameters which at-
tenuate the handling and transportation shock and vibration

Floating Floors - How Effective Are They’ environment to safe levels for the weapon and verifies that
AS.  Saunders the structural design concept can sustain the resulting loads.

-
~ Consultaricy Group, Industrial Acoustics Co., Ltd

Noise Control Vib Isolation , 9 (7), pp 272-276
(Auq/Sept 1978) 6 figs MECHANICAL

lSee No. 11)
Key Words: Is olators , Buildings , Floors . Fl oating bodiet

In the construction of large buildings cost and space require-
ments often dict ate placing a large , closely packed plant i n PUMPS, TURBINES , FANS,
a roof sop plant area. This causes two problems : airborne
sound transmission and vibration , w hich cannot be solved COMPRESSORS
by means of standard anti-vibration measures, and stru ctural
isolation is required . The solution of the above problems , by
means of wood or concrete floating floor , is described. 79-167

Gas Turbine Core Noise Source Isolation by Internal-
to-Far-Field Correlations
B.N Shivasharikara79-165

Isolation Mounts for the HEAO.B X-Ray Telescope Boeing Commercial Airplane Co., Seatt le , WA , J.
Aircraft , 15 (9), pp 597-600 ( Sept 1978) 8 figs .H.L. Ham and R . Miller
3 refsLord Kinematics , Erie , PA , Shock Vib Bull., U.S .

Naval Res. Lab , Proc . Vol . 48, Pt. 2. pp 97~113
(Sept 1978) 17 fi gs , 1 table , 3 ref s Key Words: Noise source identification , Electric power

plants , Gas turbines

Key Words: Iso l ators , Equipment mounts An auxiliary power unit was tested for exhaust noise in an
.-~nech oic chamber. Six internal and numerous near- and

This paper describes the orbiting HEAO-B X-ray Telescope far-field micr ophones were employed. Extensive cross- cor-
experiment packag e an d the isolation mounts which will relation and coherence function anal ysis were perf ormed.
be used t o support and protect it. The design and testing
pha ses of the isolation development program are fully de-
scribed and data are presented.

79-168
A Program for Rating the Loudness of Consumer
Fan Products

79-166 D.E Clapp and C E .  Neellt~yDynamic and Structural Anal ysis of Reusable Ship. Texas A&M Univ. , College Station , TX 77843, Noise
ping and Storage Container for Encapsulated lIAR. Control engr , 11 11) .  pp 1217  (July/Aug 1978)
POON Miss ile (RGMH4A) 2 f igs , I table , 10 ref s
C P
Naval Weapons Handling Lab , Colts Nem. k , NJ, Rept Key Words - Fans , Noise measurement
No NWHL-7628 . 56 pp (Apr 16. 1976)
AD- 801 1 686/3GA The ongoing voluntar y program established by the Home

Ventilating Institute to rate their fan pr oducts for loudness
is d iscussed. It is based on a one-third octave band soundKey Words: Missiles , Shipping containers . lsolators , Sus-

pension systems (m issiles) power analysis conducted in a laboratory grade reverberation
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room , Sound power measu rements are converted to sound Railroads . Chicago , IL , Rept. No FRA/ORD-78/08 ,
pressure levels and fina lly loudness in tones at a fixed d is- 60 pp (June 1978)
t. nce from the source. PB-282 357/3GA

Key Words: Railroa d trac ks , Mathematical models , Design

79-169 techniques

Acoustic Evaluation of a ~ovel Swept-Rotor Fats The obje ctive of the repo rt is to demonstrate the use of
J O .  LuujS , R .P. \A’uod’.~arrl , and Mi. Mackinnon mathematical track structure models in the development of
Lewis Res. Center , NASA . Cleveland . OH , Rept. No. design charts. The models have been developed in Task 1 ,

NASA-TM 78878; E-96 12 . 24 pp 1978) Mathematical Modeling, of the Track Structures Research

Sponsored by A 1AA Program , Contract DOT-FR-30038. The charts should enable

N78-24897 
the optimal selection of track components and to eva luate
the structural performance of existing track components in
a given loading environment. The criterion for acceptable

Key Words: Fans , Acoustic properties track design is that the strength of she track structure on a
fatigue basis not be exceeded and the Miner ’s rule is used.

Inlet noise and aerodynamic performanc e are presented for The charts are based on arbitrarily chosen wheel-rail load
a high tip speed fan designed with rot or blade leading edge magnitudes. For vertical wheel-rail loading, the loading con-
sweep th at gives a subsonic component of inlet Mach number figuration consists of eight whee l l oads and corresponds so
normal to the edge at all radii. The intent of the design was that of two adjacent truc ks of two coupled 100 ton (90,720
to minimize the generation of rotor leading edge shock waves kg) cars. For lateral wheel’rail loading, a single lateral load
thereby minimizing multiple pure tone noise, Sound power appiied so the base of one rail is used.
level and spectral co mparisons are made w ith several high-
speed fans of conventional design.

79.172

~ 9 ~~~~~ 

High-Speed Ground Transport — A Stochastic Model
- 

, . , - , of Track Roughness and Misalignmeifl
An Investigation into Steam Hammer ~ oise Using

- L A Balzer
Scale Models and Ois-Line Computer I’ac,l,tjes The New South Wales Inst. of Tech ., J. Mech. Engr.
G , J . McNulty and J.C. Charm nan Scm ., 20 (3), pp 143-148 (June 1978) 3 figs , 16 refs
Shet teld City Polytechnic . Noise Control V ib —

Isolation , 9 (7), pp 285-291 (Aug/Sept 1978) 17
— Key Words: High speed transportation systems , Track

igs , o re S roughness, Alignment . Mathematical models. Stochastic
processes

Key Words: Steam hammer , Noise generation, Model testing,
Scaling, Computer-aided techniques One of the significant disturbances to a tracked hovercra ft

or any other high-speed ground transport vehicle is the
This work details an invest igation into the noise and vibra ’ roughness of the guideway surface together with misa ligri-

tion characteristics of a stea m hammer using a 1/ 1 2th sca led mens of the guideway structure itself, Existing methods
engineering working model, The work was initiated wish a of describing this roughness and misalignment are reviewed
view to locating the main sources of noise radiation , cor- and their shortcomings noted. A description is proposed

relating she parameters of force against sound pressure and which is valid in both statistical and wavelength-amplitude
comparing this with previous work done on full scale ham- domains , Numerical data from the Tracked Hovercraft Ltd
mers. This research project provided viable results which test track at Earith are analyzed and a mathematical model
correiated accuratel y with the noise-producing characteri stic proposed for a typical commercial H.S.G.T. guideway . A

of a full scale model. method of computer generation of typical roughness profiles
is discussed.

RAIL
79-173
A Mathematical-Compute r Simulation of the Dy-

79-17) nasnics of a Freight Element in a Railroad Freight
Track Structure Design Using Mathematical Models Car
W So K .L. Shum and T . Willis

Research and Test. Dept ., Association of American Dept . of Mech ., Mechanical and Aerospace Engrg.,
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Illinoi s Inst. of Tech - Chicago . IL , Rept. No. lIT 79-175
T RANS 75-2 , FRA/ORD-77/28 , 127 pp (July 1977) Simplified Derivat ion of the Reaction-T ime History
PB 282 308/6GA in Aircraft Impact on a Nuclear Power Plant

L Y. Bahar and J.S. Rice
Key Words: Freight cars , Railroad transportation , Methe- Dept of Mech. Engrg. and Mechanics , Drexel Univ .,
matical models Philadelphia , PA 19104 , Nucl . Engr . Des., 49 (3),

- , pp 263 268 (Sept 1968) 3 figs , 11 refs
This research studies the dynamic res ponse of a fre ight ele-
ment , inside a typical freight box car under service condi-
tions , by a computer-model simulation technique . A 27 Key Words: Nuclear power plants , Shoc k response , Aircraft
degree of freedom mathematical model has been devel oped
so represent the freight car , truck and freight elemen t , w ith A simplified derivation of the reaction-time history in she
the car body as a single rigid mass. This model has been case of an aircraft impacting a nuclear power plant is given.
validated against published railroad research data. This The equation of motion for the rigid part of the aircraft is
model is a more detailed one than most previously publish ed obtained by considering it as a variable system of particles
simulations, and has additional characteristics. One is the losing mass. The equation of motion for the crushing region
option of modeling dry friction dampers by either Coulomb 5 obtained by the methods of continuum mechanics.
friction or equivalent viscous damping. A second improve-
ment is the facility to express the res ponse of the system in
either time or frequency domain. The computer simulation
shows that the critical roll mod r speed of a repre sentative
70-ton box car is around 17.5 mph. The maximum car body 79 1 76
roll angle is 11 .4 degrees peak t o pea k , the maximum wheel Dynamic Response of Nuclear Power Plant Due to
load is 69,000 lb/wheel , and wheel lift durations are 0.2 - Earthquake and Aircraft Impact Including Effect

- of Soil-Structure Interaction
K M . Ahmed and AS. Ranshi
Water Reactor Div., Nuclear Power Co. (Risley),
Ltd. , Risley . Warr mngton WA3 6BZ , UK , J. Sound

79474 Vib. , 59 (3), pp 423-440 (Aug 8, 1978) 14 figs ,
On the Effects of Inertia and Damping Factors of 5 tables , 15 ref s
the Mechanical Guidance Upon the Running Stability
of a Guided Vehic le Key Words: Nuciear power plants , Earthquake response.
M Matsui , M ‘y’amanouchi , T . Mmnami , and M . Aircraft response, Finite element technique, Modal analysis,
Watanabe Interaction: soil-structure
Advanced Design Dept , Toyo Koqyo Co ., Ltd.,
Bull. JSME . 21 (158), Pt) 1250-1257 (Aug 1978) A comparison is made of the dynamic response of a typical

— . nuclear power plant to a modest earth quake (Par kf ield ) and
12 figs , 3 ref s to the impact of a small military airc raft (MR CA) and a

large civil aircraft (Boeing 707-320). Finite element and
Key Words: Automated transportation , Controi equipment , modal superposition techniques are used to o btain the time-
lnerti ~l forces , Damping coefficients , Stability histo ry res ponse and the corre sponding floor res ponse

spectra. The effect of soil-structure interacti on is examined
To investig ate the behavior of a running vehicle w ith auto- by varying the soil stiffness and damping over a range defined
motive tires on the guideway, a simulation mode l is devel o p- by soil shear wave velocities of 500 to 2000 rn/second.
ad with a three dimensional model of the veh icle body and A limited study is also carried out to assess th e effect of
the guide mechanism with the inertia and dash-pots. The embedment and foundation raft geometry on the seismic
model is successfully compared with the experimental res ponse of the structure.
data of a test vehicle which was ar m automotive truck with
the mechanical guidance. A characteristic equation is derived
which is to be examined to explain the ef fects of the dy-
rmam ica( parameters of she guide mechanism such as inertia
and damping factors on the running stability of the vehicle . RECIPROCATING MACHINE

( See Nu t: il

R EACTO RS ROAD
lAlso see No. 1 431 (Also som Nos . 12 1136, 162)
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79.177 Key Words: Automobiles. Ground vehicles, Drive shafts ,
Comparison of Methods for the Measurement of Torsional vibration
Wheel L oad V ariations (Vergkich von Verfahreis

An investigation of torsional vibrations of a vehicle drivelinem r  M~~~ing von Radlastschwankungen) 
as a Unit ~S considered . The first part is a theoretical discus.

V Gersbach , I Schinid , and W . Rasch Sion of natural frequencies and vibration exciting elements.
Am Hang 21 , 8081 Eching a.A. , Autornobiltech . Z .,
80 (7/8) , pp 353~356 (July/Auy 1978) 6 tigs , 1 table ,
12 refs

79 180(In German)
Vehicle Response to Stochastic Roadwa ys
D .C. KarnoppKey Words: Automobiles, Wheels, Dynamic tests
Dept. of Mech . Engrg., Univ . of California , Davis ,

The wheel toad and its variations are valuable data in the CA 95616, Vehicle Syst . Dyn . , 7 (2) , pp 97-1 09
determination of vehicle loads, especially in the design of (Apr 1978) 2 figs, 6 refs
axles and construction of roads. In addition, it is a measure
of road contact and thus a safety measure. Presently there Key Words: Road roughness, Vehicle responseare no procedures available for measuring the dynamic
wheel load directly on the vehicle during the ride. The paper 

Dynamic response calculations for vehicles traversing ir-describes a procedure for taking auxiliary data from which
regular surfaces are usually accomplished using frequencydynamic wheel data is derived . The procedure illustrates 
domain methods involving spectral densities and transferthe shortcomings of the measurement techniques. functions Here an alternative procedure is developed which
allows direct computati3n of mean square values and correla-
tions of system variables for both transient and steady-state
conditions. The method is based upon the differential equa-
tion for the covariance matrix which is directly related to the79- 178 State equations for the vehicle. Multiple white noise inputs

Reduction of Steering Wheel “Shimmy” (Unter- can be incorporated as well as inputs at two wheels which
ssschun g zur Reduzierung der Lenkungsunruhe) follow the same track at a distance from one another. The
G Dodlbacher and H Gaf fke method is suitable for computer implementation without
Fasanenweg 4, 5024 Pulheim , Automobiltech . z ., the complex algebra associated with finding all necessary

transfer functions and the necessity of evaluating integrals80 (7/8), pp 317-322 (July/Aug 1978) 14 figs , 3 refs in order to find mean square values using the conventional
(In German) approach. As an illustration, a simple vehicle model is worked

out completely and the variation of pitch and heave motion
Key Words: Wheel shimmy. Automobiles, Vibration control as a function of vehicle speed is plotted.

A computer program for the determination of all parameters
which influence the steering wheel shimmy was developed.

79-181The knowledge of all axial parameters, at least in the research
phase, enabled the building of a lOw sensitivity front axle. Meas urement of Two Track Road Inputs and Theore-
The results obtain.d by computer were verified by experi- tical Application of the Results (Messungen von
ment and the improvement in an actual vehicle was con- Fahrb ahn-Unebenh eiten paralleler Fahrspuren undfirmed by subfective evaluation. 

Anwendung der Ergeb nisae)
V. Bormann
Institut f . Fahrzeugtechnik , Technische Universit ’àt
Braunschweig, Vehicle Syst . Dyn., 7 (2), pp 65-8179-179 (Apr 1978) 8 figs , 1 tableInvest igation of Torsional Vibrations on Commercial ( )
~ ~~~~~~Vehicles - Part 1 (Torsionsschwingungsssntersuchun.

gen bei Nutzfahrzeugen) Key Words: Road roughness, Experimental data. VehicleL . Lauster and W . Maier response
Sp ieqelberq 5 , 7759 Immenstaad , Germany , Auto-
inobilte .h . L, 80 (7 /8) , pp 359-365 (July /Aug The calculation of vehicle response to road-surface irregular-
1978) 12 f q~, 17 r”f s ify inputs requires the spectral densities of the left and righ t

longitudinal track and their statistical dependence. This( In Gernian~ paper presents some results of parallel profile measurements,
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thre, typical German roads have been chosen. Random the torsional st iffne ss of the blade assembly as well as the
vibration of two vehicl, types are digital-simulated. blade chordwiaa center-o f -gravity location can be varied

during the various phaies of the test.  Wind tunnel testing
incorporates the variation of wind tunnel speed and the
application of variable frequency, sinusoidal waveform gusts.

ROTORS The flap, lag, and torsional response of the rotor in its various
configurations was measured arid compared with theoretical
prethcf tons.

79-182
Transient Dynamics of a Fleisi ble Rotor with Squeeze
Film Dampers SHIP
D F Buono , I I) Schlit .‘t ’ r , H G Hall , Ill , and D.H.
Hibnr’r
United technologies (..orp . Prat t & Whit ney Air 79—184
t r ~ It , I ,ist Il,Irttt )td , CI 06108, Rept No NASA Some New A spects of Slamming Probability Theory
CR 3050, 83 pp (Sept 1978) H N Psa r~ t t is

Dept ol O can I nqrg , Massachusetts Inst of I i’i h
Key Words: Flexible rotors, Blade loss dynamics, Transient Cambiidqc , MA , .1 Ship Res , 22 (3) , pp 186 192
response, Squeeze-film dampers (Sept 1978) 4 f igs , 15 rets

This report contains the results of an experimental and analy-
tical investigation of the transient response of a flexible Key Words: Ships. Slamming, Probability theory
rotor with squeeze fi lm dampers. The experimental part of
the program consisted of a series of simulated blade lost A systematic investigation of some probabilistic aspects of

slamming is presented . This investigation includes the assess-tests on a test rotor designed to operate above its second
bending critical speed. The analytical part of the program ment of the unconditional probability of slamming at a ran-

dom instant of time; the estimation of the conditionalcomprised a series of analyses which predicted the transient
behavior of the test rig for each of the blade toss tests. The probability of slamming at a given instant etter a particular
scope of the program included the investigation of transient slam , and the consequent relection of the hypothesis that
rotor dynamics of a flexible rotor system, similar to modern slamming is a Poisson process . In addition, a procedure to

flexible jet engine rotors , both with and without squeeze approximate the distribution of slamming interarrival times

film dampers. The retulls substantiate the effectiveness of is presented. Finally, new slamming statist ics , obtainable

squeeze film dampers end document the ability of available from the theory of this wo,k , are presented and compared
with the existing slamming criteria. The theory of ‘hisanalytical methods to predict their effectiveness end be-

havior paper can be readily applied to other sitdlsessping events
such as dec k wetness, keel emergence, and propeller racine

I 79.183

Ilingcletrs h elicopter Rotor s A Note on the Form of Sh~ Roll I).mp ing
.1 F Dal/ell

Fxpcnmetst al Investi gation of (,ual Response of 79-185

C A Veblow
I )av idSon I ,ih . , Sli’vi is lost I I ci h . Hobuk en, N .I ,I )i’~ it . it Arronai s t ir s id Ast r t usai it ~ M,tssa i Ii
.1. Ship Res , 22 (3), pp 178 165 (Sept 1978) (-1 li~s .‘I Is I list of ri’s h . , Cambr idqe , MA , 1 05 çip (.1 i artt ’

1977 1 1 table , ,’,~ els

AD A054 Th2/ IGA
Key Words: Ships, Ship rolling

Key Word s: Helicopter rotors , Wind-induced excitation.
Wind tunnel teo~ The oblective of the present Work was to develop an approxi-

iriaiion to the convent ional mixed lini’ai-ptus.quadratir
l’h,’ response to wind gusts of 1 tfl0-scale hingelisss heli’ ship roll damping model so that analytical obstacles could
copter rotor model in hovering rind forward flight is studied he overcome in the application ol the functional series
experimentally through wind tunnel reeling. The exp eri- expansion to nonliriear ship rolling. A mixed linear-plus.
mental program involving design, construction, and testing cubic approximation was found to be reasonable for this
of a f ive-foo t -diameter rotor utilizing either three NACA purpose . In t he course of anal yses , there were indications
0017 planform blades or one operable blade with two that this model may be closer to an “equivalent approach”
dummy blades is described . The rotor design is such thai than to an “approximation”.
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79- 186 Captive Flight Vibration Measurement Program. In these
Nonlinear Resonant Excitation of a Lotig and Narro w programs the PHOENIX 1.201 Environmental Measurements

Missile were used. This same missile was sub)ected to captive
flight simulation using the dual shaker vibration and acous-

S R Rogers and C.C Mci sical vibration,
Dept of Aptil Matherisat cs , Wei,rriann lust. of
Si iiiiii e . k,,ii ’ I J F 1us d Mccli ., 88 (1 ) ,  pp 161 180
( Sept I .~~. 1978) f igs , 2 tables , 23 rets  794~~

A Mathematical Method for Detennining a Labora-
Key Words: Harbors , Water waves . Resonant response tory Simulation of the Captive’Ilight Vibrat ional

Env ironment
A nonlinear study of harbor resonance is carried out for -

a rectangular bay indented from a straight coast. Boussinesq iJ en

equations with nonlinearity and dispersion are used. Sim- Pacific Missile Test Center , Point Mugu. CA , Shock
plifying approximations are made for a narrow bay to do- Vib Bull., U.S. Naval Res. Lab., Proc., Vol . 48,
couple the nonlinear problem in the bay from the approxi- Pt. 4 , pp 1-4 (Sept 1978) 2 figs , 3 tables , 4 refs
mately linear problem in the ocean. Harmonic generation
in the bay is studied numerically. Experiments for three
different bay lengths and three amplitud es are compared Key Words: Missiles , Flig ht simulation, Vibrat ion response

with the numerical theory . The relative importance of
entrance lots and boundary-layer dissipation to nonlinearity The capt ive-flig ht vibrational environment of a missile can

is estimated, be simulated by laboratory induced vibration. The captive-
flight vibration levels can be shown to be directly propor-
tional to the dynamic pressure (q) levels. Typically, the
captive-flight conditions, combinations of mach number

SPACECRAFT and altitude, can be summarized as a discrete function of

lAlso see No 125) time over t he entire range of q levels. This paper describes
a method for selecting a small number of discrete q levels
and associated test t ime at each level which represents the
given captive-flight conditions.

79- 187
Acosiatics or Shakers for Simulation of Captive Flight
Vib ration 79-189
A M Spandr io and M F Burke Turbuknt -Boun dary-Layer Excitat ion and Response.
Pacif it: Missile Test Cen ter , Point Mugsi , CA , Shock Thereto for a High-Perfonnance Conical Vehick
Vib. Bull , U.S. Naval Res. L3b., Proi., Vol 48, C.M. Ailman
Pt 4 , PP b 14 (Sept 1978) 11 figs McDonnell Douglas Ast ro Corp., Los Angeles, CA ,

Shock Vib. Bull., U.S Nava l Res. Lab ., Proc . Vol.
Key Words: Missiles, Flight simulation, Vibration response 48 , Pt. 4 . PP 159169 (Sept 1978) 10 figs , 1 table ,

9 rots
Laboratory simul ation of the failure producing vibration
loads to which air-launched missiles are exposed in the cap-
tive flight environment has become an important cost ef- Key Words: Reentry vehicles, Conical shells, Beams, Vibr a-
fect ive test method , For the test to be valid, simulation of hon response

the failure rate and types of failures produced must be the
same as those produced in captive flight. This paper corn- Ground and flight test data from a high-performance maneu-
pares two methods that are currently being used to simulate verable vehicle called ACE suggest several revisions to the
the captive flight vibration toads the PHOENIX missile empiricitms used to develop dynamic environmental criteria
exper iences on the F f 4  aircraft. A dual shaker vibration for RV’ s, Part I of this paper includes a compiled data bank
facility was developed for captive flight simulation as part for describing the fluctuating pressures that force the shell
of the PHOENIX GLAT progr am. Captive flight simulation of a non-maneuvering RV to vibrate during reentry, end a
using acoustical excitation will be used as part of the PHOE- discussio n on the use of a local aerodynamic parameter
NIX Logistics Engineering Improvement Program (LE IP) . values f or the cone when predicting these pressures, and a
PHOENIX captive flig ht vibration response was discussed description of the characteristics of shell-mode vibration
in terms of direction, spat ial and spectral distribution, and peculiar to a conical structure w ith a multilayered skin,
then compared to the missile vibration response achieved Part II reports flight data from such a structure when maneu-
in t he laboratory by the two aforementioned methods. verin g as a result of flow disturbance at the aft end . The
Missile captive flig ht data was obtained from the PHOENIX beam response is analytically examined as to its probable
T-I IF-14A Flight Test Program and the PHOENIX/ F-14 cause.
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79-190 Key Words; Space shuttle s , Acoustic excitation , Corn-
Use of Shock Spectra to Evaluate Jitt er of a Fk~ bk bust ion ex citation

Maneuvering Spacecr*ft Th, Space Shuttle vehicle was analyzed to determine struc-
W J Kacena tural response to possible acoustic combustion instabilit y
Martin Marietta Cort , Denver , CO. Shock V ib Bull . in the tolid rocket boosters. Response of the Space Shuttle
U S Naval Res Lab - Proc , Vol 48, P~ 3, pp 39~47 vehicle to pressure oscillations in the solid rocket boosters
( Sept 1978) 7 figs , 2 tables , 2 rets (SRB’ s) was calculated and expressed in term s of forces arid

displacements at the attach point s b,tween the SRB’s and
the External Tank (ElI . and between the ET and the On-

Key Words: Spacecraft equipment response, Shock response biter. The NASTRAN computer program was used to analyze
spectra various finite element shuttle models, A detailed finite ele-

ment model of th, solid rocket motor (SRM) was construct-
Structural dynam ic analysts are responsible for evaluating ad for use with the cyclic symmetry option in NASTRAN.
the effects of vibration on th, operation of displacement The models were analyzed separately and resultS were corn-
sensitive spacecraft instruments. One example is CO Optical bined to represent the total structure by using a m.ch.nical
pointing instrument that is vibrating because an orbital impedance-type approach Acoust ic analyses were perform’
maneuver has lust been performed . This paper shows that ad at the Naval Weapons Center (NWC( at China Lake,
a residual displacement shock spectrum of the rotational California. The acoustic natural frequencies and mode shapes
acceleration time history defines the vibration modes and the were transmitted to Hercules for use in this analysis
maneuvers which are critical to pointing accuracy. In ad- program. The analysis approach based on using mechanical
dition, several realistic maneuvers are discussed and their impedance methods and the cyclic symmetry option in
effects on vibration are compared. NASTRAN was demonstrated by calculating shuttle struc-

ture response to the f irst longitudinal acoustic mode in the
SR 8’.-

79.191
Transfe r Functio n Applic at ions to Spacecraft Struc-
tural Dynamics 79-193
J A Fowlen and C Dancy Rocket Moto r Response to Transverse 111aM Loading
Hughes Aircraft Co., Fl Segundo, CA , Shock Vib N.? Huf trn gtort , Jr and H L Wisn iewski
Bull - U S Naval Res Lab , Pro ’ , Vol 48 , Pt 1 , U  S. Anmy Ballist ic Res Lab., Aberdeen Proving
pp93 1O 1 (Sept 19781 14 figs , 2 tables , 2 refs Gnound , MD , Shock Vib Bull , U S Naval Res.

Lab ., Proc , Vol. 48 , Pt. 3, pp 21~32 (Sept 1978)
Key Words: Spacecraft , Fast Fourier transfor ms, Modal 16 figs , 2 tables . 5 ref s
analysis

Fast Fourier transform computed transfer functions are ~~~ 
Key Words: Solid propellant rocket motors , Air blast .

for several spacecraft applications. An Intelsat IVA space Blast response, Computer programs
craft was tested using several excitations and the resulting
transfer functions are compared using modal frequencies The effects of propellant inertia and of internal pressurize-
and damping. An example of mats end stiffness compute- non on the structural response of solid propellant rocket
tiont from transfer functions is presented . Use of alternative motors .ub~ected to transverse air blast loading have bean
reference points f or the transfer functions is presented. An investigated, both analytically and numerically. The numeri-
example of the use of slight changes in transfer functions to Cal predictions were accomplished using the BRL versio n
detect failures is shown, of the PETROS 3.5 computer program, which employs

the finite difference method to solve the equations governing
finite amplitude elestoptastic response of thin shells. The
response of a typicat rocket motor configuration was cal-
culated f or the limiting situations of the bare motor case

79492 and of the motor case containing the complete propellant
Calculation of Attach Point Loads Due to Possible grain, each with no internal pressurization and with the
Combuidion Instability in the Space Shuttle Solid pressurization resulting from propellant combustion.
Rocket Hr,otiters
F A . .lensr’ri and D T Wang
Hercules Incorporated , Magna, UT , Shock Vi b.
Roll ., U.S. Naval Ri’s Lab , Proc ., Vol . 48, Pt. 4 ,
pp 171.174 (Sept 1c~78) TRANSMISSIONS
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79- 194 Key Words: Musical instruments, Pipes (tubes ) . Self -excited
Helicopter Tran.nisaion Vibration and Noise Reduc’ vibrations
lion Program. V ohsnse 1. Technical Report

The oscillations of an organ pipe are described in terms ofJ J Sciarra A W Howells J , W Li’nski , Jr A J. a non-linear equatio n of the Hammerstein type Approxim ate
Drago . and F G Schaeffer solutions involving two and three harmonics are used as
Boeing Ver b ) Co , Philadelphia , PA, Rept No. initial approximations for an iterative numerical solution of
D210 11236- 1 . USARTL TR .78 2A , 307 pp (Mar the full integral equation. The approx imate solutions are
1978) shown to satisfy a ‘ regeneration condition” that are then

~~~~
‘ A055 104 ’4GA found to be satisfied by the full numerical solutions, Sam-

pie solutions are obtained for a number of different parame-
ters of the pipe and are found so agree with the qualitative

Key Words: Power transmission systems, Helicopter engines, observations that exist . However, the results are so rich in
Vibration control , No ise reduction, Computer programs predictive detail that available data are inadequate to test

in detail the model used in these calculations.
The oblective of the helicopter tran sm iss ion vibr ation noise
reduct ion program was to generate analytical toot s for the
prediction and reduction of helicopter transmission vibra-
tion/noise th at provide the capability to perform trade
studies during the design stage of a program. Application
of this optimization capability yields drive train components The Analyáa of Multiple Resonance in a Vibrating
that are dynamically quiet with reduced vibration /noise Mechanical System by the tier of the l’lectrical
levels and inherently longer life. Trananiesion Line Analogy

A J. Clarke
Dept. of Electronic and Electrical Engrg - Loughbor-

79-195 ough Univ of Tech ., Loughborough, Leicestershire .
A Semi-Ana lyt ic Approac h to the Dynamic Simu la- UK , Acustica , 40 (1),  pp 34~39 (Apr 1978) 4 fi gs ,
lion of Shaft Coupled Power Tranamiaáon Syst ems 5 ref s
D F Bowns and S A Huckvale
School of Engrq , Fluid Power Centre , Univ . of Bath , Key Words: Mechanical systems. Strings, Plates . Musical
Instn Mech Engr . Proc., 192 , pp 125-133 (June instruments , Multiple resonance , Resonant frequency
1978) 7 figs , 5 ref s The use of analogies from electrical circuit theory often

provides a powerful method of analyzi ng vibrating mechani-
Key Words: Power transmission systems, Mathematical cal system.- In th, present case a structure is considered
models consisting of a stretched string vibrating in its lowest mode,

and terminated in a plate having one predominant mode of
In simul ating complex power transm ission systems it is an resonanc , at a frequency near to that of the string. In its
advantage to employ separately developed sub-models of electrical form the st ructure consi sts of a tran sm ission line
the various components. There are , ho wever , melon difficul- section terminated in a series tuned circuit, and the analy-
tics in assembling such modets into a complete system simu- sit determines the critical valur - I  the paramet ers of such
Iation. This paper discusses the problem and presents the a st ructure in order that muItia~ resonance shall occur, Such
concept of energy storage for linking adjacent sub’modals. a mechanical structure forms the basis of the family of string
It develops the method to deal with systems coupled by musical instruments in which , under certain circumstances
shafts , determined in the present analysis, the phenomenon of

multiple resonance occurs as a practicet problem for the
performer.

USEFUL APPLICATION

79196 79- 198

Self-Sustained Osc il lations of Organ Flue Pipes: An Violin Timbre and Bridge Frequency Response
M Hack lingerIntegral Equat ion Solution

R 1, Schum acher Gauting, Federal Republic of Germany, Acustica,

Dept of Physics , Carnegie-Mellon Univ , Pittsburg h, ,(5), pp 323-330 (Apr 1978) 10 figs , 4 reis
PA 15213, Acust ica , 39 (4) , pp 225-238 (Man 1978) Key Words: Violins, Musical instruments, Frequency re’
11 figs , 1 table , 14 ref s sponse method , Experimental data
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The frequency re~~onw of complete viol ins and of Isolated
bridges h been measured at very small amplitudes by
harmonic •*cit ation of th. damped strings and recording
of lateral bridge top movement. Bridge rs~~onse curves have
been obtained by mounting the bridge on a “mote violin”
where the br idge bess was completely rigid. ft was fou nd
that below 1000 Hz the alastic properties of the bridge hav
little influence on total vibrat l*n whereas between I and
3 lsHz thi bridge exhibits pronounced resonance peals. witfi
a strong influen~~ on v ioli n timbre. The measured decrease
of bridge natural frequency with additional masse, at the
bridge top egress will with theoritical prediction for a simple
maes~gsr1ng.model. By measuring bridge stiffness for the
fundamental vibration mode and bridge frequency response
of diffirent ~ .cimens, correlations have bun established
between the geometric and elastic properties of the bridge
and their influence on violin timbre. The results have been
eppli.d to a large number of Instruments with consistent
results of v iolin t imbr, changes.
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(412) 256 5640) Day ton . 011 (ASME Hg.)

30-May 3 1979 Offshore Technology Conference, (ASMI
Astrohisli . Houston . TX fASME Hg.) NOVEMB E R 1979

4-6 Diesel and Gas Engine Power Technical Confer.
MAY 1979 once, San Anton io , TX (ASME Hq.)

7-10 Design Engineering Conference & Show. (ASMI) 5-8 Truck Meeting, ISAEI Marriott , Ft. Wayne. IN
McCormick Place . Chicaqo , IL (ASMEHq.) (SAt Meeting Dept., 400 Commonwealth 0.’.,

Warrendale, PA 150%)
20-25 Spring Meeting and Exposition, ISESA) San

Francisco , CA (SESA. 21 Bridge Syu.re. P.O. Box 26-30 Acoustica l Society of Amer ice, Fall Meeting,
271, Ssugat uck Sra., Westport , CT 06880 Tel. (ASA I Salt Lake City .  UT (ASA Hg.)
(203) 227.0829)

DECEMBER 1979
J UNE 1979

2.7 Winter Annual Meeting, IASM[ I Stat ler I4,it~ n,
12-16 Acoustical Society of America, Spring Meeting, New York . NY (ASME Hg.)

IASAI Carnbridqe . MA (ASA Hg.)

18-20 Applied Mechanics , Fluid Engineering and Bio-
engineering Confe rence, (ASME CSMEI Niagra
Hilton Hotel . Niaqra I ails , NY ~ASME Hg.)

J ULY 1979

9-13 5th World Congress on the Theory of Machines
and Mechanisms, IASMf I Montreal , Oijgbec,
Canada (ASME Hg. )
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CALENDA R ACRONYM DEFINITIONS AND ADDRESSES OF SOCIETY HEADQUARTERS

AFIPS American Federation of Information ICF: International Congress on Fracture
P r r i r i ’ s s ~r v l  Societies Tohok u Univ.
210 Summit Ave., Monivale , NJ 07645 Sendai . Japan

AGMA American Gear Manufacturers Associat ion IEEE: Institute of Electrical and Electronics Engineers
1330 Mats Ave., N.W. 345 E. 47th St .
Washin gton . DC. New York , NY 10017

AHS American Helicopter Society IFS In sti tute of Environmental Sciences
1325 18 St. NW . 940 E. Northwest Highway
Was hington . D.C. 20036 Mt. Prospect . IL 60056

AIAA American Iritlitute of Aeronautics and IFToMM International Federation for Theory of
Aslrrr n~iut,cs 1290 Sixth Ave. Machines and Mechanisms, U.S. Council for
New York , NY 10019 TMM , d o  Univ . Mass., Dept . ME

Amherst , MA 01002
AIChE Amer ican Institute of Chemical Engineers

345 ~ 47th St. INCE; Institute of Noise Control Engineering
New York . NY 1001 7 P.O. Box 3206, Arlington Branch

Pouqhkeepsie . NY 12603
AREA American Railway Engineering Association

59 l~ Van Buren St. ISA; Instrument Society of America
Chicago , IL 60605 400 Stanwix St.

Pittsburgh , PA 15222
AHS American Helicopter Society

30 E . 42nd St . ONA ; Office of Naval Research
Nvw Yo rk , NY 10017 Code 40084, Dept. Navy

Arlington , VA 22217
ARPA Advanced Research Prolects Agency

SAE’ Society of Automotive Engineers
ASA Acoustical Society of America 400 Commonwealth Drive

335 E , 45th St Warrendale , PA 15096
New York , NY 10017

SEE; Society of Environmental Engineers
ASCE American Society of Civil Engineers 6 Cor.duit St.

345 E. 45th St. London W i R 9TG , UK
New York , NY 10017

SESA Society for Experimental Stress Anal ysis
ASME American Society of Mechanical Engineers 21 Bridge Sq.

345 E. 45th St. Westport , CT 06880
New York , NY 10017

SNAME . Society of Naval Archi tects and Marine
ASNT American Society for Nondestructiv e Testing Engineers , 74 Trinity P1.

914 Chicago Ave New York , NY 10006
Evanston , IL 60202

SPE Society of Petroleum Engineers
ASOC American Society for Ouality Control 6200 N. Central Expressway

161 W. Wisconsin Ave. Dallas , TX 75206
Milwaukee , WI 53203

SVIC; Shock and Vibration Information Center
ASTM American Society for Testing and Materials Naval Research Lab.. Code 8404

1916 Race St. Washington , D.C. 20375
Philadelphia, PA 19103

URSI-IJSNC: International Union of Radio Science . US
CCCAM Chairman, d o  Dept. ME , Univ. Toronto , National Committee d o  MIT Lincoln Lab,,

Toronto 5, Ontario . Canada Lexington , MA 02173
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PUBLICATIONS AVAILABLE FROM
THE SHOCK AND VIBRATION IN FORMATION CENTER

Code 8404, Naval Research Laboratory, Washington, D.C. 20375

PRICES
Effective - 1 Nov. 1978

U.S. FOREIGN

SHOCK AND VIBRATION DIGEST
SVD-1 1 (Jan. ’ Dec. 1979) $100.00 $125.00

SHOCK AND VIBRATION BULLETINS
SVB-4 7 $ 30.00 $ 37.50
SVB-4 8 60 00 75,00

SHOCK AND VIBRATION MONOGRAPHS
SVM-2, Theory and Practice of Cushion Design S 10.00 $ 12.50
SVM-4, Dynamics of Rotating Shafts 10.00 12,50
SVM-5. Principles and Techniques of Shock Data Analysis 10.00 12.50
SVM-6, Optimum Shock and Vibration Isolation 10.00 12.50
SVM-7 , Influence of Damping in Vibration Isolation 15,00 18.75
SVM- 8, Selection and Performance of Vibration Tests 15.00 18.75
SVM-9, Equivalence Techniques for Vibration Testing 15.00 18.75
SVM-10, Shock and Vibration Computer Programs 25.00 31 .25

SPECIAL PUBLICATION
An International Survey of Shock and Vibration Technology 60.00 75.00

To order any publication, simply check the line corresponding to that publication that appears below, and mail
the postage free card. You will be invoiced at the time of shipment.

Please send the following publication(s) to me:

Name

Address

Mail invoice to: (if other than above)
— SVD-11 — SVM-6

SVB.47 SVM.7
— SVB 48 SVM.8

— -——- SVM-2 — SVM- 9
.. SVM-4 SvM .1o

- - -— --
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International Survey 
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