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DIRECTO R NOTES

On previous occasions I have discussed informat ion centers and sort ie of the fa .tor ’,
that contribute to the effectiv enes s of their operation . This month I would like to
point out that an infor m ation center manager m ust always keep in mind the char-
acter and composition of his user population . Like most centers , SVIC operates
on a homogeneous level , that is , the users are themselves generators of technical
information Furthermore , there is a significant differen tiation among groups
with in the user community. To be m ost useful the collection of technica l informa-
tion must be analy?ed and disseminated in a way that is understandable by and
applicable to the needs of each of these groups.

SVIC users cover a wide range -- from “pure” research scientists to applied analysts ,
design and test engineers . Those in the forefront of basic research usually need less
assistance than the exper imentalists or design engineers . This latter group includes
all the “prolect ” types who must move rapidly from one problem to another with-
out the luxury of being able to develop their own back ground information for the
problem at hand. Neither do they have the time to understand fully how a given
m ethod or technique was developed; yet they must be sure that their approach to
the problem uses the best techni que available at that time. This is not to imply that
these are not innovative people , for this type of problem solving involves creativity
at its best . It is to this group, however , that an information center should be of
greatest service .

There is a noticeable lack of comprehensive “appl ications ” information in a form
that is easily collectable . If one examines this DIGEST , for example , he will note
that most review articles are from academic sources. The reason for this is the same
“time factor ” mentioned in the previous paragraph . We must encourage design and
test engineers to document the new methods developed to solve their special
problems and to participate in the review process that will significantly help their
colleagues .

H.C.P.
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EDITORS RATTLE SPACE

AMERICA ’S VOLUNTARY STA~~I)ARD S SYSTEM

America ’s voluntary standards system could be in for drastic changes in the near
f i iturp The American National Standards Institute (ANS I), a nonprofit corporation
founded in 1918 , believes that the proposed federal “Voluntary Standards and
Act: redit it ion Act of 1977” (S.825) would decim ate the ranks of voluntary partici-
pants who develop national standards. My continuing interest in national and inter-
national standards prompts me to review this important issue.

The enactment of S.825 would change the process of standards development , and it
is not yet clear to me whether federal coordination and promulgation will enhance
or det ract from current standards activit y. In my opinion , the most important
question is whether or not currently active volunteers will be interested in working
for a government regulated standards activit y. The strength of the existing U.S.
standards system lies in the thousands of technical people who have willingly given
their time free-of-charge for standards work . This important work has thus been
carr ied Out without cost by eminently qualified technical people.

The U.S. Congre~s was motivated to introduce legislation that would place U.S.
standards activity under federal control as a result of several instances in whiei’m the
current system was misused. However , in view of the fact that 25,000 standards
have been developed through ANS I , which has minimal resources for management
and control , the overall record is a good one . In my opinion, the number of cases of

abuse will not decrease because the federal government decrees the formation of
still another bureaucracy .

The voluntary standards system does not need regulation and control; rather it
needs resources to carry out the peripheral work that a volunteer-based system
cannot provide . Volunteer standards activity has often progressed slowly because
funds are not available for editing, typing, and translating. Lack of travel funds is
also a problem . F unds for peripheral work would make the volunteer system more
i t f i c ie nt  and increase the number of standards developed .

If the proposed federally-controlled system can be conducted with minimum
regulation -- that is , if the system can continue to operate through technical organi-
/at ions in the provate sector with funds provided for publication and trave l -- I
believe S.825 will work . If the federal program is replete with red tape , it will not
work , and the voluntary standards work force will be no more, If this happens,
the U.S. standards program will he less effective than it is today. The key to a
good standards program is to keep the voluntary technical effort going!

R.L. E .
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TURI I OMAC II I N E RY VIBRATIO N

J.I” . Traex ler

Abstract - This article is concerned with turboma- between cati rlations and te s ts , arid ef for ts were
chinery vibrations, particularly those that occur in m ade to improve the analyse s The ri gid supports
large steam turbines at central stat ion power plants. were replaced by elastic springs with st i f fn ess equ al
Rotor dynamics and blading are reviewed. to that of the oil f i lm in the bearings . In addition ,

f bi’ advent of the h igh~speed dig ita l co mm f i i  it e m ii a le
Interest in the vibration of steam turb ines has been nmore complete analyses possible . Later , it was recog
doe primarily to the fact that 30~ to 90% of the nr,ed that entire syste m s , rather than single spans .
prob lems involve vibrat ion The continuing effort to should be analyzed . Af ter entire systems were stud -
deve lop more power per pound of m eta l and the ed , it became clear that a change in philosophy
extremely high cost associated with forced outages was required .
po int up the importance of preventing vibrations.
The m arked increase in power leve l (see Fig. 1) has Figure 3 illustrates journal response versus the ratio
not , for the most pan, been accompanied by a of natural frequency to running speed . R 1 and R2
corrmspondir ii~ increa se in the size of ste a m im turb ines indicate the rigid support calculations which , of
because of the increase in power developed per course , give natural frequencies or cri t ir .a l speeds ,
pound of metal However , as designs have approached riot resp onse . E 1, E2, and E q show the bearings
the physical l imits of materials , v ibration problems treated as elastic springs and are riot in terms of
have increased. The cost of a one-day outage at a response A 1, A2, arid A 3 are the iu .tua l i ritical
large plant can be as high as half a niill iomi dollars speeds as T reasure d by the peaks in the tested m”-
(see Fig, 21 i early a strong l r mu .er ’,t ive for e l i m i n a t i n g sponse chara cter 5 t h . . It can be seen that c ri t ical
vibration problem s. The first section of this review spe lls basi d on rigid support ca lculat ions can be
deals with rotor dynamics , the second with bladun i ; seriously in p

~ror , that cr itical spe uls calc ilat i’d
assu m ing e lastic supports can Ii’ more ic c i j ram e , and
Ih.it fleit t  er calci ilat run in be used to deter nim ine a

R OTOR Q YNAM I C S ri s;uum ise leve l because dar mmp inq has b~m n m  neg lected

— fhi’ c r i s is if m .orri .ermi ~‘ n rotor  dynar rm mcs i m ri .lud ’ th.’ Figure 4 shows an ari ,ilv~ is if .i c o c r ; l ’ t e  sys tem
prediction amid assessment of i.r i t i c .~ l ~;)eods , both high u messum e turbine . i n m t i b r u i u ’ l i ,ite pressure t u i r l , u ne
lateral and torsional , the prediction and ana lysis m)f low pressure tu l le , mjeu ’ r i t o r  arid ‘~ u fo r As-
v i b ra to ry  r m sp j m ms e levels , and the evaluation il Surf ing elastic s i r p t ’ i r t s  it t h ’  bisin in 22 cr 111 ,j

stabil i ty l i r r u i t s  and the coniseq ieni ’s ijf exu  ‘edir i ; ‘peeds h ’Iw ’ r u  limo i r i u l  h ’  ronnie ;  s ;x ’s I  w i n ’
t heme ( ,ilculati’d With such ,j lar i s ix ’  In umn of naturj l

fre que nv .e’s , tun ing has limited appl u .at si n .

Critical Speeds
Brith i r u e t t  uods II .alcul at iom i arid philosophy of Vibration Resij onse

m o ral c r i t  a speeds have changed in the past 25 A rm’asormahle design r im oe sl ire is to i ‘qu i l l ’  that the
yea rs. In the early 1950s it was comm m nron practii. i’ response if t b ’  ru ler when in ‘ m it r ue is w aP i t i
II) assu r ue rigid supports at th i’ bearings and to tre a t i .  im ptat i l i ’ Ii iunrds . A m u  uto r r oiling smii ut t i l t  at
o n e  span it a t i m m u e  m m thin rniodei Ccli ulationis were 3,600 RPM has a double ,inn plit uile of w ind at the

;imli ’ graphir al ly or num erically . The oblective of journals ot 2 i ru i l s  or less l ii’ value in a r rm ~mh mrmi ’
c ritical speed dtnt iumrni inat ions was to avoid having a running roughly is 4 mi nIs
runn in g  speed at a i.r itic al speed . in cr t t i i r words ,
ej . tm span was ‘‘ tuned’’ to d vrmu d .m ’ r t a iu  frequenc ies The change in des ign ~ihi lnsophy w ith  n i janml to
It was reci ijniiz ed that lamp’ div repan ins existed lateral vibration if r mi t ( mr  s h~s thus involved a sw it Ii

•Wi-msrin ~house Electr~ Corporati n , Steam Turbine Div
i.’~t.’r Hran.. h , PPiilaijelphia, PA t9 1 13
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Figure 2. Cost of One Day Outage
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R — Rig id Bearing Undamped Lateral Natural Frequencies
E = Uridamped Lateral Natural Frequencies Including Bearing arid Pedestal Flex i bi l itie s
A Unbalance Respon se Including Bearing and Pedesta l Flexibili ty and Damping

Figure 3. Single-Span Lateral Criti cal Speeds
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Figure 4. Multi-Span Critical Speeds

front tuning to response. At present , a simulation Stability
till t mi iqu ’ is i’.,&’ u.l for calculations , and rotor desi gns With regard to stability in rotor dynamics, the de-
a r m ,j u ‘ t uned or rejected on the basis of the response signer is concerned with predicting the stability
at t h ’  j ournals as a functi on of running speed. Figure threshold and with evaluating the consequences of
5 illustrates the acceptance criterion . Journal arnp l i- operating in the unstable region . He is specifically
tudi’ is used only as an index , the exact failure rrmode concerned with whether or not the instability is
is not yet k nown . In all probability, excessive re- bounded, num er ical ti m e marching techniques are
sponse would result in bearing failures or perhaps in generally used in analyse s .
loss of the bearing caps. Fortunately, few such
fai lures have occurred . A great deal of theoretical and exper imem rtal wo rk has

been done for individual bearings and simple two-
In contrast to lateral vibration , torsional natural bearing systems. As in the case of lateral v ibration ,
fr mnq t rm ’ m r m ’ s are tuned to avoid coincidence with the real problem involves multi-span syste m s. Field
n i r n l m m u n ;  speed and known excit ing frequem icies The experience has shown that theoretical predictions for
;iri f i l ’ mn u  in torsional oscillations involves blade/rotor oil whip, which is a type of hydrodynamic bearing
interactions . It is som etimes possible to excite blade instabilit y, generally predict instability before it
bending vibrations with torsional oscillations of the actually occurs. Figure 6 is a stability chart; the
mi r t i r Methods now exist for accurately predicting Sommerfeld number is the abscissa . Thus , although
torsional frequencies of rotors , these mnethods ac- theory correctly predicts trends and overall behavior ,
count for blading. Tuning can be used in design significant discrepancies between theory and actual
because torsional damping is slig ht and relatively few experience do exist .
t orsional natural frequencies exist .

6
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A u 1  t i n  inst, ih i l’t5 t hat h i’ , mi n i i ’ i v ’ u j  n i u lu Ii , r t m , ’ n i t u u  un RI.,A DE ~ IBRA’1’I0~~S
is i i i  iwn ,ms n i t  um whur I F r  urn lii, m m , ’ u , m n i l u  5 ‘ t i m  u I

t I l l  n~ t 1 is s i i nn ilar l u  t Im ‘ i ‘ i n  m u  in ‘ .m . 11  j u t  ii’s ,ml m l  ‘ i  5’ ¶ m u u m u ’  I u in l u  u I m u liii ii ‘my f i l , iu l  ‘‘ m i ’  m l u  ‘ u ‘ 1  ii j u u if

n u i ’ i u t u i m u ’u j .m nu l can ui- t n - h i  w it h ‘, u u , u l , i m  ; u r ~~s u ’  u ‘m i m i f n i ’u i i i n muu i ll ,, u i m l u ’ m s  in n  u l i n s l u l u u ’ I  to ‘,u l mv lvmr

h int ’ s Miiu P ,~~u ii 5 m u b r r ’ l i t ly i u m u u l i ’ m ’ ,s,my l u  v u ’ m  u f y r i ’ s l i m i , j m u in that m nu i;h mt oi’cur . The last rows of nr

I l u  ,m I ‘m u l l ’ t I n s  ui  n u u t u u i  whirl To d~~t i’ , m i ’  turbine li l , iu l i ’ n , a m ’  i ’ i rmn ra l ly lu ’ ’ , u u j m u ’ u I  as lured
i m u i t r i i ’ r n i s  u m i v u r l v u m u r ut ’’ ‘,‘ h u r l  i, ivi’ , n i t I ’ ’ , mu i t l r i m ’ s l u l ~ u lu’’ ,, t i ’  ‘ ‘ m i n i  is tf i ,it  It I u l i ’ ~ ’, i u ,iIl y i i u u us ’ , s i lu le to

lu ll ’ , ’ I um ’i ’i u su i l v’ ’, I l’y  ~i Im u i u i ’ I t u , i m uu l m’ s in sinai ‘ u i ’  l i i i’  l I s t ’s l,i e u  . m u i i u ; Iu in tl u u ’  u h i u u r u l  d i m u i m ’ m u s i u n i

l m ’ ~m r . e n u  ‘s and , i l u u i u m c ’ ’ u u t  (if sOals ui ‘ h i lt s  K ’ u t u u n s  u i  ‘,,, i vuv i ’ u ” ,u , m i , ii u u I ’  (Si ll I 1g. 7 1. ‘F hii .’ ’ ’ u s ’ m ’ Is’ .iv,i ut , ih le

.1 I I ,  u , u m n , t r  u ’ m i a m i  than in t hu past sr i i .i u i l u l  l u l l  tu  u ’ ’ ’ l u ’  vu lunat iu nis 5 ‘ ,b u u u ’ N I i  ~iS ,m fu n  1 1 1 1 1  l u f  .1 Iil)r.
- ‘ I ‘n ‘ ‘ m u ,  i ‘ n ‘ ~m , ,m whirl m m m i  ic , whii 11 is hi ” ’  mu - i ’ m  u r u u j l  t m  I ’  ‘ i f  r i i m r m ’i ni; s i mnuni l
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Figure 7, Harmonic Excitation
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1Pm’ i t i ’ m u m ’ m , i l  t r u ’ r u i i  is Such h i t  I m lunm,  i nmimn r i y is avail- funida iriental ones are t u i m i i ’ u l  in sorm ie , ,ism’s arid not
al, ’ -  i i i  t i l t ’  l iu ~~inr Ir , mrr u uii miii s it which tl’ii~ lonit’ n in others , l a’  blades ,mn i ’ desiqn rm’d so that t h e y  will
F u l , m u l u ” , I u I u . ’r , i t i ’  I u u ; u i n i ’  8 is a ( . , imuuphell  uIi ,mqr ~~l u u  survive mi’SoilIill i i ’ at t f l es ( ’  miiid ins . The bands show n
(a I ‘ l u u l  rd lu l ’ id m’  t n i ’ q i mml mu i  y versus ru n n ing sliced ) for lam each mniode m i ’ su l t  from minor geonm ictr u - variations
t h u . -  r u - .  I t u u  last l’ iW ut ,i 3 ,600-RPM ‘i.e f m i m m i n  II and ;u n i ,c, l uidi n tuning for f ui; fii ’r mnmo des.
can he smm i, mi I f - i t  him ’ t I  ri i lower 1 1 1 1 1 1  h i’s mn n tuned
that is , 1 , - u n  rr ,ituna l f r m n i ; u i m ’ t u i  i t ’ s do not co irm u .iile wit h tJntimned bl~imhins I l m m m u un i’ s e about 80”,, 1 those used

I u , i r m , u u  m l i i  il r i u m i m m i r m u ;  s;ieed Tii’lij ili’s ,mf i i i v i r  h Is ’  three in a stean mi turbine . liii’ 1i’ss m l is t~ is i ’ ii on m ast
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~‘~.;icm i i ’mii e , that such blades are presently am ong steann turbines are som ewhat si m ilar tun ing is used
the roost m i ’ I i ~bti’ corrnponents o h steam turbines to avoid vibrations when possible , otherwise , response
c ; mm ’imks well f i n  t h e  use of these desi gns . Blade vibra- is the criterion . The method used is based on ex~
lion i lnI  ihlm ’ it is .ini’ mnost severe in the last stages of ion ellen and continuously shifts as more data hi’
m o derni turbines , where tma nsonli i  f lows and extre m m i e- com lie available . Statistical procedures based on past
ly high loadings are presen t. Much work is currently experience are used in both rotor dynam ics and
underway in this area , bladinq, Careful , wi.ill.doc imnnented exper imnenta l stud-

es are r i m q uu rm md to c,orniplement the sophistic ated
Blading and rotor dymiar sm mc problerris associated with analytical tools now available ,

LO
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and ur u pi i b l is h im d 1 1 1 1 1  i ’ m ’ ul lnl u S Each , im t i i .Iin also u o m i t , i u r u ’ , .j ‘ loam I t ’ ’ u i a ‘II

I’ll t um ii iniml , m ni r , m u u n m u l m ’ n  discussion , a s u l mv i ’ y  , i numl m’v ,i l lu , i t ion  ui Iii , ’ mli ii l , b ’ ’ n , m n ur m ’

recomnnmuendat iom us . Review a nt i i,Ies s mm e wr i t ten by m n x ; u u ’ m  Is inn t h u ’  ,i, ’ n ,  I mml i v l t l r ,om on

field .
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II . i’m , V ,jrd~

Abstract . This paper is concerned with ,ctrmjctiiral Inn 1 ,, ’ ‘ i - n , u n i l i a ‘‘s’i t u b - i  u i’,’ ’ I~. m - i I ‘ , ‘ , , m l i m ’ , ll t

dynanniC problenns involving buildings. Ground- Ii’ - lu f l u  ii a s  - m ’ , ,’ , ’ , . i~’ ’  I . 1 u l  I ,  ‘ I ’  - I ‘ -  t i m u ’  II,’ - i Iv n I

/,orne disturbances including earrhn~miakes, nuclear 1, 1 , . ’ ’  in I’ ‘ i  I’ , m l  1 ) 111 1 , 1 1 ’ i s  ‘ .‘ ‘ ,‘ m~~1 ’ l . ’ ,, - i

explosions, construction activities and vehicmi/ar ‘ l u l l  1 u l , ’  i t t  i ’ ’ . , , ,  m , I - ,  - I u n  ‘ I l l  I f ,  u n ’  ‘ ,il ut ,  ‘ - ~~ i ’,IS

traffic are discvssed. Air-borne distmirbances including i n h’ ’ ’ I’ - l u n , u u  il n I n i t ‘ u m ’ - - m m ’  ‘ , i , , ,

wind and overpres.sures due to explosions are review- ‘ m u ’ I ‘ n I it - , - ‘c ” h hI) , ‘ i  , II,,’, I ,, , m t /  ‘‘ ii iii ’ , . i i,, I /
ed. Finally, thermal loads are included in the paper. I t i l l ’  ‘ - m m u ’ ’ , i ‘,s i l l i  S.) t n , ’ , n m l u u S  ‘ i m P - u  s r A mu u j n ’  P m

f m ’  I’ ms S I l l ’ -  ~I t h u .  i t  ‘ ‘ r ‘~~m u ’ ’ ’ , ’ , iiill I,,’ n ’ ,.,’, ,il ,ui ri
‘Ifi u~ is I I ,’-  t i t , . t  in d s i - n  t n ,  , , l n u ’ ’ , u i ,W  t n t ’ ,  lus ’ no ‘ t r I l l , t hm ~ l b  ‘ u n - u n ’ ’  in ,v ’ ,l~ ’ -n I , i j tl  ‘ , t n u j ’  m ii ‘ i y r u . i ’ mu i _
I u ,ial l’~ 

I I,i’ r , i i  i ’ u ’  ,b l i nnm is  n v ,  ‘ lv In Ill bunl’ I l l I u ~5 Inn Ii’ ‘n,i ’  c n n  ‘ I I  - 5 , - ‘ i n . ’ - ‘ I I I  I ’ ’ ’, ,‘ “i,’’ , . ’i u l ’. I’ - i l  i/I I u u m i f o r n i  n.j -

i l l  ‘ I ns I t ’ ’  vvu Irli I,, ’  il~J in I ’  I in ncl lI i’ ’s  Il ‘ ‘ ‘ .‘ ‘ , b l u ’  m , n ’ ’ ’ , I l u u n i t I I i  I iS u i  ‘ m’ I ~~~~~ ‘ u ’ , ’ m u  I ‘ ‘‘ ‘~ rIg i ’ m ’  - i ’ m  of
‘l it m n ’  t~ie i i Si l ,ml  ‘ u l r ’ ’  , ‘ n n u  ‘~ f i vi i  ,mnl ij ‘,tr ’ u l .t - ‘ n il II ‘ ‘ ‘ n - n ,  , f , t  u ’ ’ ’ ’ ’ . i t m u l  Ibii ’:r ,, u I , u t L u , n u S

- r I~I ’ I  ‘ “ ‘n ’ , Kini ,e us’ ’ u b is dill I’ ‘ i l l to 115111 ip’

a l ’ ’ ,i’ is Uu, it ,d un ~ ’ ul ’ l be ‘ m I l l , l y n l , m l l l l u  n m n l i those Th u sQ ljnu ‘s i a i m , , -  a t  II”, ~i yn i~i r r u i ’  , , , ir ls t hat i

l i t  In ’ st i le , S ‘ n i l ’  1 ,1  t i m  I j I m  I ’ m ’  s i—n I t ’  u i  m n  t ls~ 0 1 1  l u , ,  h I s s  - in in s unn mn ‘ i i i  ‘i n ’ I ml  F 113a m ’  - 1 , .‘.-~ ‘ ‘‘ I
s m - m u ’ ” ,  r m u l l i b , l  .,,.,. r n ’ n i1 inu ~ m m li”, i ’ , h  10 ‘let i C l,,,ids n i - l u - n ’ , hi) l,iri’i ‘,i ’ ,u ” I  SIn , t u r ns , It i . ,iIi I,,’ r a ’ i - m u f l i t

_ _
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Figure 1. Sources of Dynamic Dist ut bance s for Land-Based Structures
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it  I, II ‘ i l l  II ,,mu hi’ , r u ’  I nut , n i l  I , ‘ n ,  I I n  I n n ’  r ‘ t~ 
- 1,5 n , ,~ st I id 1 , 1 1 ’ ”, Ii in i i  i n ,  t Ij i ’  u ‘,~ i l l  I l l u  n u ’ , m , i -  ‘i., Ii

‘ i ; ’ , t l ; n i , , J m u ’  i’s a ‘ h r  Ill’ ’ ‘ i t ’  I ,i ‘ ‘ , l I I h i ( b ’ l ’ i i  ‘ ‘5 I i’, - 110. ton i, w i l l  1 1 , 1 1 1 ’ ,,’ . m n u ’ l  l i i  nm , ’ ’ o  i’ w i l l  i

l ’ u ’ l t , , i j~ 5 n ’ ’ ,’ ’iv ’ sl Ill, ‘ n , .  ‘ . m ,m t l ’ ’ nnt ion i m i  t in . ’ ‘.1st ; ‘ n ’ , v i ’ i ’  ‘ ‘ti n’ i l l ’ 1  ‘ ‘  . m b ’ ’ t s , , l  A I ’ m- n , q uu i ’ ,ur

I u ‘ m i n I m  ‘ ‘ i i :  ‘n’s ’ , ’ i n i - - , in i i  ‘ i i  “I I l l  1 , 1 ,1 ’  h SI i’ id h -v u ’ h~ i i’  m l , ”,, ’  ii. ‘vu ‘ l ’ i  r u r al’, is m L’~ I I’ -n a’ I’ ‘nst ,jn ‘h i m  i’~ n i l

rn - n u t ’ , Ii, ,l,m,Ji ” ,u’ l  - ‘ ‘ 1 , 1 1 1 1  ‘l i i i ’  ‘ u t h u ’ ’m l ’ n, m , l ’ , u i In I m n ~~’ ‘ mu I l u i n i  ami ‘ I n , , ’  I , i r ~ 
, , l  ‘,‘i , iv ’ ’ n u ,i ’hs t i ’ b , m l . t ’ i r t , i i ’ t - ~ -

‘Ii , ‘ l u  inn Ii ’ ’ b i t  1 1’ ’  , m l l u  b ‘il ‘ ‘ m n  I ‘ I n n , ’ ’  t ‘ ,_ i l l ’ 1  I ’  I ~I~t n I’ ’ . . m ’ , w i~l I m ’ , si ,
i ’ t l v l n n i r l ’ ’ i m ’ n l h , i l  I i ’ I ’ ,~ ‘i’  ‘ l m m ’ ,’, , ’ i n l  In II

un it , n , m i ’  r n i ’ sc i  in’ ’ ’ , in I’ 11 11 ii~ li( i m i i ~ ‘i sill u,i I l ,u l i  fl 11 Ii ’ , m i t ’  un n ‘ ‘ i t  l ’ u n , ’ .il, lu’ ‘,i ,t. u n i i ’u b I,, ly l_ y  ‘ ‘ ‘ ‘ ‘ i ’ ’  1 1 1 m m ’ ;

I, sIns t , i n ’ ”, ,m n i ’  hu i r u  , i n n l i n n l b  l~ u h h lii jbu l i r n u nt i l h i , -  I l , - n t ’ , m n u , , m n l ,  .‘ oh m o , ’ , I t m u ’ j  n , t n ’ , ’  I n’’,; in II ” - si’ ,m

t m ’  ‘n and t I  is m I n i  r i ’ s~i niu i’~ u t i bl i’ I ’’ h I m ’ i lion I rf

I, ,u , i ’ l s  as wi muuh  Smniall ‘ ; m ’  1 1 I 1 5  ui ;teo ;il m in hiu j~1u I h i m ,  u h i r s , ’ j m i ’ ’ m oh a h 0 u u l ’ i l l i I ;  mr uj s t  ,i ’’u I .m l I y  ‘ n - l i ’  ‘ 1’ ,

- t u ’ i , , ’ i u i t i , ’, I and ‘ h ’ v n ’ I l I ; I , n i ’ I  c o u m u l m , n ’ s  ‘1~Il h i ’  0 ma in ’  l u y ,  m l ’ m , r l i i t m ’ ,i -  t , u  ,i niu’ ’ i i ’ ,n ‘if I ’ ,, m ’ hu ’ v; u .li n l l h , I I , , n l S  In , i5

iv  fu is l m l ’ I l l l ’ ‘ r u t  ly nnuanibiIst i,d in ,ih t u  ‘ u r m p ts  I, i i  ‘s In I iy 1 1 1 1 1  i;ilex r im ‘ a ’  ‘‘,s ns n - n ’ n ’ ’ ’ ; ’  n i t  ‘nh  f iy n lii, sim m l t  11mm t j l , i l; r,mn’

l ’ i u l l ’ 1 1 1 1 1 1 i ,  In S’s f l  lvi’s , the primary conl u u rn  if the i f  F l i b l I l l ’  2, i n wliii _ h t im ’ - l u i , m ’ i  is all i l g l u j t  I n , II , ’ ’

I ‘ i n  m m  list hi’ to m r in u n ‘i’ I ,,i.’, ir ibs In) hunmi an i Ii l u . ‘‘b In’ I I , ’ ’  ‘ n - I ’ m -sin , m mii) hI ’ ’ ’ I,’ I ll ’  I n m , ; , II Ii’ ‘i’ll p u i t

n , mI l l , ’ m than to t l n u’ Su’ rv un l e a n l y ,  hut t h u  two lau I n i m s  n i t  I fs ,  s ’in,t i ’r ’I r i r b i t ’ ’ S i ’ ’ 1 t S  ‘,I r ’ l ’  to rah  n . ’ s t , u lnl ’;m’ Cl iun ,j ’ ’—

in ’  l , l s u ’ I y  l, nnl. ’ ’ ’ I  h i m n l ’ ; t l u n s  i t f  I I , .  l y n i , i r ’ u c  ‘ ‘i’l l f l i t  I n n  ii m n ’, ,’ ,I, ir

m I t ’  ‘n ‘‘St mu’ l , j u h , ’ ‘ h u m  py ‘. ‘0  ‘ I ’  ‘oh ,ms i 11,11 ,  1,0m m ‘ml

Th u - ‘,ii ‘ il Ii’ , I ‘ -mu, ‘ mu ; y  c risis s; u~m n I ‘‘ b a dr aml lat ic I t ’  rm r, is i  ‘ In i - p u  ‘ ml “, and ‘ m I l d  1 1 1 , 1  y l ‘ , ‘  ‘ urn  ‘lvi’ lb the
s’i’n I,hsv ,di ’ in t h u  S mn am ’ ’ lu f u r  u i fbs hnr im f b i  m u ’ S u ’ I v i r s , st i l f m , ’ ’ s ’ , , nmnass , and ‘ I~ i’ ’ ’ P  mli i ,,t t l u ’ ’ s’r ‘ i i  tural syst , ’ n n ’
i i , , ’  i - X Pl 0 r , i l lu l l i  (if Ibm; NClrth ~u’a nu vl ’;i Iu’ l I short - ,r, , h u i i .m; n u , m I , u n ; i l  I t ’ ’ ’ m m li es it , ‘ i b i m , , t i u t u  within t im ’ ’
‘ i~ n m u l r mu ;S in our l,mu ow l i nc jm; m ’  of this I , , , ’,t l l e  ‘ ‘ n i V l i , , t l  n , l i u u 1 i ’  il I I I ’ ’ ’ ,’’ _~ u h l i  II, u ’ ’ - , . , ’, I m’mler gy in I t u ’ ’ I n t u it .
‘ ‘ ‘‘ ‘nut it ‘ ,iru be o n p;  ‘1 11 l i t , ib t he probli-nnns of a l , in , ; i ’ str ‘ I ’  l u l l  , m I m ’s;’’ inn ,’’’ , si Ill ‘ I , ‘vi lu ip This ~‘i,l I

‘ i l , l ’ .’/ l l u , b  sv ’un lcl lofll.ihi_J t l l lf l  , m n ’ ’ to ‘ui ’  cc l n i l , i l m n i - lh , I bu i ’  I i’ ’ ’ ’ ’  m m m l  15511 ’ ’  in , t ’ m t ’si’ m ’ vu ’msv i n I i ’  l ’ s t..Im n bn r t u i m i , m l i ’

on - ‘nu l l u , ’ ’  nr, II , j u ’ s l u i m m  ;m -,--/ u u h i ’ n  m m m l i ; ’ ’  of  ly t is r u u u h  ,, i,sth ,I ’ ’ t i  I s ’  t b ’, I l l  ii ,d ‘ ‘ ‘ m u ~ ‘ ‘ m l’. Ii)

DYNAMIC LOA D STRUCTURAL SYSTEM STRUCTURAL RESPONSE
INPUT OUTPUT

ENERGY STIFFNESS
FREQUENCY MASS
PROBAB ILIT Y DAMPING
DURATION PLASTICITY

Figure 2. Factors Influencin g Structural Dynamic R esponses
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m m  ‘w i u l ’- th e ’ i I, ’’,l , inm i’r WIt h Ii’, i’SS,’ mn y (bal m The m u ’  ; u u iwm ’r h~s res ult mnd mn t h i n  rem oval oh so nmue  d~ t~
‘ r a n  u ’ , , , ’ I i v ;  , I i m i l t  st ructur e s Ii, a i n t l  ui l ; mr ( I ynu , mr m n l i  brormi i ,bass ibii~d ‘,i~i I’ ll files of deben se rirljani/ationus
loud shotmk l l ,r ’ ’’ ’’ - ,in ,,, n ’ ’’ b t Im ,iss m’ Ss the I l m , mn , i ’  t m ’ m i s t l u ’s [8] - T humnu r i ’ t mu ;mI tm ueth ods fo r predicting ground
if t b’  II ‘,i ’i [ ii  mnioti onu levels and b n i rm i uiency corner,’, produced by

Lmndlurllr ,iurmd mlii l Ia r exp losions are not yet wm m bl

I lt~s ‘ ‘va’’,’,- m ’ n ’ ’ s ’ ’ r , t s  imubo rn l ; , m I , l im i  ‘ m i  dynannnll loads , estab lished . T O m iimmvelop mun ent of Such ‘‘ lct hOdS IS
i n s u li ns I n I i , t h l u l l f s  that hive a i m  I lS i’ l l  Ii , mr i l r as l j r u r  ‘ h e ; i r n i d i n n m t  I I ; u l n m l  actual nn measl j re r i data [9 , 101 - The

‘ , ‘  I’ i ra l  i ’s t lo IiS i’s , ,in i, l m h u ’ ,mls with fiel d In mi ,asunr ’ - results oh t h m ’ Box .ir ij n i u b , ’ ru ;nu i und explosion , which
1101115, had a yield of 1 .2 nnli’ga tons , sfnc.iwod that peak

parti cle velocities of around 0.2 l,n c l/ sec were urn
duced at a rani;ml oh 1 X i04 meters , mniost of the

( ; ROL ’\ I ) •BOI {~~E I)ISTI RB,&NCES energy was wi thin the frequency range of 0.25 to
1 .0 Hi

(d ij u im id- borne ‘, l , s t , u r h I , l m m l . , rs inclod im in,irthquakes ,
nu i- Ium ,mr i’ x ; Insions, ‘ ‘  ‘ m u s t r l .e l i l i m I  , m c t i v l l l i n s , and Tfie Suff ield Res march Estab lisht ’nent in Alberta ,
v i’ I iu . lll ,ln l m , i b b u l  , Canada , carr ies out nuuch oh the serious work in the

Western world on l,lrI; un conventional explosions. The
Earthqua kes results are probably of limiteih Interest to civ il enqi-

‘NI SC() has ‘ - S t  mm ua l i rmh 1110 1 , ui , m u I m yi’dm between 1925 neers , however 1 11 1 - More usi.ub u l results have been
m ull l’lPill , ‘,i m II ’ q ui ,u k i ’ -, m_ ,m l j s m’ lf on the ,mv ’ ru J m ’ , the obta ined fro m ni the st ;uu i y of quarry blasts or con-
loss I l  14 ,000 lives arid 400 m m ’ il ion dollars worth oh tro lled ex imlos io nis , in wh ich interest has , m n l n u ’ r i lb on

I ’ , l. L IIIII;nl ’J S If lnuiui ’ ;hioIit tbn; world. In t blin the vibration ev i l s  that ‘ nu .OilIl In ‘ la nmuaqe t .i buildings
I un 1 mn ii u rtt b i s . a son les i , f su ’v u ’ n i - u ‘ ,irlhquakes h ave [12 , 131 - Eurot um man and North Anner ,l .ao lnV’ ’S t uu ;a .

,, u J  II) Il lu 1 fnl n; iIt t he ‘,m ’ v i ’ r u l  y of this type oh m, ly- t ions have suqnj msted t h at structural iart tc le veloi, t Im ’s

‘ l i’  Inc Il l’ lime; on st r i i i ,ture s. Most of f l ue nowledge of around 3 dim/sec w il l  prludl lc u’ dam age in nmmasonry
-, ,t ‘ I  t ’  h im, - , un m m l ’ ’ n i S t S s of ea rthq uiukes and their and concrete waIls [14 , 15] -

f a c ts  I un l , i j i l d u m i u ; s  has conn Ie f ronnm bil t l’r  exper Iences

mmiii m i , i l n h - i ’ ,unneri lesson s I liu m thin past 40 ym nars. Cons t nmi ’ . t ion , m u . l uv i ty  amid veh icular tr ab f l l :  also ‘ .IlISe

dynan uu nc d isturbances of buildings. Son mue pertinent
Bl I l I n h I n I r  .o(h’n n’ ’ l ; u I l , i t i  inns m m  n i n n y  1111 to i Idt in , inb orn lmat lon has l im ’e n , Sun lmn m,, m rl/lnii [ 1 ]  and is n’’pro-

o n iy ’- ,m r h l u u ; l i d l I ’  lc,;m,I reij u lat ior ms muinvertheless n i n l m ’ u  I du mmii Ill F l l t u r m ’  3, Th” illastinll d,ita li - nv ” liven scaled
jvidl’- ni ’ .nn.s of u’ ; i n ’ilu qiuake t mf im ’ m Is [2 1 - TI~nu’un of the I ’ m I ’ ; ln i n s l ’ m mI  thin i’ f fe ,  1 oh a on ,’ poun d charge . In the
mml m l st Sig r lIhi l  ant f ; i n  hors in I m u o i f i ’ n f l  I liOns an ’ ’ se i smm r l m , asr~ oh t r , mll ic vmbr atnons Ill,’ rIding sur lam~, of the
t i - I I , , , m u , u l i , , , I i a t l  [31 , ii pm ou -n ”Iurr ’ for ‘ III lil Imtir uq the road bias the proat i ’st in if l i j i m m ii on the levi - I of lii ,’

i jyn a n n il: rm ’ s r u lu rms i n  u , f  s t r l I r - t l i r i ’ s  [4 ] , and sonm ne i- on- ground nnnot lon tfiat us m;i ’ iuerdt ’ .”h It is of I m llo nest

il th u n lt roundl -s t r l I i I l ;n l ’  in i t i n r ; mu _ t u i i m u  phe- t hat dynannic lm , , i ,f s are nut always a source oh nun-

non’ u i ’n i on [5] In nil , ’ , I , sei snnim , nm ni;iona li ,atnon sance , as m ’ x emml f i l l f i f t d  by tfie pilin g data. Tb , ’ sonic

~lIows bin t I me prubablm’ n , cn rm l lmud i  1,11 a large ‘ - , m m lb n -  pIle driver m redo’s less d is tu ni uanii i’ whien ;‘ rod lv Ing

goa l ‘ [he ‘ t I e r  two f ,iu I u ,m s , I t t e m n i l i t  to allow bor a ni ’s ’ lnu,i nt ( ir iv inug farce In tbii~ o h m - g m  ovb nd systeru
th l ’ , n ,Iu ’n, ,l t i u l n l  of t i l l’  b n i n m ; l i i n t l u  y (.on iti’tll of Ihe tharn do I o l uv ’ ’ mm l i On l , ml  ‘ ,yst i’ Im i s. Most mb the emiergy
‘ r n u , o m , l h  ‘ , , ‘ i h u i m n l  and the i f y t m . m m m i i i , I.fld n,i i ti’nis tm cs oh content (h r m ’ qu im ’ t i c y l  of t l m i ’ S i ’  distijrharu’ m’s lies In’’
Ill , ‘ t I  u j ’ ’t or,i I ‘ ,y’ , I ’ - m n u  E , i r t f m i t o i ~ m ’ u ’ n l ’ ; l m l i ’ i ’ r I n IIi pro- tw i’ l’t l  0,5 and 50 Hi Me a s un i’ m nn e m it s t b If i ’ dynanmuic
‘, ‘vl u-ih Ibne 1 1 1 1 1 1  buS b, u r n i  em it ‘iiuinl, I i  s~ i b u h y m u , m n n l i c s  loads on 30 huiq bnway br idges in the United Kingdom

1 , ]  , ,i tops . Ih,mt wil l hi , iv mn l , ,i~~ h w idm ’ r ~mp pl , u , i t i l i n l  in [161 ire representative of the useful ih u ’ sng n data
f f 1’ ’  f , Itl mr e An early, mit very ,i’ , i rblI l , so imt ’ i n mi b ref tha t i m u  III’ obtai mli’d bro nnn full si ,ilm ’ t , ’ s t i nut l  of struc-
1,11 -on e’, n i ’ l , m b m - , b II, i ’ ,mm t biq n i,ik m m n m ’ s ls t, t nm n l j m ’ nsi , l r l  bias t u l n m ’ s

r im ’  uv~’ I’ ‘‘I h y  I~, i’,i ’ nn hul i i’ ’ If i [71
AIR .BORNII I)ISTURBANCES

Others
Nix ‘‘dr mnx ll ln) Siorus m m ’  Inning i onisii l i’ r i”’ l as a way to Air - borne disburbancir s In clude wind and those

l i lt ’ ’ I , m r u l l ’  u ; u u i r u t I ’ IeS of nnc ) i l Sin, hi uSe of nril O s m n res ul t ing bronmi ex InloSiomiS . The (nha rac ’t e nlst ics ,if w i nd
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10. 0 -
f r i ’ ’  ill ill ‘sS i,n’ ‘ I ,imi lii m_ u

• In I ~~~ ‘,,;~‘, ‘ ‘x plosii in u’ , , III 1 1 1 1 1 1 11’ ~ ‘ - ~~n I isions of n h , , ’ , I
o

sl Is i n i nm iSi Ol l S , 11C m ,itliii i’,pf l l ’ m il’ Ioo,’’ I ’ n l  n , , ’m m rb , ’u l to su;r-

/ 
I iort the 1 ,1 iIrII) i i’,t ion r i m I i i  5 I i’ ni u b’~ ii ui’ ,if’ i i ’  a

u, 1 .00 S lu isvt; r bu il t I liii ml I i r inss i ire t i u , u m ,  I ‘nat ujl ’nS’l d O d  hi
;,ii )v v , ’ m hui l exl ,lo’ , ,vm ’s T bu i ’ l i f 5 ’ i n t  Iiruiit to tO ’ ’ r ’ ’  II

I ln i ’s5~~ u that can b,n Iil’ v , ’l u i;I m ’Ii ,nv ’ ’ mi by ‘.om ,bin ._d
z

g ,m s’ ’ u l l u s  u’v p losions ,i m I I Iu ’d rs to lu ,ur ,u, i nu i 100 lb/in
This pr e s s lum ’ ’  us I I I IbII ,ult Pu , m u . b , i ’ ’nvu ’ ni r I m ,  11, 11 ‘ii ’

1 ,1,;’,m; the relative slowness ol t i ’ ’  , m imm u l j ’ i s t i on i  lu l l) ’  missO .100 -
0 

N 

Sonic II I ) (um n ls  am ’ ,  ar i ,uthe r f o r mni  of dynam ic ll,,Iu,hing

~Ilows vu n nl t S to blow 0111 it low p t u s s n i m u .ms , t l l i n  result
> i s  a ri 11 ,11 11011 ml I m m f inal I ’ m ‘nn, su m e

az
0 that n m ig ht him; ‘oem u s ignificant to the civ il and str

turu h i’nq i m n i ’ u n r  At present it s l’ ,nnns unl iki n ly tbm ~ t th’’0~ .010 -

x
4 ruormu tal , u r ’ u : m , -mtionS of III,; British-French plane t i uu ’

Con iurde can be in ’, I lunc t i u i to produce ov im m press’ res

; u r m l i l b m t n h l s  w i l l  bi,n d i f f icu l t  to solve [19] - For vm xa n n ;ile ,

a-
_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  

of 2 ,5 lb/ft 2
.OOC

I tO 100 1000
DISTANCE FROM SOURCE ( FT.) 0111 ERS

Figure 3. Attenuation of Some Ot fu l ’ n ly l mums oh dy na nnmic loading of  s t m i im , t , ,ires Inidl luih i ;

Ground Disturbances t h n ’ r n m m a i  loan s due to te n n i per , i t ; m n m ’ variations and b I n ’ ,
I Iu; m ,mi .t 5 , d m11 .1 the a’ I ion of ocean wave s , curr m’nlls ,

load in’; in ,~vi’ aim ‘rady la’m’n the subtect of a I mterature am a w i nd .
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Thermal Loads

Th~’ m i’- l’ ’e’,iI “in 1)1 nnu’ lean weapons in the air pro- Dail y and seasonal variati ons ob I ’ l l; ‘ ( n m,m t 1110 ian
nj ,  u’ .”ns N ‘,i’at Ii” I P rijSSI ire transients with peak over I cr1 ‘no to sign if d i r  it rrio v e n mi ’ ’ n t s  in large St r is’ t ; i n ’ ‘5

l , r mt5s urmm ’ , ti sil urn fu nct i ons of th mu distance I n o n u l b ~’ ’s i ’  m n i o v l n m ’ ; u ’  Ills , Il k ’ ’  those assi)c ,,il’ud wi th ‘ ; n ounid

gr ound ,‘ln nn ) and the yli’ ld of the weapon . A one nn l i rl ; ’ S u n t t b l ’ u m u m , n f  or s1 u ’ ; i ’ f y - s t , i t i ’  wind prps5i_ urC I,ik’ 11,11,1’

aton c’~ plosioni would ca;usi , an m iv i ’ rp r i  ‘sso nv n oh 1 000 slowly arid m . ,m ri Lan mnm eas cured in years. T f a ’  elf in, tS

• lb/i n 2 at a range of 1 ,000 yd and 1 lb /in~ at 10 ,000 wnuld usually be Cmnmlslul ’n nu ’cb tO hi’ Sta le , loading
‘i’b The pos it ,v in phase of Ill’’ b ’ r e ssu j r i m transient w(nli ld u ’ l f ’ m c l s , t hey ar m’ included in this review l uun , ’a , i smn the
lie ;m he ’j t  twm i ‘,en mj nds , resu ltant 1 1, i ivum n n u i nnu tS Ian be ln lm ’ ,isnrind only wit h

advanced instrunmten tat ion derived t i l u I m  I dyna m ic test
Pn j N m ’ m f ’ u I  c ,xplos iv i’s , II rb ,’ I ’jmi at , r , h in an I, l m i’ n l s h ale , nniefhods An immu ;ror ta nt design proble m in t mt nnn r u’ m ;i ’
;ira’I lin e shock waves t h a t  trav im l about 1 .000 m m I/’ ;um c . lure tnm ovem n uents involves nniu lt is to ry buildings
flu ’; ‘ i mm ’ _ n’nase of t)( ’ak pr im Ss u l r mIs is , m c , ; u m l i x i m m l , i t m n i y  , ‘ x I , n r u i m n  and interior co luim,nis can be sub[ected to
equal 11) thin sq ’ uimn ’ ’ of tO .’ ‘ f i ’ , t an iu,m ’ f n u u i m ’  t i m ’ ’  5o ,imi .e telnifuerature diff , ’r ,nn u i i’s in excess of 100 ° F. Must of
For mnx a n m’ple , a one I ilograrrn i,b i- m m gi’ oh TNT wou ld the work on t bu is prob cnn has been l a m aId out by
iii vi’ l u , i u  a peak ; ir l’S’,l in n of ~ur uj arid two , mt u ruosp her inS str oi,tura l innij I neurs responsible for design I rig the

~t ,m r ; imiu ; m ’ of i, nn m m mm le t mmr  , t h e  i’ is it vi, phase of t I me tallest huul ubings nn North Am nier ica 1201 -

Overt ; ness ’ m m  would last abo ut I )m nfl nil ill I SIni,oi), I [1 8)
11m m , shock N iV ’ following ex pbost iins within , m ni c ml F ine l ’ iv mds u ’on istitute a byna nn uc Ioa d nmmu;, imisobar ,is

r ,Im j ’,m d  space lmnil I . In nlomr ’ ,  a nillmn b er of r int lec ti omi s , a t b~ r te mm iperat u re increases t h a t  Iil~ tin (an be lIIi ’,iSlil i ’ll

t ,orlsi nb( nnujt) le rnaqn if s. at on i f I Inn i_I in ri’s ; inmndinq in ‘m m flutes , Obsorvat ions have shown I Itu t a wndi

I6
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n , m n l ’ n ’  i f  bu n ’ lmyads ‘ ,mm’ n iii liii , Il Imt ’ mu i t l t u u ;  u;iiun’i the f.Jn’ntil all lu r lif ’ ’ ; , ’ ; im i nu , ml ‘ ‘ mmi f mn l i ( i n n s m u  thin u i lu s t n it l n ’ m m l
I I ’ ’ ’  , l l  l u t u ,  I I, m i l l  amid Its (ni_ u nil ’ ‘nnts . T’ f n t ’ s m  ‘ ham tons industry l iv, ’ bei’ni n n 

~~~ I ’  ,m w ,mni r i ib availa ble i r m ’ ,tr Ii

in :,p liu ge t h’ ’ ’ ,m ’ lm ’u t i i ) m t  of , i ; u ; u n u i ; i m m , i t e  f i r m r , m’ i i n , l , m n i l  Ii n ’ u m ’ n i t , m t i o n , it is iirnl, mn l y t l I , m t  t f i mn , ; m i , i m m t u m y  muf  mn ’ ,~ um n n ,

f I n  ami~ st r , u ’ ’ Ium al ci)l t lpi :unm i’ nit S mm rv mm y I l , u I ,u  fr i’ nmient al u I , i t , m m u m n ’ m j u ’ I I  Ii inn it i rov, ,  t b i im iu n ’ ’ l  u m ,, i I  ‘ mini ’  m ’ ; u I ’ ,

tb i’ ~ ist m ’s,is I ‘vu ‘m m Is I 1mm u -n vi ’ h u m  I sm ’ i l l  mnfornn ‘at ion wil l  n i ’ ni’ ,msi m ~ I ‘mm li ’  in I It n 1 ,11 c ur l  ,mhoij t at ‘;~n I In ate

ii ’, ‘ , m h t b , , ’ n , ’ , ml ln i , m , h~ th at n l m m v i ’ l a~ ri st rt i c t u i r i ’ S  [ 2 1 )  n m u l ’ , i su ln inu l h ’ ’ u h t n u i q i i i ’ s  Ion ‘,Inli’ t o n al  ‘ l ym i , i mn i ’  S h , , us

Iii’ ‘ mu publ,sb ii”f a su irvi ‘y oh in m ’ ,l m o n  t i ’  ‘n I ta t  ion ; In uVl d m n S

Impacts the i mmu in i l i a t ’ n ’ l  w i t h  tm u ’C ’s’,any V III ,ubbul ary [2~ J , ,jm u ’ b
SI u’ ,inm i , br iv i ’ mi  rail ‘ ‘ n , u;m m le s i’ xp ’ nm mm m ii  ,n nf t he first ty t u l m  oh a t hu ’ m r n n m ; l m m n s  ,h ms a l wi t ln  low mli i’, t f nat  ‘ ‘ ‘ m y  Ii’ nm ’ i n l I I ’ m b

l n c r ’ ,m, I lomolh inm u ;  , h u ’ ,ilt wi th by stro t i ,j r at u u l l g i lm u ’ I ’ r s  in thin f i j f , l n u ’  12h , 27 )  -

T hin ‘f lm ’ m:t  i f  thu ‘‘ h i a nm m ’’ ’m hl’,w ’’ on r,ullway bridges
m”,iS con mu i mi ‘nm’SiII’Ih for by adding about ten ; nm ’ n i  em il Structural Movements
to the k nown w u ’ i n f llt of the tra in , Potimntia l somirces M,’ , i s u i n i ’ m m , u ’ n i t s  of stm i mm: t imral  tnmov m nnt i is nnt s  humvin bum-n ’
of I n nl ; i a , ’ t loading now j ncl , idmm air c raf t  and nT’ias sive mmnad e by using ‘ I l I u m na t u ra l l y  occurring or m m m l

t rucks Thu possible ha,’ards if SO l O loadings shou ld mmuade dymuann u m : biumu ‘s [ bnim m m u m u s t  fn ’ iqum;mi t ly iusm ni l
not 0” mh is mu sse d bei:ause they rarely 01:, II , Oru at souncos oh exci tat ion have l u un ’ mr i  Wt lld amid earth-
least one oi ’ ,,aslon a threat was nnu ade to fly a large quakes. O ne of thin earl iest m;x; m e r im mn e nts was the

,m irc raft in to a nuclear power station , In addition , atte mn ipt to mmneasurt ’n the ml lo v e n mumm ntS  oh the I m mi p in im
son ni,’ mmi ode rni load bearing masonry buildings would State Build m u ;  in New York City 1281 - A long pen-
sulfli’n extu’nsive danuuaqe if they wv mre hit by a truck, dulunu was suspended in tIn ’ fir e tower , and both
Data on nnleasur lnd and estirmm uted lim; md ings dmi e to the wind- and temmiperatur e-induced dr i f ts were recorded .
im pacts of heavy vehicles and aircraft [22] could Similar indirect rneasur enlienuts have in volved reu,ond-
be used as the starting point for Ihesign of structures ing structural strains [29 ] -

that withstan d the action oh such toads .
A considerable anmmount of work durinm i ; the 1960 s

Offshore Loads was aimed at detern mu inin g the natural periods of
Most of the loads that mn ,us t be considerimd ru the vibration for tall buildings , A nmtore natiorua l ap;mru ,iau h
design oh offshore str uct lbni ’s aiim dynamic - -  t f im action to design ing such structures so t h e y  can wi t h stand the
of sv nmvi’s , winds , and currents , Engineers wil l  prob- effei ,ts of imart h iqui a kes lurov ided the st i nno i lus for t hese
ab ly l u , n ’ .o ’ m , o  increasing ly involved with the conistruc invunst igations , In Inmost I as’ns , mn hi u i ,trn ’m nnei;h ani uu ,al
t ioni if st ‘ i’ , l ’ u re s  in the sea , valuable data are already sm~ismn noqra ;uhs or ai : i :m ml ,’ ro nnet i ’m s wor n used to nmueasure

available [22 - 24] and will be d mmscrib m nd in th m r the dynannnt: n l uovenm ie m lt s, Thin ,ba inamumj se used a fa n nil
n i i’ ,vI am t id e ru the s i r  es vibration l is t  technique [30 ] , a w ind-induced test

nuietf iod was l , i tmnt  perfected in Canada [31 1 afte r
or iq inial work Iu~ib been done by the U.S. Coast md

MEASI REM E\T ( m’ ,i,, Im ’ t I’ S u m  v ,’y Amnother group based at C,ili f i urri ma
I mi s tit iu t i r oh Tu ’I ’ ht m ulliqy I i t i t a iru , ’ ih infom nat ion about

0110 re,usuini f m , n  th~ la m k it m ,ise fiul data u m ’ mI ,u i r n inmg to the s ig n ib i .am u l u ’ oh 10 m m ;n u u iu n d - str ium t i n u m  interaction

‘,tn ui , t iu r , mi  d y m i m n n ics of str uct i l mt ’s is that too bmw m him ’n iomnmn n on i [:32) Most il the lmtmu a s Ur mmmnne ntS in
civ il engi nim murs , mnm n ba r m mi h i a r  w i th  nniodern i rusI n i m n m l ’ n m l I , i  ill i f  t f im ’ s i ’ j niv mist l i l , i t ui )ns innv nulv i mij i ll 1 iiontal tuoVii ’

l i on , Many m nxpen inm ionts involvi n g dynannuic Iudu l i n u ’ l  n n m e n i t s  I t t ill bunldinigs , ii , i ’ li ’r ,mt j om ns ran dy ‘xi ‘c ” lm ’ u I
have bemmn ; u n u m n m u l l t , n i l  f ,iy the dimv ,inu t atnn ll ‘fli t t s of ‘J r , m s ’ i t y  .11 ,1 1 oIl tinned in ,u b n i ’ q i a ’ m u ~ y range il 0,1

‘‘,mrth qui,i in ’, m in i tall b I i l n h i t m I f ’ ~ The I,i’,m’r is mj airning in Iu i 20 ~1i.
I n n l p m ) r t ; m n i d m n  ms a l uol bor m~ ‘‘ ‘il S ili inm q 1,0111; slowly
var ymmm g nni ov m ’n tm enl t s f u ’ n r m l N ’ m , i l l i n t ’  t ’ f l~’ ’ Is amid wind m uds prum ’blj i :i ’ l ,mrgmn

SllI’ ivly v,iryiniq m n m i i v , ’ m m , m n n t t S  thi ,fl ,imi’ dif b icul t  to
Techniques ‘ 1 , 5 1 , 1 m m , ’  A r i unn ib i ’ n  of UI  erg develmm iuniien ts ‘ i t i l i/ e
l’t ’ nb i , t l u s him ’ ‘jre at o St imhistrm ’ : I e to t lne Im .i , , u i t lm j lationi optm u ml m m u m ’ t f i , l , b s , it is l ikely tb iat the lase r will also
oh data on tI , , n , I m t m j r l n  of dynanm le: loads acting on play a siqm nufin :a n t ra In’ ml liver onninq sonmne of t I l i ’ sm ’

bui ldings li i’, hi . ’ i ’ nm a Ia’ k of knowledge among I ivil t nr n b l i ’ mn s [ 2 0 , 27 , 331 - A ltblinuilhn cnua v i’nmuent s can
eng ii m mn m ’ rs oh n n i m i m h m m r n  instrunn imuntat ion tec hmiiq umns exm;eed a mI no r m nr  , m n um r m m , t b n m’ t u n n m mn Ii (joi noi b m, mnmu l m ns
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to ‘ mutn i t l u s  iun ‘v ii ym ’ .im ’, M’ n v , ’m m ,, ’ nmts oh n n m , i l ,  loi n 2 I , ImIh u I ; l u , mI  i n  R m nsmsh , umi t Ri~guiI~itinris , A W imr ld t ‘ .1

i b m  n m w in ’ ’ m el Ill I ’ l l ‘vi m ,n 24 h u , um i r  ‘ ‘ nm 1 , 111 ton t 1063 Con m ip ul m ’ ,  I by the I nut ’ , m n i , mt mou ual Assom’.,

,‘,‘ ,‘l I’ ,‘i’i’m’i ml Cu ’ m b , in Hill , T i ’ s , is , as ,i ‘ lnIlsi n l ; l u e r i n ’ u m I a rth gu ia kim Fmu grg,
i v~ rid i’ll , ’’ Is (‘.n oi h~’ a,, sic’ in nu ll ‘ ‘1 1 111 1 mm m m m  ‘mi t hu m ’, I

I’ ’ m u  , unm ’ f l l , m ’ m  m m m ~ I n n , I l v m n n r l i ’ m i t s  inn ,m ruu inui bm’ r oh 3. Rtu .hu t i ’ n  , C , F., ‘ ‘Sm i s m nul i  Region al i ,ulmonu ,‘‘ Bull
h l i ullh m ti , i s in thue Chum di i i  i rma [34) ,  lc ’cIi ltS  sIli l lt i’Stm ’iI 5m nism n ual  ‘~oi An m , u nr , 49 , pp 123 162 (1959)

i ’n Iumnt , r u s ‘ I ’ l luh m n u ,  vi’ as n b  lil ’h ‘is 0.1 I nn tier

‘,I ,m n \ - wh m’ni 11 mm ’ i’~ t , ’ r  u m ’ m  l , ’ n n , l m i ’ n , m l l , m I ’  was i n i l l i nd 4, I—joiisn mmr , (“m W ,, ‘‘Cb uar m .mm h ,, mm stu u _ s of Strung
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‘I n ‘‘ ,is I Iy ,ill,mly - ‘ “ 1 Soc . A n n e r . 47 , pp 179-186 (1957) ,
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t:~ t i ..~t ’ s’i’ \OISF ,~ N I )  l’I ’S ( :oN’1’I~Ol. . -\ JtF ~VI F ~W

\1. I~. Munja le

Abstract - This article describes recent developments peruonb uc ;umu l se is I.Iu mi sl n h unn. ml) Iy a lt ,; nm n u h as it ‘a’~sm’s
in the field of analysis and design of exhaust ,nmufflers. t h ir a m u uj fi Ill,’ in ‘ J iauist s y s t ’ u mnu Iconsist trig of ‘‘XII I 151

The article is concerned only with exhaust noise. n c u , m t u u l t m i l d  ,m n nu h ‘ m x i u , m u j s t  P h I l )  , mruuu f f l u ’ n  , iamb n - ui l r~ tie .
At the ‘ m m i , l  of the ta i l  ;um pe , t hin u ;si ,, u us m unnt in r,J u ,ts

A m ut ’  l I m l I  l Ive e muq in m ’ ’ s t ire mu ’s; i i imi sihle f u n  moist of the w i t h  thmu a l m m m , I s r l h m e r e  tO m i l l  ll ’ ’ n  sounu’I by nm ,i uamis ,,f
noise t lnat pol lu utm ’ s lhn mm env i r l mn in i lu ’ t , l  i f  citi e s , A t h m m m (liOnlim I mIJIi m r uIn ’ iu , ln is mm l , Until nu’c i .nnit l y, the si m l lnd

m m ’  ‘unit suu rv m ny shows that , ‘ ‘ vumnu hh i l luu g b luumavy limo - l i ’vu ; I was i;alc ulat i ’u I by ‘ m m  for u m , ;  a F o iuruer analysis
t m ’ mm ’ r ,  u , mI t r a m is  con c ;u r , smn onil y ( .1 Li’ ,, 1 the vi ’ lm i ’  lm n of liii’ pulse , c mli ‘ i la ling the sounud ; ‘.iwimr is s um ’ ua tu ’ u I
popol.ilioni , hh m m ny u C o u n t  la m 1 7% of I hmm noise ( 1 )  - w i t h “‘ mcli harnnionic connit ’onenlt , arid , i ’ b m b ~ncj t h’’ I n ,

li’ ’. ivy  t rucks are the no isiest , w ith mn u u l t ;l i ycl im s a trib i ’iuo i ,s of a ll  l l , mnmnbon mc ’ ,  to uI ’ - lu, r mnm n m m the sound
cl’s,,’ s m’ , _ , u m ’ ’ I  ‘ niSsm ’n n i l l mm r  I ‘ins and light truc ks ire ;lI lw’,r m , m m h , m l ’ ’ d  Quit of the ta i l  ‘ m i ’ ’ ’  T im , ’  sou nd
less noisy One reaso n ,‘ ml m n m m mm , n rc m al tr tucks arun ruoisy power asson;u at mmd w i th ’  m ’ , m ’ , h ha rmmn o nuc co m m lI ,,un u ent us

us thei r low horse power-to~weight ratio , wh ich no- ‘ ,d l l . I I I , I l , ’lJ bnomt ’  inm ; iua ti o n (3 > ,
‘ l u u u nes thenmu ha operate at or nmmar tol l  power during
ac ‘ lI’n ,iIiom i , mm u u l  steady~state operation . °assenger W 1°1 1.. ~(n 1 y (fl I 1, p I n )  y In) cos ~~

m r s n , mn i ; ly a ’ , l uuu ’ v , ’  high engine speeds [2] - 
0

1 1 I phil R 1w)
M’ ,l a i l l a m m m , u h m v e  noise ami m u rs during the exhaust , I~~ P nu 

, ( - ~ ~
umuta l .  e , and ‘ , ,mn ,bu s t Ion; stm ups of 111m m engine cycle; I I C) m u

the cooling ban is also a noise source . Exhaust nol’ ,mn 
- 1 / ~\ 

2

is ,mI l ast 20 decibels 1dB) higher than any ot h er - ~~
-
~~
- ~V 

~~ 
R0 1w) ( 1 )

noise in a n c u ..iprocatini; e ng ine [ 1 )  , w ith the excep-
tion f heavy-duty tr uu ’ engines , in wh ich combus- w h ere -

Ii, iii m n du mcm ’ uI entm;ine-body no m s mm also cal led comn m bus - ‘ ‘ I
lion noise , st rul t u mr al t mt dse , or sinnply I ntu q ,n l m ’  muoise ~- m ’ m , u u s lum . F m n m ’ s S u u n m ’ , 

( m u  
~3p P n , - - n;I lmmw m - ‘

is oh tfmmn s a m n um ’ murder Resmmarc, h on 11m m ’ nimiismm ij m ’ni mmnu j te d
by the engine h,lou , k of diese l engines has resulted in - i (~)~) p
) - m ’ m i  m ’ nnu pu ruc , i l  ex lurm,ss ion us hon various ly;uI” , of dies ml I I ( ) ~,

m m m l l ; m m u m ’ m , (3) A stat mn~~f the-art m i nv iew of t i ,  an a lysis nmnass vmul ot . u ty ,  y v n n i is lniw ,, t 
~~ 

I

, m m rd ‘ h ’ m ’ ,uq ri of exhaust rn i i u t f lers was ;im mb lis lnm ’ , i m u  the ( ( ( ) 21
DIGFST in 19/3 (4 ]  ph,msi ’ , J m f f m ’ n u ’ m m m  :e , - n — n

rad at ion miii r i ’ ’  h ,m rim in

RAI)IATION OF F;X HAL ST NOISE Z~,
(w) ~ht Iwl/v (w1 )/ , 1 (w I )

R~ 1w) + u x a lw,I_
A rec iproc i h u m ;  in tel na )  -con bus? mo rm i ’m ml ; r um ’  d is~’ 1 i.mmi;i ’s
hot m l , m s mn ’, during liii’ mnx haUs t s t r o ke , Whmm ’ mI t lu i ,’ ; ‘ l c t u u n l  w - nw~
mnn ’ uv m ’ S  ni wit h a vary mn inj v m n l mui .m ty ,  .mnrh l n n m ’ s ’ ,uunm m mu t Om .’
ylinder drops t i i m u ’ , u u l m ’ n , m l i l y This exhaust patter n us c..m~ l~nmng In ’ ’’ ; u i m ’ t i ~ y in

nelm. ’at .md with m;am , fm m m nvm t lutiorn or every othmnr nevol u- n , i I I l , mml ’ , / s i ’l

tnon , dm ’l l m ’ nu u ling on wh muth .mr the enq mnum ’ has ,i tw o -
strok e n. r a fn u , u r stroke u .yi.1e , If N denotes rm.mvo hi i-
ti onu s t ’ m nn rT n i nu t m ’  of the ‘ . m a n m k s halt , iithimn N iii N/2
m’ ~~I itm i , u t  pulses un .u uun ;u i ’ n  m m m l i ,  t i n  per n.y1 Inder - this

Depum rtment u I  Mechanical F nqineerinnj ,
Iridiamt Inst itute of Sc ienc e. Banqalom” 12 , India
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Ac mmu u stuc I/l/ave ,An a hysi s A ‘;~‘ u u ’ ’ n . i l  I ’X~ il ’i’ ’,’ ,iIIl1 f or tIme ,mt l u ; n ,i , , u h i m u m ,  oh a nnnuf I l ’ mn
m l ’  ,, un I 18) u , , ,  1 h ‘, ms , ‘ I , ’ ’ II,, ,m ’ ‘Ii 511 ; ui u , ml u  ‘j i m ;’ ;  m u n,’,IrjS I mild ‘ I  ‘‘ m l in 1’ 47 ‘I, II ,j I ,I ml Ii Is Ion I, un i t ’ ’  r ,unh 1,31 u ’ , ru

‘ m u s i c , ;  Ii’ ’ h u , , ” u ’  t i ’ ’ ’a m ’u’ , unm , h ,h ’ ’ s i ’ ;n m ‘I ,i ’ I l l i s t I ’  /o amid SO’ m m ’ ’ , m m : I ’ ’ ’ I j , i n l l  a ‘~n-m- i’ um is 11,1, nmo ’ ’ ~b, i nr
m i l l , ’, mm I ’ m .,,’ I ~~‘ u - m u m ’ . ’ - n l t , m i  V I I I , ’  . u t u l m n u  of ‘ I i ’ ,,,, , u I 1 ,‘ l m ’ m m i , ’ n ih ; ,  I m , m u ’ , I u l i u t i r t m t m ;  thu mmm a f fher  Is,;,; Fig. 1 (all

- ,u - I; ’ s us ,i , -II I h~ ’ s u n  ‘ II’, n n m m ; l f l ’ ’ ,  , ‘ l ’ ’ I r ’ ’ ’ m m t s  i ’ m - I  f fm i s  ‘~~; i n m nss io n was later wni t le n in t m ; rnn , s if ‘i i ’l , , ,  uly

, u t m ’ ’ ’ l i u m i , i i , ’ , m  ,s ,‘, ,m’ , I u . ’ v , ’ h ’ ’ , b nm 111 .1 1) ]  mI ll , [10) .

Zrl+l 
~ V

I The filter co nsi sti ng °
~ I ~ I

ofe leme nts — I to n P~ th zo
0 c~~~

-[ ‘
~ 1

(a) EQUIVALENT CIRCUIT FOR AN ACOUSTIC FILTER WITH
NORMAL TERMINATIONS

v~~~1 v~ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  

v 0 
Z~

a— 1°  ° “
~~~ 

D~~
Z n#l The filter 

~o ZerO

(b) MODIFIED CIRCUIT FOR THE EVALUATIO N OF VR~~ 1

V C n+l vc ~ VC Z c
0 

V C

7Z l
The~~~~rr
If l°

(c) MODIFIED cIRCUIT FOR THE EVALUATION OF VRC~ +l

Figure 1. Block Diagrams for the Evaluation of Velocity Ratios
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/ \ Mi ih f lm ,n per forn muance can also bum ’ i ’v~I,,~ t m m , I by a
AT T = 10 boq m m + 1  \

10 Z02  z
~, ~ 

+ ~~ ) 
si bu i ’ n u u m ’  ‘if ca lcu ilations developed by Alfredso n annd
Davies ( I i ]  - lOu’; ve locity ratio-cunmi - tnaoster nnatrix
mnneth od, however , is i ma s t mnr to use . The following

~~~~~ J 
(16a ) ‘.uinu. lus ions were drawnu f n iu n ni  a heuristic study oh

the mm f lu’ , I , mf uli ’sm ’ . f low and source impedance (12] -

• a lthough nimman flow wo u ld increase the radia-

1 is 10’ ’ l ; y r , u l t il m ’lln; i I in ter n al imnipedance of the lion of sound , m,m usm di nn ,j b ly, it wou ild lo t

,‘~~m l ,m u,’,I Sysh ’;’’’ , VR n+ i is the v m m lou i l y  ratio V 0~ I ~
‘
~ 0’ sIgnifi cantly affect the atte n uat Ion of tubular

1,-I a,’,) wi th m u s h ,’, I to Figure 1 (b). Subsc ripts m m u u l t l m m u s

1 m m ;,) 2 Il Z refer to W 1 and W 2 r un s j lm n u lively. • u;uean flo w would niake hole.u;avity resonatons
I ‘; ‘sml ion ( 1 t .~m l neg lects the phase difference 0 al m ost ineffective (see Fig, 2 , for examnmplel.

h,i’twi ’m’n mm , m ~ SIc pressure and mass velocity; the Thus has been observed ex peru nnmenta lly (13 , 14]
r , m ll ’ i , ,l I i- .” ,ii u’ ; , shi l  pressure to nnmass velocity is • larger exhaust manifolds l u .e., lower 

~~~ ~
)

I n ’ ’ ’  u t m , c r u 3 l c ’ ,  radiation mnuipedance Z would lesse n exhaust nonse, part ucular ly at
0~ higher fr equencies (see F- s; 3, for .x a n n , l i l u ’ h

11+’ I l l  fr ’, I I- ~~I I m m ’55Ion is shown in equation (1 6b). This has been confirmed [151 w ith ex pi mu l n n , m m n m t s

F~f~Q~\ / ~~~ 
\ 2

The effect of mean flow on branch resonators wasAlT = 10 lo 9l o ~~\Z0 2)  ~~~~~ 
+ z~~1) or iginally observed expe n imumental ly in 1956 (13)

‘VR~ 1) 
1 .~~ L iz02 j ]  The effect has recently been studied thusoretically

(16b) ( 14 ) ,  acoust ic energy dissipation was assumed to(Z~~ I R0 2  j be caused by shear flow at the aperture of the reson-rR 
)

~
II

2( 

Zn+i VI o l  _______= 20 Ioq~ 0 
~~~~~ 0+1 + Zo~~XRn+1) 

ator . ‘the im iuedance of flue resonator at its aperture is
given by

1 + 3~ (1 “z ~
- iw —‘--—-- + —ISA \ IW,(Q)+ M

~~3m SA (20)
In the presence oh mean flow , attenuation (ATTI
womuld be given by equation ( 17) ,  see Figure 1 (CI. where a and 1 are , respect ively, the radius and

‘/ Rc 1/

aA T T c 20 log s ~ IY~c~~~) ~~~~~
__) 

length of the neck opening into a cavity of volume

SA -ira

(V RC ri+l)~ 

(17) 
M(~ ) = U(~ = 00 I~ /y0 ) 

1/7

~ a/3
,‘i im i ‘mm ;

= radiusof the f low pipe

V U, ‘ . 1  , , +1~v0 U~ = muiean flow velocity in the pipe
( 18)

Components of nertance and comuup liance are the
V 0” mu + i can he ‘ mi l l  u ,b , ih i~~1 by s ’ , ‘ “s’,Iv~’” ”  It t; u lm ~.~ same as for the case of stationar y medium , That the
1 , 1 of the tm , in ’ ’,lu ’n nnmd tru m’ s nI various ,ju 1, 151 mm . norma lly negligible resistance term us large with mean
elements flow has been corroborated fairly well by experi-

[ 
PCn+i o merits. They show that the attenuation of a branch 

Er(.][
Tl .]~

Fc
~~
[ 1 (19) 

resonator is considerably reduced by ,mm r f low , This

r u m  ij is remiiarkable in the vicinit y nub a resonance point.
As the flow increases and/or the length cut the neck

including discontun umties of thm ’ nnuuf fle r (61 - decreases , t he attenuation peak is reduced .
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I ’ m I t , , ’ ‘ m ’ ”1 m ’  m m , ’ of r n un , i t , ms . t h u ms , mvm ’ u m u , m ’ m b , m ’ n  i m b A i lm l ujmnjui s ,io~u ly sis ‘ mf  t hmm cI,issui.,~1 ; ‘ m b I m ~m n m  of ,Jxu-
l u , - fu ) rw, i n’ l  - s u m ’ ’ - 1 mm ’ , , , m m u m ’ s  w u  Ii 4fsl ) t i , , u t  of them s ym l ; m u u m ’ I n i i  tramis nu miss mon of low mm mnnp lil m umlm ; I/miV i’S

‘I ’ ’, t m ’ ’ l ,v,iv ’ I ’’ - ’ m u leS wi l -v MI  It ms’ ml sm’ ’ ’ , ’  th rouq f u a cur u ,uI~ r m u l l’ I o m m t ; m m o u u ’ u ~ u V iS i ,’ u i_ IS fl it ’ )

- ‘ t y  ~f m v , m v ’ ’ ; - ’ ’ , ’, ‘ m m m i  ‘ ‘ mu a us m n m i u l t mj ’ I u , ’ I nuas shown that [181

t ’ y  1 + t’~u~ ru o nuu ’  u ,i5i ‘ , mn uu I I fuji in t i l l ’  cuther - hi It I ll is

¶1, ’ 1 us lmni iui ’ ’ ’ I Ii~ ‘,‘,- ,is- ’ ’ numrn lj ’’i - it ml ’ m m’s omit u ’  sO i l ’ I

‘ m u m , I ’ m  ‘~ I mi ’ nun ’ , b u m ”  I ’ ‘,5 m u  ii nu ’ u r i , im f l s  uuna f fu ’ i  t a = .
~ 
12 p w

‘uI bu y ‘ “ - i ” - t I , im’.’ ‘1 , 6) fl u ’ lii ” m m - I l ’  ml , i n l . m I y s l s  [ 14 )  0 1241
is u n  u ‘ ‘ m m m i  , u m , msm ‘; , u ~ t m  miS I t , , m l i i , , , I is ‘ - 1 m m  1’’ I to c
i ’ m n i ;  - t, ,m u,m , I ’ m  15 1 1 ’ nnm p m - ’ I , m m u m  u’ Im ‘ mms” ’ v u - u  - thu is is of no
i m .unmsm - , I v - m u ’ ’ I - u - , u i , ’,’’ Ii’ , - ‘ ‘ ‘ u ’ ,uni b low l- , 1 ; i ’  mm f l u ’ m ’ u l u m - i  f lu ,’  engine ’s e x b l , i u l s l  s y s t m n n m u , u i uu m s i s ’ Iui i j  of cy linders

,v .us h ums ~~~ ‘~~ i f  i n , the’ ‘ ‘ m u j ’ u ’ m ‘ ‘ ‘ i l ls (with rm ’u pi l l’  ,u ln ng h ,slu mi s l . i ’ x i u , m ’ ,ust valves ‘n ‘ m i n I s .
,mm, ’I n um ,j u iubol d , hrJ S m ’lud em’J mu m i mu sl ic ,mu i ;m IyS us flu e soumnd

, mmu ’l ‘ m , m m m i h,m l [16 , 1 7 )  ‘mI u llIlu n d t b m m m  a t t en ’ , , m t t , , n i  ‘ ]m ’ ml i ’ rd lu ld  by t h m ’  s y s t mmm u i , with ,mnd wi tho ut a ‘ ‘ ‘ , u f f l e r ,
I ‘. ~- , n m m l  in u r l - ; , l , ’ m u t  ‘ l m u ’  I t i m  ~s ‘,~

- mt h  both sIm ’ a , hy rim quur es ‘ ‘ i m, u m , u u l m ’ r i / a t m l , u u  ‘ i f  liii; s v s l i ’ ’  as in , m ’ , i m u S t i C

m m ’ ’) piu ism ’ - I  s cmnd fi l ls A u n i u s  s t ; m t l m  analysis Siu , i r ,  m ’ w ith a il +’ ,uu lt h , ’ Il u il ‘ f ’ ’ S ’ 1’ ii’ ‘ m m + l  ~ m u ’ l  an

si- n v ’ - ms ,m Iil ’ ’u ,r ’ ’ Im , ml l uas ,s  for th ’’ m , l , c m ’uv ;u ‘11, -u m m , ~l i r ’ u j ’ m n i l , m u u i . m n /~ + Using - t i ’ -  liv ” mum , u,ulv”c-

1 1 , 05 m mm ’s fa i r ly  ‘,‘~un hI  .v~It ,  ‘ ‘ x j ’ m;r , nm i cnl ; u l  m m m s l , I I S  115 1 ’ l u ’ m n u inoloqy, lhm ’ v , j I ’ im”. , m m m- ‘c 4 1 , m m m m l  7c 1,~ 1 -

i n , , ’’ ‘1 ‘ us i n  10’’ ‘ I ’ .‘,‘m lsIn ’ ‘ ,ima I ” ms,l ive l Bo tiu h yj mu 111 , 1 I ’ ,m l jian ,j ’ ’ i- l u S dr ’ I ‘ s m ’ ’  lions ‘ ‘ I  sm ui  h
n u u ’ , l , m l u V m ’ l  Iii’” l u lls mum’ ; i m m, ’ ,ymi in u r m ~ l lu ;n li m ’ S f f lue C’vil,m, u’ ;l ’ysi ’ ’’ ms ,

~m ’ u , ’ m , m ’ t r y ,  s~’u-i ’ ;l ,

eqi u ’ ; ‘ u ’  7 11  , m ’ m , l  122). mod l, , , m m l

- w
+ cli Mt  1 + M 7 1) A ‘mast m m ’ ’ i ’ m ’ l  Lm nu ,  ‘ -  of ,m us’;,v’ ’ or ’”’’ “ml u m ,n, iS ‘a id

so’ -ml wi th  an ‘ ‘ ‘  i,,’ b, m m ,, i - t I hi ’ - I n  I r ,m uusm ‘ -us e n I
t’l’l,’, i s , I m i ’ , l 1,ml , i  is ‘‘ s l u , m b ’ u u l , i l u ’ ml  to t l~m ; oi l , - , I l u l j  S u m -

us
1 ‘.1 (22 1 t,~’ u’ ~~ur I ’’ It;’’ m’ s,ii t i uua tu ’ un  f Ihu’ m r m’ ssi ; nm ’ ‘m ,m s i’ ’ ’ ,

[19) 1 ,  ‘ i’ m’r’ , ’ ’, lu - m I u i  I ’ n m ’ ,’ m ’ t . u ; ’ , n I I I  ; uu r v ’ ’ i ,  ‘.‘~,iS

‘- slu ’ um ’ I , ; mj in ; ,u ‘ ‘ - ‘ I I , ,  ‘ml h u t  ‘ ‘ ; , ik u-s use i t li;l- positions
f i l m ’ I m ss i i  , m ’ i ’ ’ r ’ ; .  mu i . ! m ‘r f , iS ‘ l ’ s ’ ’ ’ ,  I ,y m~ b i a ss, mm ,’ m ’ ; unu n n  i, ‘ ‘ t m ’  h mu ’ ’ usmual b y ,‘,m ’I I b m ’f u m ’ ’ml -

arid t im , ’ ’ ,,uI u’ ’s - ,t Ii’ ,’ ‘ m I , m m m ’ l m m , , i  ,‘I,m sl’ n atuo at these

A * I i I—n a 1 ,  
- 

l l , m m u u t s ,  A s i mn; i l , um ‘‘‘It ’ d hôs u ’ ’  ‘o I ly been siuggested
-
, ; 2 ,b 11 (23) f uun eval uatum ~uj ti ,’ a’ m u l u S l u ’  O H m ,  O n  u s tiCS of an engmne

,‘~ t iaust sy ’,I,’ m nl dm ’’ l III , ’ u,m’ l , , i l i i ) n u u ’ , j ’ m ’ u ,Iammc u ’ ui the

i n ,  ,, 1 m , . c ’ u m n u  1201 ~ 5 Ihi’ ! ‘ u m l ” u l ’ - n , I  f t , , ’,v I n m u t i on - i l m ’ , i S j ’ t l m - n m ’ [20 )
i - m u  n .  1, - O n - f  Ly

,A~n , m t l ’ ’ ’ ’ u ,ili ve ‘ ‘ ‘ ‘ I i , ,  m l  hu,is alsc n l ; i ’ i ’ n u 5 ,Ii iu~’ ’ S l m ’i,f .
- 2 ~ ‘1 , st - ut ’ ‘ u l - ’ ,’,u nm’ , lr’ ,’ t ’  ‘v u ’  n u b  I ’ m ’ ’ ’  ~ ‘ ‘ ‘ ‘  - ‘ ~‘‘ ‘Is i I_. 

~~‘ 
m um ’ I L wm ’ re ‘ ‘ m u ’ ~m-

in I i-  uqt h 1. 1 m m  ‘ml f u n  (I F m ’ ’ ’  n m ,  i l l - m s  ( m l  u f  u n ;  n ml mu i m m s , the sanlu m fuel—
- , m ’ t I m u u , ~ , si’, ’ m - , l ‘ I m m I  l l u , t ’  am u ul m m m i i i ’  i m , u u u u  tfie tai l

‘~1 ~1m’ . m n ,  f l - m w  ~2.i’ i m  n iu j m n m , m ’ r  in th i m ’ ‘I i ’ n ‘, , , i u m ’  t ’ ’ f  , ‘ u l u l ,i t m l , n l  w m ’ m ’ ’  , , sm ’m b for  ‘ ‘ii i, ‘ uu ru b u u l mm ra t mon ,
H y t i i t t t l , ’ l m u m i l  u m , m m , e ’  I , ’ r m s I R S  mi

u;+1 ari d ri’ ,’’ and

‘, m t i ’ ,  l , m ’ t ’ ,~ m - ’ ’ m ,  liii’ ’ m i s s Sm” t u , , m , , m l  , m r m ’ ,m I , ‘‘ , i u ; l n i , m n y  ‘ m I s  ‘ ‘ I I  7c 11+i ( u n  t ’ n+ l  and Z 0+i I
‘l u’ t ,un m l i ts  u ’  r u u n - i ’ I ’ ’r r im , lii’ u e lm ‘ u I , m t ’ ’ u I  [ 2 1 )  It is fiopecl that these ,~t-

‘ ‘ ‘‘‘u’ Is will i ’vm ’ m u t u i , e l I y  yu i ’ ( mI  s m ’ m n m m ’ e ’ m m u t ) m n i , ’aI ex r~~ s—
I” F~e ’ y n i ’ m I u I ’ ’ u , , , m n ’ I m ’  n s h Im s h u m  the ,i, u u l u s t m m  ,‘ f i , mn , i , , t m ’ r  u s t u m s of any exhaust

- , y s t m ’ m n m  er r t i n  m u ~s mi t its ll e u m m m i ’ t n v  and engine operating
a, .mI  I ’ m , , , .  it lIm O I , ‘st in t urn 11mm ’ il sm m i ,  m , u f  f low ‘ m u  n u m ’ t m m r s
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Finite Pulse Analys is ul line I mumrm l u i mt ,u t mu r e s  is muls o ,u m11 ’ , ,uui v ,mnmt,m ’ J m ’ u t f  t Ire ;

I unite ’ , i’,.’ analysis f , m n  t i re ’  m ’ v , e l u m , m t , u t n n  oh emx lm a im s f mnem m t l u munb ,
m m , , ’ ,,’ w ,is f i rs t  tmnu )Imei Se i(I ii 1 ‘)t~4 (22 ) - f low f l u ,

t mu , u t im n i i s  m m ; ,u t y pn m ,ul t ’ n i u , iu is t  syste lni we nem riot m el  o n e  poin t euuil t in favor t I n e s  , u h m t unu i ; i i  f t  us t hat  it does

gardund us sm nma l I i’m e m , u  mm l ii t i m  mm ’ han dled with I u n memar riot ass urm ne t fiat flu w var nat ens ar m very small I n ’ ’
mm i o i ’ m~ ni ,uI m m i , ’ t f i m i m b s  b b u m i l i n m i i m ’ n ’s wave d iagr aumm s [23) II nimied nut he ennuu ch s mmmalln mr than c ) It bias been
wi ‘ mm ’ used t a In ii en a si ng le’ i uuu I se through sin m m plei m m s t j ihl shed , ho wever , that fi re te wavmm ml he ni ,ts ,u r m

,unm;,u du~~orm t uncu t es A m m ’ , , ‘ rut mmeeutho d for euva l oat rig u odeed negligible in the ova l mi at norm of a mm m u ff lmm r (5 .
smu t mni d , t m ’ n n , ’ m , u t m ’ m l by a rotary valve pulse simulator i l l
l i m b  with turnip! missed air has been suggested (24 ) -

A onim;dnmnieoSeona l gas dynam ic ana lyses of the
mi mi stenad y bl o w within the f low system is perf o rnued to Analytica l Modeling of Real Muffler Configurations
obtain ; a t i n n mm ’ history of the flow var iables 1251 Analysis is ava ilable (6 , 111  for such s inm iplm ; nm m u j f f l i mr

lb conditions existing at the end of the p ipe are phenomena as sudden expansion and i : (uni t n , Ict im ,ni , arid
known , then sound radiated is calculated by an expres - extended inlet and o m i tlet . Commnni erc ua l rm nu b f ler
s ion that seems to be equivalent to equation (25 ) . co nfigurations includ e bends , elli ptica l tubes , and

1 
flow reve r sa l elements , none of which has been

Wc 
~~~ 

A 0 Vc~ syst emsi at ica lly stud ied .
(25)

It has been established [29 1 theoretically arid e x l m m m ri
Accordin g to equation (13) , however , th e correc t nuonta lly that , for tu bes with rigid walls and u n! ,>
expression would he mean flow , a bend can be regarded as equivalent to

a straight duc t , t he meduu nre length o f the m:urveud

1 2 SeCtiOn is corrected inn proportion to k 1k , the nor
Wc = n——- Rc Vc - ‘ ‘ a

0 0 (26) neal pied cercu ni ferentuat wave nemmnebe .ir on t he duct
center li ne , wh ich is plotted in I- t m ) i i r m ’  4 ,

Ac 0 can be found fro m equation (14).
b =

1 11 M1 1 M1

Ac - ~
H0(Mi )l-M1 Y 1j[ 4--y’- R~J(MI~J 

+ y-~-X ~(M u } 
A 1 and H2 a i m ’ the radii of curvature o h the curved

° I M1 1 2 
FM1 1 2 sect ion , With the ; co r rect ion to the length of the

1, 1 + 
~~ 

H0(M 1 )j +Ly~~
Xo (MI] curved portion of the bend, it is thought that

fl o w can perhaps be tak en unto ~ccouflt en th e! sa mu me m
(2)) way as for stn ai q ht pipes (61 -

Thus , the correction to equation (25 ) is
The propagation of sound in el i pt mc ducts without

— 
Ac0 mean flow has been studied analytically (3)1 It

W — 10 log e 0 A0 (28) waS aHiduded that lIven arm,. ’ eiefor moa t ions ~il duct
shape have little ~n blm ’e t on tIm e ’  ceit obf frequency,

With th is correction , the method can be extended to providi ng the’ cross see t u m m e i , i I  area r eumnia ,ns con stant
the exhaust system of untenrna l -combus t ion engines, along the lenn qth , en , refer ence ob all e’,alcu latu o rrs is
the numer ica l solut ion of flow throug h an engine t o ellipses of equal area
cylinder with a finite lengt h of stra ight exhaust
pipe can be used (26 . 271 - Major difficulties arise A mnw rtho d for analy/unq a n y sys lenn e m:e)nlrpo nent with
when discontunuities occur An analysis of propaqa - arbitrary geometry has iie ’enuu developed (3 1 1 , the
lion of finite pulses across ateas of sudden expansions fo rm must be an assem bly of rectangular elements,
has been attempted (28 1 - I he lack of direct experi transmission kiss is caic ei latm id by forming an equiva

mental corrot,oe’ation does not inspire confidence in lent ,ecui * st es h~ it t eurmnu ina l trans ini ission network.

the analytical models , however E ven measurements lhe acoustic four pole constants ace e’,ak;ulated by
of the system containing these elements correlate the f ifli t e elmsrnerit rrsmsth xj it is d a m n e d  tha t “the
poorly with analytical predict ions, The complexity mnirnthod has been applied to wimiplicated shaped
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Figur e 4. Design Chart for Bends [29 ]

l m , u n n , t , m ’ n s  ru , n , , ; l f l m ’ r s  for w f ni , . fm m m m i ;  wave ; s m , lc i t j iumm s v i t , r , un u mi n i  iso lators - m u ’ , m ur rmm , I in i9i:~ with t I m , ’

r m ,  ,t ,mv ,m l i t ,1 ’ ’  ,ueid ujouml ,rI;n ’m .’ m m m u ’ m i t  fn~s lu m ;e ’ m ,  hiumud m t m m v m l u m p m m m m ’ n m t  t ub arm algebra ic algorith nnm .04 J
‘‘‘Ow e n , ti, ’ n , r m’ , t u ’ ti m , ’, , i m m n t  m ’ x t m r ’ r m m m ’ ’ m i t s  (31 1 wr i t in g  Ibm; requ ired vmn l m uci ty  ra t u m > (10) nm t m ’ m m m s , m f

1 ,m ’ m n , e ’ t f u i , ’ f  f ’ m m w m -vm ’ n  us mm , ,t valuul fm , n m m m m , v m m , , n  m m m m ’ , h m , m  imnu l’ m ’ m hmr m ’ m’s m irud ph ase ,.mm mmst , u rut S ol then m ’ i m ’ , m , m ’ n m t s
I mm i ts ‘m ’s, ‘ m ’  t I , , m n ’ m - t I ’  ‘ m m  ‘I, ;’’ t I , ’ m n ‘‘ ‘tI m .,, I ,u m m u m, ‘ 1 Lomun .t ut i mt mnng d h I  te n t , s imm il tanc’ous solutionu cub m u 1 m m  q’ -

1mm ’ ,u; ;m l me ’ , I n - ‘ ‘ i  m m m t  m , , ; t  f i rm , 0,111,1 1 mm i f  ‘ ui ’~u ‘I , t ,m m C mnquuiu t um ~ns or ~m , , ‘ m’’;s,vm ‘ no ‘ m i t  ill,
in ,,,,, i if mu 1-2 In m m sl u r m m m ,u I m m , , ’ ,  is riot rm ‘ m ; i m n ’ ’

m m ’  m mml i,, m 1 m m ’ , ii m It y m t ; ’ ’ mm mm my art e len on t lu m ‘ ‘ ‘ vu l  m u  E l m ’  - meulu ‘ u I  a s O ’ ’ ’ ’  Ii, ‘ ‘I m ‘ m m  m m m l  I t  ni thu ‘ e ’ n ut i re ’ fu l  temr ‘ m m ;

n m ,m f r n - f m - m m ,  , m b  fu r ’ t y~m, .’ ‘;b,, ,svm m in n I , m t mu n en In , t fiu us I,,’ ‘;e’m’n u (:35) - Ihuis ,ilulunithrui Im ,is ln m’ e ’m u mu sem u f n m
I Im- ’ , . ’ m;m m u l m I m n , m t m m . )rlS in ’ ’  k m m.i w u 1n, I ’ m ’  vem r y m ’ b Im,  m m m l ‘ I ’ m  mv ’ m , , , m m , m ’  m ; ’ ’ n u m ’ r , e i  , m t r I m  bc> r t im , ’  s y n m l l m m ’ c i s  , , b  an;

, mm ,, I , m n m ’  ,‘~u ’ t ’ ’ l y ,‘,m ’ ,i ri I lm i ’ am it o m n , , , j m vm’ mn n mi mu s try m m m , m , ’ , t i ,  ii fi l ter (361 - Kjrmmo; i ;m t ile r ve t  thrm symi-

t i m ’ ’ ’ ; , ’  I m i t ’  -m um m m  f u n  t i uluum l a r n nui _ i l f lm ‘ m m , ( 0  / - (. i ’ ve

t , v ’ ’  t r i m , ’ ,1’’! ‘ ‘ m m ’ ’  ‘s j i, j m u v ~’ l m ’ ’ m - n m  ;m’ ,mi rl t u  n , , , t f~
I)Esl(;~ 01 ‘~~!~ EXII .,~I:S’ l’ MUI’FLER t h m mm sm ; ‘ n , l ’ ’ r m , i  h u n  ,u m , , t i o m m , mI  m u v m , t l um-sms  ,f ,j m n ‘~~I m , i i m s t

ml i l l  lmnr ‘,s m l In mm mc mi , f lu mw ( 12 1
‘ ,t m - ’ ,’i ,umt 8) ‘ I r ’ ’ ,,,~n , m ’ mi  m ’ e n . , m n , ’ , v , m m  , b m u m m m l , m ’ r  n n m u m l t l e ’ n ’ ,

I e ‘ ‘ nn ,rin f ,u 5 m m m u ‘ I u i ’  n m - t m  ‘r h um - ur a h u m  i t i  in , ’ ‘n m m ’  m ’  i f , ’ -  t. ”~u i I mi (if i , i i m n  I n n  m m  n i l  u rmu l  Ii. ‘n us t f r i  a mt I ‘ ‘st
emi t m d t m  , t i , u n r m m - t m ’r m , j f , e ’  ‘ ‘~~I ’ , i m m ’ , , , m m ,  m , i m ’ u h e - m l  t in ‘ ,m ’ n nu im m u ne ! ,. ml r ’v r ’ mu ‘ b u y If , , ’  mlm ” ,,m l mn f m m  , - m n,, - i m’ mm r

l e imr  ~‘d ~u, m m  ‘I ‘I m u m, ’ e -  urn t In ”  low t m r s p , r  -mm . lem nn it I ’ ,, ’ m ’ ,m i n m m m l  I l en I, m m m riot , m y, I,’ 138 ) I mmm i b , r r  r ms
I f . ’ , mjri~ Ir;’ I ~ ‘,‘11u’, v - m y  mm i~ ‘ m l  t m m ’ ’  i m m, ,- , , I , u m , t  iu,il I ‘ m I  t Im is n m  ‘ , i rk  Inn m m ,  I ‘ ‘ in; , , - i u ’  I n ,m , r ‘m ,,; m m u m ’ m m annu m

m e;  mm ‘ r u m  - ‘ l Ie ’ ’ I rem mu’ , - m m ’ ’ , m t time’ fu r  mmii i In , ’ . ;  ‘ ‘ mum y ,i f m ,  m m  r n - , ,  mm , ’ I ii’ ;m;r s t. 1 ,m ‘I ‘ m t i m , ’ r ‘u nit s u I m ‘ i i ,  - n
fm m’ . ’ m, m ~~~ - v~

,I men ’ ’ l ie ’ ; m n . m m  1mm, t 1 b i n  ~uniy ;me J ‘ m ‘ us is m , 
m t  I’ ‘ ‘t ,si, mt m v ’  n ‘ - tie r m r ’ . ’  m m ’ , , the e U ~, [i, ; em

‘n ’ , ,m ll m’ nm. , m, O l ‘~ i mn Iii,’ m m m r ’ u  u - m t  c i  u ’ r ’ m ’ ’ r , t  m u o n , ., ‘ n , , - m , t  ‘ , ‘ i m , i m m - , t ’ u m m t , m t u i m n m  I ’ m ,  t um s ummi m l  a ,‘5 ’, t m ’ n , , , i t u ,

‘‘ ‘ , m n u m m r n  1, 1,1’, 1 i e l lm w mrn .;  , m - ,y .t~ ‘ ‘ ‘ , m O i ’  ‘r’ vb y , e ’nm ,e m n e ‘ ,, m rm l u , u i ,unmv e ’ st ,’hy ‘, f ,m v , i m i ,m i , le ’ sule ’ n i i ‘ i -  I I ’ ’ -  m , - ~ ’, i t ’ ,

‘‘‘ m um ,  I ’ m n m n , m m l , m  , armm f n ‘ i n v ’s ms -mn.- ‘ I ’ m, c m l  hr. m n nn , la nu e ’ I ii) , . 1 m m sim , uw t ‘ m m  - ‘ n - i ’ ., ,n ‘‘ .1 ,u, u um m u l i n im ;  t m r  ‘

,v,mvm’ the~te r’y ‘ Ii  ,m\II mm ’i is’ mm , I Oil i m m  iuui i t  -‘ I , m n , ’  m ) r enn ’  ‘ m m .  t m -m t I n  u te e - i ’ I im .m ~u ‘1 1 ]  - n u t  t i m  ‘ .1 • m  m m ,  st
isv i n n , ‘ I m  ‘ye ‘Ii)I r i n g ,m m i m ‘l it im m u n e ’  ‘ m u i r , ;  ‘ m , t ’  ‘ m n m , , ’ ,,’ 1, 1 t r i m ’ ~ it ni II ,, - It S vim ‘‘n. r u  / ‘ ‘ m t i m  HO

‘n ’ ‘ ; r mr I, In mm r u m ,  . ie’’ , , ’ i m  , .1 ,u t euhm e , I , um ‘ m m m l  II. n t im , ’ ,  , lffi\ vi m ’ , , ’, u u nmm n umu fflm ’ m _ l mm , , ’ , ’ ’ I 82 t im 1 (1i . il~A in p u t
ie ’sm rt n I ‘ i ’ m Im ’” ’ m , s u m  ‘ e’ s~b m mll y ii ’.’’’ I ) 3 0) 1 .,’ f i r  Ihm ,it r u n , , , ,  S m n i’” ’, m ’ n u m p , m m  ‘‘ em , ’ ’ I’ m m ,  ‘n ,ull ’v ‘ ‘ i c e  ‘ t r m  n h e m

‘ ‘ i j , , r ‘1’;;, t ’ ’ -,’i ,mr ’ I , m ‘ , u t m ’ f , , m I  ‘, y r m t l e e ’ s m s  mi f , u mmm i - , num t f mm’mr e . iuiu n ’ ’ ’ - n , ’ - u r t ’ ,

h i t  is , linea r mI y ni~n rumm fi lters , ire ‘ t i n , , ;
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Figure 5. Typical Commercial Muffler Confi gurations

(A ) \ ( :l~1 S l ()\ Sonnne nb t hin ;u r, ) t; l m ’ m m m s  ,mm,v, m~h u r m i ~ it  t ’ ’ r m t u ,  , mm , ur ’ ’

m~,’ ’ im , -  I,~’, n f i r ’ - . ’ or I , , m m ,  ‘/ .‘ , um s , ‘ m m - m u ’  I , , u v i ’  i , , ; , ’ m ,  • , m n m ; m i y t i ’ : , m b  m m i m , l’ ’ I ir i j , , f  m ; Im ’ n n ,e m mts  u r m ’ , , i l v m n m , t

~‘ ; r . ’ I u m . m m u t  m l i i ’  ‘ n ”, m m I f , ’ ’  , u m , u l y ’ , i -  mm m d ‘Im ” ;, i ;r m I mm ’ve .mrsa l of I l ,mw m r t m , u n m s l , ’, .1 f low 1 1 m m . ’ ’ ; ’  in

. ‘ v f e ~ ui - ,t ‘‘ ‘ mUi r ’, T m , m r , - ,mm , m s ’ ; u , mmi lui~s ,,I m m , ‘ ‘ x i i , m ,,’ ,t 1, 1 ’s
- ,,, ‘‘l ’’ r w ,ml ~ mn ’ , ’ , um ,  f ! ’ , ’ ,v ‘ , um m t u m m  ‘ m l ,  ‘ m l , m t ’ ’ i h  ‘ ‘ s m ,  t l y  • m m m l,.  m , , n ,  of  t i m , m  u m , , , m , t e c  ‘ f i , m m , u ’  t ’ ’ n m s t , ’  s u t .ini

m’y , . , m ’  t m ,  if - i _ u i, t n , ’  ‘, u I  , u , m m ’ m m ’ ; m m ,  m ’ m ’ v i i , m ; m ’ ,t n; y s t m m n m ~ ,;xiuaiust s’~’st ;m n m i i m m ’ ;ms t ,m , i I if ‘m’ l i mm t ’ ’ n ’ ,. i ’~~i’,,i m s t

f , ’ ’ ’ v , m i ’ , , m b ’ ’ r t ‘ - . ; ‘  ‘ m m ’ ’ m , b , , l I y l b , ,  ‘ ‘ , m m l , i l m , r , u t u , , n m  v>ulves , u;xha must mm mao u f m ,ulc l m m m i  . ‘ e i , , m mm , I m ’ i : ~ u ’

- ‘ ‘m n n - i ’ f I t  I ‘ , , ~i i m m m u~ m I f 1. -n I ,il i h’ i i ’ - ’ . 1 , 1  m m , ’  mu • mm u od e;Im m II.,’ ) m ’ , t s m m ; u t  mi mum il b u n u n t n ’ .‘‘ I m m ;  st

-u l ly  tm, n ’ , f , ’ , i , m  n ’ ’ ’ l I i’ ’ r  mum . I,’’ ‘ l’’’ . , ’ t m , ’ ’ i I ‘‘‘ . ,ui t l y  buy u tu l sm ’ , wut lu t I . ’  1 m m , ’  , , n m t i m m ~, m t m u ’s ‘ bm , u u ,m , tn ’ n i s t m ,

‘ - - i ’ ’ - , m l  -u ‘ f i i ~i m , m l  ‘ ‘, ‘ i ’ ’ m t ’ ’ n  m , m . I n , i m ’ . I”, - ,l m m t  Inas i~ b nu m , , m , , m m l i ’ m .  m l n m m , u b t l m n

t h i m ” m m ’ ’ t , ’  ml i u ’ ’ I m ’  t , i , m m , w u l f t
. um i i l y ~ ms , u I  m m i i ’ ,’’ t h e n womu ld i,, m ; e n mm T l’mm m ‘, m u h m m I m m . m m  ml t I m ’ s ’ m r , u l , l , ; n n ,s  IS , m l . m m ’ m u ’ ’ O m m u s m t u ’  t ,,

- ‘ i t ’  - ,  1 -  y m m ,  m ’ m m , ; . m  , , ‘ m ’ .i m m m i  u’ ,t ,~~ , , ,  then f mu m ssmh 1,’ .I.’vm ‘ l . , ; i m n  mm ml m l i ,I ,u m ut uu)nu~l m mmm i ,‘ub mi ne ?
f m m r then il unn . m ’t mu ol ‘flu , uemn , t , ‘ ‘ ,i m, mmm m , t m ’ ; , , f I I , ’ n ’ ,_

30

—. - — --,__ 
~~~~~~~~~~ — — — . 

. a



11 - Al frm ,mj suun , R .1 . and ) ) . mvm ’ ’ s , P O.A.L ,, ‘‘ Pm ’ r hmr
nn , anm:e ‘ ml Exhaust S , I ’ m u mu .e mr C .mmu i n , o mm m ; mm t s ’’ J .

u i i l l ’ i i , , S I , H K , m nu , b 5, ‘, It , W .N , ‘ Motor Vehu ’ m m Sou nd Vub. ,  15 12), pp 175-196 (Mar 22 , 19310
N i - . ’  So ‘ - ‘  m u  Iii’ lu i i ,, mm , m m I ’ m  m t  ,, .s m u ,  I Depen -

‘ m m ’ ‘ ; p , i m m  1 I i ’ ’ ’ r , m t i n ’ , n  l’ , m m , u m n , u - t u ’ m s ,’’ J. A’ ‘ ‘ m is t  12. Mmun l a l , ML . arid T fm , i w mu ru i , P [ ‘‘ Ii ~’ [I f’’’ t .,b

- Amr im ’ n  58 1 1 ) . ‘~ ‘ 1 10 (- it uly lU/ b) . ‘, Mean F— low and F x haumst Sy stm ’mm ,,ru II ,,; F - m r

born m uance ,t Exhaust Mm .uff lerit ,’’ Nat i Cur b
2 H i l l  I A m m i i  P” rry, R .D . H., “A He’vum rw ‘ ml C, I nqi nes C m , l , i m s t m ’ , u m  ) ) i m r l 0 , i t ~. mr  ( lndud l,

V I’ ,, I. ’ N, ‘ m m, ’’ St m i i i ’ s  Cam r i ’ ’ ]  Out mt the l m m ~ t u  P,u~ ‘‘ ‘ r \f 1 ( I  m l ;  19 7 1))

‘ m t ’  ‘ ,f S, uu m u , u l ,m rm, I  “J mhra tuo n li’ ’ m ; u m , u m ’ H w it Ym
to 5’ , m n  m u ’  U’’, .mr m t Pm” ,’ ‘m ml i  I m on F-’ -t r id 1 3, Lam ml j e m r t , R F , ‘‘Auum St F I t m ‘ m m r u o  in ,j M’ , vumm ; ;

mu; r r um ’  N ’ i m s m ’ ,’’ .1 Sound V i ] ,  - 28 131, PP 43 Med i i m m r , ,’’ J. Am moist S,r’ A i r ,, 28 ~m ) , ;up
. 17 ’ I l . l ’ m n u e m  8 . 1973) . 1054-1058 (Nov 1956). 

—

3, (,m,,v ,’r E C am id l . ,ul m , r , N,, “A Review of Low 14 . Hirata , Y . and Pow , T ,, “ Inf luim mnce oh Air I law
NoiSe Diese l E m u m ; m r m , ’ I ) u ’ sm i o mm a] ISVH .

“ J Suund 
on the Atten u ation Cf mn m ci i t ” r ps t , ’ .s of FO ’ - ’ , ’ m rm ,u tmm rVm l m , 28 (3), ‘~ ‘ 403-431 (June; 8, 197 .0 ) .  
Ty ;umn Muff lers ,” Acust ica , 28 (2 ) , pp 115-120
(Feb 1973)4 . Munup>) , M H and S rene muatbu , A .V ., ‘‘An alysis and

[_ ) ‘ - n mu , I nm ‘f  E xhaust Mufflers - Recent Dmn v m hi j o ’
- 15 Shrader , J.T , and Pruadka , N., “Truck No,s’:a u ’ r , t s , Slm,,, Vm b Dig , 5 ( 1 1 ) ,  pp 2 1 4  (Nov

1 ) 1  0 )  IV -D . The Reduction m ub Intake and Exh a m ;s t
No ise on Heavy Duty Diesel Trucks ,” Rept,

- ., DOT/DST-]5-14 (Oct 19741,5. Abbrcdso n, R,J, m m ,, ]  Davue ns , P.O.A .L., The.
Radiation mu l  Sour.;] f r , , i r i  an 1. nmm ; imum n Exhaust
J. Sou mu m l Vm h ,, 13 (4), ‘ o ’  389-408 (Dec 1970) . 16. Irum ;ard , U, and Sing hal , V , K ., “Sound Attenua-

— — t ionl ru Turbulent P, 0 i~’ F low ,’’ J. A’ ‘.omSt Soc .
H Munjal , M.L , ‘ ‘V ’ ’ lam i t y  Hat,,, ,.,;m rm - Tn , u m is b u m r A mmi er ., Hb (3), ip 535-538 (Mar 1974).

Mat ris Mmmthod for t i ’ , Eval u ation tub a Mu ff ler
wi th , Mean Flow ,’’J. S’, ;;nmm l Vub ., 31-0 ( 1 ) ,  pp 105- 17 I m ’sjard , U. and Sioghal , V . 6 , ‘‘ Effect of Flow
119 (Muir 8, 1975). 00 t 1,,; Acoustic Resonam-uces m l an Open -ended

Dim , .t ,” J. A, mm i u s t Soc . Ammuer ,, 58 (4 1, pp 788-
7 , Mechen l , F ., Schil, , ‘/V. ,  and Due nt ,-’, J,, ‘ ‘Ak u ust i s ’  1 mm ’ 793 (0’ n 1975).

l r m ; O mu n d ,u rm,  rnmnm ;r Lu f d ; mm , . f m s t m , , , r m t m n n u  Of fn um nu q,’’

A’ um sh uc a , 15 , ‘p 1(61 2(11 (1~lIi!uY 18. Kan t , 5,, M mun jal , M,L , and Rao , D.L. P,, “Waves
ml l O r , u m m m  l m m m m t  Hydrau hu . Pmpm ’ s ,” J. Sound V ib.,

8 5, t m ’ w.irt , O W ,, “A’ a must u i  Wave Filters ,” Phys. 37 (4) ,  pp 507-519 (Dmtc 22 , 1974),
Rev 20 , 1;;> 528-551 (1922).

19. Ka thm m r iya , M L .  and Munjat , ML, ,  “A u ,m ;r a t m ’
‘0 Davis , Jr ., D.D., Stokes , M., Moore , D,, and Metbuod for the E x o im ’ r m umme n ta l Evaluation of the

S t y ’ , , ’ ,, L., “1 I r e n , m n . - t m ’  ,uI mend Exper um m uc ’ rn tal In- Acoustic lmtup eda mn ce of ,m Black Box ,” .1 . A oust
v ’ - ’ , t , ’ l ; u t n m m n m  nub Muu bf l m ; r s with ; Cor r urmuim n uts on En - Soc . Antn er , 58 (2),  pp 451 -454 (Aug 197511jun11; F~ xbn aui s t Muff ler Design ,’’ NACA Rmmpt - 

—

119211954)
20. Kathuriya , ML.  and Mu nmj al , M.L., “A M.’t bm o , l

1 0 Mm >r u l , JI , M L , S m m ’ m ’ n u a tb , , A V ., m u d  Naras imn ihan , for thin Experummu . ’ nmt ,u )  Eva lt ia t iom i of t h ue ’  Acou stic

M V , ‘ ‘V mn hoc ity Oa t , ’ ,  mu Ibm ’ ’ An aly sis of Li mu m ‘ ,ur Characteristics m i b an F rum iun e Exham st Sy sten m u en
- the Presence of Men~ t u Flow , J, Acoust . Soc .Dy na r m u u. _, mI Systm_’m n us , J. S o u n d  Ve b . ,  26 (21, 

-
p; 17 3 - 191 Darn 22 , 1973) A ns uer .~~~~~ (1976 1.

31

- - - — , -“ - a~-~~~~ ~~ -



21 Miu .e~~l , M L ,ind Kathureymi , M. L.. ‘‘Acou st ic 32 Alf netdson i, 14 .1 , ‘‘ 1 he i)eseg rm ared Op! e nnm m , a t eo re

Chanactem ufat ioru mt ,nm I nquri e F x hamusf Syst em mi ,” ut I xh ae,sI S u l m m m m .e ’ ts ,” Ph i). I hum ,sis , Univ Sou t h
I hin d Natl Cont I C I uqemies Coini busteo ni , armu pt o n , F riqiand (icily 19/0)
IOu m e m r k c ’ e ’  I In imica l, II ) m ’ m 19/61

:3:3 Wen in ac mm tt I .J , ‘‘ Lower I xhaust Noise from

1) I ) ,cvme ’s , I’ C) A I , ‘ ‘ I  lien i )escq re of S m I m ’ nu m i n rs for 13e;tte,r Seiernc er t )mt sug n Tetch niq iumr s ,’’ .J . Sound
lnmtnmmnmal Comnm bust urn; I nqmiws ,’’ J . Sommnd Vub. , V ib ., 3 1 ( 1 ) ,  imo 1 / 26 (1914),
1 (2 ) .  PP 185 701 (1964 )

34 Mmmn ~al , ML . .  Srm te riath , A ,V. , and Narasimhan ,
23 Rudmr reje r , C - Nonsterady Duct I low Wave Dma M V. ,  “ An Algebraic A lgor et hnn i for t h u  Design

‘ ; m a r n ~ Ao~ lysi s . I)i~ t r (1969). arid Anal ysis ot Linear Dyrua m menc a l Syste m s ,”
J. Sound Vub .26 (2) . Pp 193-208 (ian 22 , 1973)

24 Blair , 0 1’ arid Co,ites, SW. ,  “ Noise Produced t )y
ij r ns t m ratty I xh am us t I t f l m i x  fronnm an Intennal 35 Meinjal , M I , ‘‘ A New Approach to the ; Analy-
( m i m mi b u St m mmi F nqune ,” SAL 82 (7~~ 1 60), p~. 65 / - s is and Synthesis of Linear i)ynamica l F miter s ,”
i,/ h) (19/3 ) Proc. m d .  Nati . Sci , Acad. (1976).

25 Blair , 0 P and Go m mlbi ,rn m , J H , “An Unsteady 36. Mun;ai, M L ., Narasi nn ihan , MV. ,  arid Srete nath ,
F low Analysis of I xhaust Syste mn n for Mu lti- A.V. ,  “ A Rational Approach to the Synthesis
e ’y hinde ;r A umto nsi obi ie F nej ine ,” SAE Pne’pr ., ob One-dimensional Acoustic F ulteurs ,” J. Sound
18 (690469), pp 1739-1155 (1969). Vib ,, 29 (3), pp 263-280 (Aug 8, 1973)

26 Benson; , H.S , Garg , R D ., and Woollatt , U., :ti Karno;ip, U , ‘ ‘ Perfor m miance of a Class of Hemac-
“ A Num erica l Solution oi Unsteady F low tive Muf flers with a Voi um mme Constraint ,” I
Problems ,” Intl . J. Much Sci., 6, pp 11 7  144 Acoust. Soc . Amer 56 (5), PP 149:3 - 1496 (Nov
(1964). 1974)

27. Daneshyar , H., “Nu m erica l Solution of Gas :38 Roe , 0 t , “ the Si lc ncn im g of a 1—fm q h Penr f o rnre ar nc c
Flow throug h an Engine Cylinder ,” Intl. J . Motor Cycle , ” J. Sound Vib. , 33 ( 1 ) ,  ~~
Mech. Sci. , 10 , pp 71 1 - 722 (1968). (Mar 8 . 1914).

28 Coat os , SW.  and Blair , G ,P , “ Furt her Studies 39. Hunt , R I . .. Kirkland . K . C., arid F6uy t en , S. P
of Noise Characteristics of Inter nal Comm n bui s “ Truck Noise V i A Diesel F x t i aust and Air 1mm
lion Engine [xh aus t Systems ,” SAl Prepr., take Noise ,” It i;; mt DOT TSC-OS 1 i :o 12 (J u ly
83 (140113), (1974) 1973) .

29 . Cun nrniinqs . A.. “Sound fra nsmnissio n in Cmj rv rxj 40 . Donnelly, T . ,  Jo kar . J. ,  and Wagner , W., ” Truck
Dum,’t Bonds,” J. Sound Vib , 3~ (4 ) ,çmç i  451 4 7 /  Noise VI B A Base liri en Stud y of the Para rimeters
( A ug 22 , 1914). Affectin g [) mems el I nq inem Intake arid 1 xh aust

Si iimnc eur [ ) mn s mq n ,” Rept , [)OT rsc oST-fl -38
30. Lowson , M V . and Baskaran , S., “Propagation of (Jan 1974) ,

Sound in Elliptic Ducts ,” J , Sound Vib , :38 ( 2 ) .

PP 185-194 (Jan 22 , 1975). 41 “ 1 XII’! Ril Sound Letve l for Heavy Trucks and
ifimses ,” SAl ,I :o6(~

) (July 1969).
31 Young, Ci . and Crocker , M i ., “Prediction of

Transmission Loss in Mufflers by the I mim Ic ’
Elem ent Method ,” J , Acoust . Soc . Ar nnemr
5/ ( 1 ) ,pp  144 - 148 (Jan 1915).

32
‘4



BOOK REV IEWS

VOLUME I , STABILITY OF MOTION . VIBR ATIONS AND AERODYNAMICS;
VOLUME II , STABIL ITY AND V I B R A T I ONS OF N O N L I N E AR SYSTEMS

(Tom I, Ustoich ivos t c lvizha niya ko lebaniya aerodinam ika ;
Tom II , Ustoichivost i ko leban iya nel ineinykh s is t em )

(;. % . Karnenkov
Moscow , I / ,iilels lvo ‘‘Na m m k , m ’’ ( 1971) ,  ( 1972 1

The two vol u me ’ s co ru I , u , m m ‘‘ se lecte ;d papm’rs ’’ of periodic ,.cu mm l l m , . immn ; ts . A n e m , m a r l ,,u],]e puu bh ii . mt ionn ,
G V . ~- a m m u , ’ m , k ’ m v  11907 1966) and a 1 0 - ; m , i i ; um su m n u- f i rs t  given in 1953 , deals w i th  il’’ s tab i l i ty  of mimoti on
‘a i ry  ol Ihm’ sm . m . ’n lmlmu _ work oh thus S mmvu mm t  scie m nt i st in a f in i te unterva l of t i n r i e . Furthuer papers dual with

The ‘ mm st pa ; ’ m ’ ms ,urm’ , Im mv umt e m -j to prub lemr ms of aura- nrmotmon and st ,m bil ity of aut000mm uous amid ruonamitono-
h y , . i m n u m cs sum - h is , bun in s t anm i u m , t hueminy of fl u id rem- ntmous nonlinear vibrations.

Sm ’~t, m rm ’ mn and th m n ony m m ]  , m mrb ;uils

Many imb the t i m ; i m n .s ,e p l i m m d r several t imm i m ’ s  ml i ] mbf e rent
I .etm’ r is - a u m tb u ,. r was m ’ :tmvu’ om ’,m n ly m ’ s ,  l u isuve ly  in the papers; t f m m m m m n h , u m u ’ , t f u i m  last ones s ’ m ’ , n r m to h u n  the ; roost

‘ - 0 , 1  of vmbmat i o n~ arid thmm ’ m m t y  ml ~t u ) u i lIty He’ bias imnlp ont ant ones as t he my contain the af msn m ; iu t if all

w m m t t , ’ r m  a mnon uugra ;if u [‘‘On the stabi l i ty  of nn , , mtuon ,’’ nm ;su lts found bmu boru ’ . Sm , rm ue o f 9 m m  author ’s mm ,mn th o ds
A ’ ’ n , ’ r m ,m ; , tm ,  ml l m m s t u t u t m ,m m b Kasa n , 1939] , wh ir.h us have b’ncon;me sta nda rml nuue;thoui s Ion them ,m i v ’ ’ s 6mj a t uon
re m p m n t’” ] ri tf um n sm ’ l .a ;mmm rs T i.; m ics of this thm;or m ;tim mal of m ; o n n l mm um ’ , u n syst ert us .
,y’,r~ u n  t hum ; ‘~t ,mb i i u ty  uu f m n m , u t n ’ m n ,  , m n m n  u r ;v e m st mm ;a t io ns ul
‘- m m ’ ’’ al ‘ use’ ’, ,um iuj c rutu r , -ml i ,m sums syst e ’u ,ms wmt t u r louuhmle ’ ~ M,u’~n ums , (~~‘ rm i , mrm ’ y
im’ ra rc , ’ mt s ,umurl w ith i m m r . m ly mm ni ,ui; in ar y rn ,ots , be ; h , m vmmmr Cm um ntm ’ sy mu l A ; mp l um ’ mb M’ ’, hanu ii s H u’ vue -ws
oh syste ’ mm ns in th e, vi ’ rudy oh stability hi ’ , t , ] m mn , ‘,t,iI,il-
tv ml ‘ ‘ ‘ n od,’ motions , and ‘ ,r . u lm i l i ty  oh systm ’ m mi s w i th
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NOISE AND NOISE CONTROL
VOLUME I

M.J , Crocker and A,J . Price
CRC I’m ’s’,, Inc ., C]e mvel~mni d , Ohio 19/5

Dm 5 is , imm ,, tlumn u in t h u , s ç m m mt m n u _mb b u , e m u m f]) , mm ) k s on noise One flaw that ‘ ] m s t m m n h m - nm l t his ru ;vum _ mw e mr is the t r , i t m r ~u mnm ~
m m  , m u t m  a I t hat hu ms m ; ‘u ‘ ‘ m a re  mi ml the last several years , o f responnse to vubnat ion . Work (If Muwa and D m m ’ k
As ,m 3 nm,I u tm ’ al ] m , ’ ’ u k , b m , we ’vu ’ r , this is m o m ’  of t l ,m n l u c ttu n r mmuann on ‘,mm] m l m’ ’ live response us riot n m ~’ nm, t manmu ’ d , tbm ’ m

mumm e m S , for ml is , , ‘ n ’ t m ,m, t . cleanly wn ittm ;n , copi omis ly Reihc’r Meuster ‘ rm t m’ n m , e ‘ ml 1931 are ‘ l ivm ’ ml u m , s t u m a m ]

m ’ ’ lm ’ r ’ ’ mm , ‘ ‘ ml - we _ mIt m m m l i ’ ’ , ’,] and wri t tmmn by amut hors Only one retmort on bu ul du n ’t m ] i i m m m i i m l m n  us m m n l ’ ’ n e ; uu m em] ,

wi th ] u , i m~ ‘~roum nd s u ;mm cummupa ssing a’sm’mir ( bm , corusultun g, and no u mu m -m otmo n is m m si , hmm , hon ‘ m ~~rJn ’] m l u ’ , ab nxt u ’mm sm v ’ ;

,mmmm l . ‘,] , i m ] m m m ; y  tmm s t s  ‘ ml  the U.S. B uu m m ma uu m u l Mun’’’, mr m , l  work in
Eng land and Canada.

I l m ’ ’ m  ‘ -mr ’ l uvum , ‘md ~m m m  i luapters
On t I m ’ ’  whole , hc wev mmr , given; that ‘‘ Noise control

- S u nmme ; F unda mnne’ nitals of Sound and Vibratio n us not easy anmd I h m ’ rm ’ , m n e m no mmm a u t nm :  answers t t u ms
I I .  Huim uuan Hear irug arid Subjective Restuonse book provides substantial useful mn bor m r u atu o n for the

t i m Sound practitinruer
Ill , l nust n m mmm m e .mota t mm unu for Sound and Vibration

Meas urenume .mnt
IV Aco ustics of Encl nsumres Cluve L. Dyr mu

V. Architectural A co m ust i ’  S Senior Scientist
Bol t Beraneik and Newmru an Inc .

The t m m ‘,m tn m , mn r m t is mriodern , ~od mt a leve l that requires 50 Mou.il tan St rm ’ m ’ t

rum mw le nm l mjmm of so mmne m nathmemrm a t ics , a lthou gh the book Camm;hm S ] ‘~mm , MA 02138

is mm , it at t hem level of d i f f i c u l t y  of Beranek’ s volu.im mue ,
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~ Vibration activities and events
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mb rv lach innen’, a,,,] Mechan isms mm un tm ,m ’ ’st -_m ,- i tb ’u o;li , ’ r ’, mmi vm _ ml verJ in ‘ ; m m m i t . u n

I ,~ ‘h u m ’ -  i m i t , , n  ‘ m e t s , , ,  ‘ ‘ ‘ r i t a ’  t
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ANALYSIS AND DESIGN N U M E R I C A L  ANALYSIS

77 .) $j 7

ANALYTICAL METHODS % a 1s’~,~ and I)esI~n ~,1 \unme rical Integ ratlo i l Mrth-
501’. in St ructural I) ) naniws
F) t .1 Fb i I ] m , ’ r

— . I t i’ I an t f i~~ u u. ii e ’ I m uu ; m m
~ 

I ’ m  ‘ e m  Ii C’ n u t ,  ‘ r , I_J o, i - ‘‘I (di l l  - un

- ‘ - . - ] eny ,  ( :A , l I l t  N -u I I PC 1’ “1 107 Id’I)et ertnsnatsmn of I..gcn~alues of I.argr Str uctural
- ‘ ‘Nov l I /I , )
i’isaleiisi, in an Arbst ’arih Spcs’ifwd Range
M K - ,mul P13 ‘ m u /I -110

[U S N~, . ‘s in tr i m Sin , F t im, ’ ms s mu , CA , mill m N i m ’ u i . ’ m
‘.1. 1 ‘mm ‘I’ . I mmm ~m 11 , n ‘I ’ 81)1)1 1~1 I 1477 1 2 Iiu; ’ ; 2 n , -bs Key Words Earthquake res ,Oant structures , Math emar m ca i

m odels, Numerical analyses

Key Words E u , i e ’ m , v,mi ue p” blems The oh 1ect iv e of m hus work was to develop one-step methods
for the integrat ion cml the equat ions of structural dynam ic s

Foe’ a iatqe Oructe ,mram system of gu am bandwidth a mechnmque wh ich are bA l uncond it ional ly stable , 181 have an order of
co mtonm nq linear interpo lat io n n,n m m , ,’ characteri s t ic poiy accuracy not less than two , and IC) possess numer ic al dissipa ’
nommal and su ppression of its previously determined roots non whic h can be controlled by a parameter other than e’ em
by deflation can be used to determene its emsj env al ues. The time st ep seze In particular , no numerical d is sipa m n ’ m nru s t
eigenva lues , however , have to be fou nd in order , beginning be include d , Four new families of .-ml qo n ith ms us discussed
from either the lowest f or the h ighest) to obtain monotonic from this point of view , and compared w ,ih algorithms , such
conver gence to the pol yno mial roots. A menhod which as the Newmark , Wilson and Houb o lt methods , which are
eliminates this restr ic t ion is presented in this m e .m,i e u Some commonly used in structural dynamics and do not ac hmeve ,
consequences of the proc edure developed in thi s paper are the se requirements.
al so presented and it is sh own mhat the sta nd ard deflation
technique is a ~mec eai case of this procedure The method
has been ~~plmed to a wide range of problems w ith success
and cons iderable saving in computation time. STATISTICAL METHODS

(Scm, N ,i m ’ ,141

77.14 16
‘\ Stud y on the Forced Vibrations of a Class of MODE LING
Nonlinear Systems, with u\ pplwati on to t h e  I)uff ing It,,,” N’,- . 14 22 , t i .’ 1 1447, 141am)

(Aj Uatio fl . Part II: Nunierleal Treat isi ent
F’) Rmmj ~nit i
I’ ,;itij t o ‘I, Menu ,,..o meu .1 I l,,.’i (mne ,i ]e, , I’’)lm t , ’m , mm i u ,i) (Ii PARAMETER IDENT(FIC~ 1TlON
T m  in ’,, Mm -n , . i n , mm .,l , 11 12) , 1 ’ ) ’  )31 (38 ( . l munue ’  197( i]
9 fmm ~s , 2 r , j ] m l en n ., 1 0 m b’ ,

77.1 4 ( 8
Key Words. Forced vibrat io n, Ouff i ng s m l mf fe r entma l  equations Identif icat io n of Vibratin g Symetenis (is (.cnc rk’

Modelling w j fk an A pplication to Flu t t e r
Numer ical results on the wave form , the amp litude and the P.1 H ,]’ ”, ,mnd U A Il . ium . l
phase at the steady state ,i,lut,o n, of the Duff i ng equation Ins t  i t  Sm u , mnu ,l , i tm ( i V m t m r a t u u n m  Re’sm ’,m nu Ii , Sm , u m lb m j mmu j m t m m m uare obtained in ;h e~ paper. The stead y State vibrations are
studied by a procedure of dire c t numer ical integration based t,inmv ,, IlK - 13 mm ; ‘ t No , I NV I--1 FR 79 , I’ l l ; ‘ r ’ I Nm mv
on the Hunge-Kutta method , by calculating the approximate ill/b)
,olution of the equation wh~ h is obtained, as a particular N; ‘ m mmi ’ , ,  m e ” ]  his’ II,,’ I II’”,m ‘mm ,  I, Counm ml ,inm,i Sm” m e l
ca se from the theory developed En Part I, The resul m’ . Oh- lu m 11’ “,e’ , em u Ii Conu; m m m l
tamed by th e two methods are compared and tested by the NP / i u18
results of other authors. From the comparisons it appears
that th in theory of Part I gives sat isfactory results also in the
cues of st ron g nonlinea rity of the system . Ke~e Words - Sys te ,rr identif ication , Flutter

“U 



W hi . aim of this paper is to indicate how recent mathematical 77-1421
wee d. on qual itative dyn amics makes possible an accessible Underwater Fluid-Structur e Inierac t ios.. Part II’
hut r i oro us synthesis of she intuitive , theoretical , and em- Mt’i’hani~~lIy-A p1il~~ Iorcespirical .aipects of certain engineeri ng problems. This leads to

L H (~hcrm o mu j ~s1 (‘ m e t  m e da new , and emsal il in approac h to the probl em of the identifica-
(‘ ‘mu n i l  uyt marn i l m :s I ] m n m t r m m R e m i t  I ) uv , ( 3 o t e m ’ u , ( 1lion of complex dynamical systems tu ch as those of vibration

engineering , An applic ation of the approach to aeroelastic 1)6.341) , S h u c k  Vii , . I ) em l . ‘1 (5), ~i~) 17  23 (May 19/7)
f lutter is included together with an outlined synthesis of she 58 ro ts
intuitive , lumPed e’Ieme ’mt , cont inuuni mechanical and 

Key Words’ Reviews , lns er -.ict ion: fluid-structure , Ships ,experimental aspect s of e l m s  problem. The onset of flutter Shellsand divergence correspond to a bifurca tion in the govern-
ing dy namical system, In the presenc e of such bifurca s ion s , Digital computers are now commonly used in the dynamicand under reasonabl e hypothes es , center manifold theory analyses of complex structures in s acuo. Severa i jenera lcan be used to reduce the complexity of the problem . purp ose computer programs using the ‘m ite-element method

are available , e.g., th ” NASTRAN codes devel oped by the
NASA La ngl ey Research Center . Specialized progr ams,
such as the BOSO R code devel oped as the Lockheed Re-
search Center (which is applicable for ax l~sy mme s ric shellsSURVEYS AND BIBLIOGRAPHIES 
including branched shell capability ) have increased the
computational efficiency of and expanded she use of com~pu sers in practical design and analysis. This capability has
now been extend ed to the study of a structure subjected

77 .1419 to one or more periodic forces and immersed in a sta t ionary ,
invi sc id-fl uid med ium, The p,r’blein is represented by equa.Ro tor- Reari ng I) yna iti ie me : State-of-the-Art (976 
tions (4) to (7) . (see the April 1977 issue of the Shoc k andN I Rio te r 
Vibration Digest. )

I )enlit - u t  Me’ , h I t mm~ q , F)m ,m lu , ’ stm’m I n s t i t u te of I eme ’ f i  - ,

Rom .fu m st m ’ m - NY , Shun Vub . t’
~’’l - 9 (5). ph 5 14

(M,ty 19 ? ? )  81 nu mbs
77.1422
A Review cml Ship (lull VIbrat io n. Part I: Mathe rnati-Key Words Reviews , fl omor -bearing systems , Computer
cal Model sprograms, Balancing techniques, Stability, Torsional response

J ..J Jensen and N, ) . Manlse’ni
This paper reviews recent developm~nt u in rotor dynamics 1)epl m ml (‘ken ~ m u I nij nq , The Ten, m miii it Unniv , ofand torsional dynam ics of drive trains. The following topics [ ) e m t mmn ,,j n~ . 2800 Lym m mjby, I )e mnm n,,j r k , SImon k Vib. [ ) m n ; -are included composer programs, balancing techniques,

9 (4) ,  pp 1:3 22 (Apr 1977) 138 n tIssn abil i sy , and torsional dy namics of rotor systems. Attention —

is also draw n to a number of imp ortant remaining problems.
Key Words: Reviews , Sh ip hulls , Ship vibration , Mathemati-
cal models

77-1420 This paper is a review of the analytical and num erical tools
Under water I”I uid-Structur e Infe racl isus . Part I: used to calculate hull vibrati ons. Mathematical Models are

described in the first part. The seco nd Pars on Modeling ofIntroduct io n and Scupe 
Physical Phenomena contains descriptions of mathematicalI II ( f e e  ‘mu ;uttd M I’me ’ t  m m m ci 
models of the hull, Numerical determ ination of the equations(‘i i ’ m re ’ ; , i l  I )ysiam nmmi ‘. I h i l t  me . h ea t l ) mv , (‘e r i mt o t i , C of motion is discussed in the third part -- Method ~ of Solu

1)1,341) Nfim ,e :k V ih l )im ) , ‘1 I”] , I I’  7,1 74 (A~mm 1 ‘1 /1) l ion , The fourth part , Comparison of Beam Models, is a
review of methods used so solve the equations of motion;
an example problem illustrates various principles.Key Word s Reviews, Interaction . f l u id ’s t nicture

Fluid structure in teraction encompasses a broad spectrum
e el  s ix Ci rucal arl’.i~ ol interest in engineer eng application.

77-1423Th u disc ussion is l im ited to “underwater” applications and
A Rev iew of Ship hl~ II Vibration. Part II: Modeling,nclu iles the follow unq topics: sound radiatim,n and scattering,

str i . iural ve t wat uo n and shock response, flow’induced noise, Pli y airal Phenomena
hyilmorfy n~wnic divergence ,and flutter , boundary layer stabil - I .1 Js ns ms en i ari d N I M, iiisi ’ m n
my and propeller induced forces. The common thread Dept - of Dii n .m mm i mq t ij  - . The n T m ‘u ho isa I t J o , v -linkin g these technologies, nam ely, the interaction phenorn-

I )enumu ark , 280() l .yt nqby , i)entm n,is k , N fm m is :k Vih Ienon, us stressed An attempt hat fw ,en i made to darify some

of the termmnoloqy within these diverse technical areas . 9 ~5). Imp ?‘ m 38 I Mmit 11)7 1) .1 1  iqs , 131 t e l’,
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n’..,’, ~V n u , u l ’ , Ii . ‘ v u u ’~’, - Smmmm , hulls, Sh,te vu iu , ,, ne , u mi , Mathoinal m - 77— I  126
cal models ~ir .Cush iot i .St ipp ii r Iu’d % i’ Isieli ’ I” a,i Ih iia ,im i ’ Re’

spouse : ~ Ri’s ia’ss ii) u s e  l,ilerature
For m u u k.m n u n ’ , of m im e , ‘, 1Ci ,mn um ,,, s of motion were d esc nim ,m ’ ,u

in Part Malheniatical Mu u u In ’ i ’ , (see rho Apr il 1977 , issue 1) 1) Muir

of rh o Shock and Vul i r . imi on Duu ln ” .ft In order no souve m F ,m ’ se ’ 
n ,,1 t m m n n m ’ , m m m m  m ’ ‘ m t  , I .ivk u l ‘-A’ l,,y l u u m  N, ,v ,mI M u ir , Re” , ,

, u u u u , m n n ’ m n s  a number of m , m ,y ’ , ,m :,, I  u 1 u m , m , : t ’ i , m ’s mum a t  , l , ” , m , u l ,mn the , i n ’ ,~ I ) m ’ v  I u ’ n m t u ’ r  , l, ll n ’ ”,~ I i , Mi - He - n t  r i u ‘ u I ’

..h , m n and the s ui ,e ,mu ,n m l m rmum w a m en m must bin mue ,,., , mu , , , m ’ , l  These , u t u u 01 , ‘~~
-
~ pF i J i m , :  l ’ h / l - ~

q,J anl ,mu m’ s uu u ’ Iud m ’ hull s mm l f r e ess . hull pass c m l  v i r tua l  added AD-Ao :~5 h
ut ~,

., , u ’ ’e . , ‘ s c , mu n um t , un, ,’ ’ ,, ansi ,l , i ,mm i m m mm m i  The accuracy
to which ‘u , ’’,,’ u i , i ,enm m u m ie t  enm,s r he’ known miepe.’nmis 0m m the
n m ,  mm, ml ‘ s i t  v of mm ,, m a su m , ’ m , n, u m me - ml model aimmi r he ml ts r ibu lions Key Words: F ant , Surface ef te c r machi nu n s , Dynamic r m-

u m i  si t e m u m m y ‘.u m. ,~i u u u , , r m r rum ’ s  The value of some m1 uant i m m es s ponse , Reviews
m ’ s , , -  nds on nu n , ’  m, m ’ u u o . ’ n , cy  and mm,ode u t  v it m rani on.

Tl,,- enechanism s which consti tute the dynamic em’ .~e m u m ~e’ of

air cushmon- suppormed veh icle h ifm fans sub1ecled mo u m uu s m e ’d mi y

ex c i la t io r m are summari v ed and e x a m ined through a review

7 - 1 4 2 4  of research as reported in l i terature pub i sh ed between

I)auimp iis~ Capaeit~i iii Sl rsu ’fi ir a l Materials 1932 and 1976.

H F-I m ’  I m . mk
y m m m ’ h b mu m u b  Pm’’ v ’ . m n ’  In C ’ ’ m m t m ’r , ‘,, m im ,  mu k m i m u l  V’V j )  u n ’ ,

- . n ’  I j  mu l VA ‘ H I  ~u - ‘ , k 
~

. V S .  I) ir~., 9 i4

~mt 3 - 1 1  A ; m H ’ 7 7 (  2 f~~;s , 2 l , i t u l ’ ”,, 4 r u t s  MODAL ANALYSIS AND SYNTHESIS

K u’ , W o rds Remveows , Mu m ,”  ml damping
77-I t27

Dampmng , l m ’ v u’ - , s mr ’  (req uenmu y added to str0cturet no .-% p1diealioiis of .~l,idal rtrtal~sis ~~~ Tuan,’~ieul
u,r. ’ve rnm u,nwanned vmt , rat ion s . Al m e r n,mn mv ely .  strucrural mate-

- - - , r ,x , ’ ita t ioii
,ul s w i nh In u u I, i nternal I r uu rio n comet mm cv provide suff icient

dampmng. Th,s review art icle su~~eys damping u m , ~ ch amnus m s A. N’l, u ’ K,my , l n I u  I A C ,  u u

it,,,, proituce ‘ , e u i r , u t m m : m r n m internal f r i c t ion in structural mate- Nu i i ’ ,m : . ,m ~mj Vub. Sm _ u ,, S t u n ’  i,iI P rmj 1 n ’ ts Div ., N , i t t u u u m ~ l

r u ais [ J , , , , u 1 u m , m q u ,m m , . in u t y  us prmnse nled as a function of vif,ra - I m i  m i m m , ’ u ’ n  m Ill 1 , , i m u , i , m t ’ u n  y ~uJu n m ’ , . (..u ,m i t r , u l  - \I ,I) ,  ,in~mi

m u u , n u . i l  s m n e ’ ’ , s  amplinude for senlec ted n’m am un rials, Dana from Insul,, 8 ( 4 k , u ; 120-175 (A~mr l u u  / 7 1  8 I i ’ ,
I u n ’ ’ n , u m u , , m  em ,’ u,seri t o Compare the re ’ la mmve m d issepa-

neon ‘I var ious mechanisms: vu s , : n , m ’ l , , s t u c re laxat ion , dus h oc a-
leon , m u , u muu uru , nwo-phas€’ interface ci ’m , , and magnemom emchani - Key Words. Modal ana lysis , Resonant f reouenc v, Mode

C al u I , m m i m u r u l T i n ’s” mechanism s have been used to reduce shapes , Transient exci tat ion

~m u m u ’ n : m m l mi ii v bran ,ons in automotive u l u ‘.c brakes and in

rurbmn e blades 
Ihm ’ , paper discusses a tech nimn ue which can be used to dete r-
irmine the resonant fre q uencies and mode shapes uI a wede
rang e of st ructures and components. Input forces are pro-
vided by a hmi nd -heid impact device and the advantages of

77- I  125 rhis approach over conventional shaker tests are discussed ,

‘l b.’ I)i ’v ,’ Iuu 1isu etut alit1 l’ u’sI i tt ” ti f %‘ihralion.J)aeiipnig Two applucatmons of the technique are described and in one
~f these th e rosuut s are compared with results from doub le

~lali ’ria liu pulse holography tests ,
S S n’

~\ r ’ nm St rOmm i ) ( m r .  Cu u , I , m m u ’  . m 5 t u ’ m  PA , S/V . S o , mnm ’ t  Vu I ) .,
f l  (4 ) , t m ’  28 33 I/e; n I ’ l l ! )  12 fuu ~’, 8 , - I ’ , 

77-I-I”))
Sui ~isl t i m - I  or,’ ( ouu 1 iIi ui ~ for I)’, isatuu ie ~ni, Is xiv and

1< ‘my V~, , ,m lc  V ’ t , ’ n e r u m u m u  nl . i r rm ~~mng , Dampeng materials , 1- ’ ’,n m mmu m , , . ‘ -

‘mu “s , Rt’v,esvs 
I ext ing
8 .8. Craiij , .lr , m n umb C. ( I Im , i rm ’ ;

The ‘,n .,me -of - n t ,m m arm with re ’ ’ ,m ,e ’ e , r t o v u l , : . e n m m , r m  m l , e m i m l , m n m m u  mate- T m ’  r i ’  t_.J n n v ,, Am i ’ , t ’ m m , TX , h i u ’ t u t  N,,. NASA CR-
rial s and rm ” .n~ is descussed from the point oi view of a manu- ) /~3~ , 91 1 m  (I m m  19 77)
I - m m m cli’, ~f v ,bra l ion-dam t menut m n m ’ . , m n m - m n ’ ,  Past end presenl N? -? - 1 ,‘~ i 2m ir e t im ,, n nyu ~e’~ and test mnemhr,d s are C(m , ,sm m tm’ n ‘ri m.,eneral
,ev in nu ’ ’’ . leer l u ,m , , r , -  i mr u ,m l , ,cm rinm luiremenrs ann I m m u re -  test s

,m . .mne’ m I Key Words - Corrrpo non t mode sy ‘ m m  lu, ’ ’  us
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F x m l  n m m me n fm i ,  ,‘ ‘end free, u ’ u mu ’r l.i, - u ’ ‘ muu ’ m m u , u , l s  nt  ‘, ,, l, sm , u m u ’n u ,, m ’ i m ic k h ing behavior of sub m erged structures under transient
oup t i nq I,, m ly ma ,,, mc anal y sit er , ’  e lm ’ , ,  j ssed Tb rime mneth nds m m u ’ ’ , 5mm m ,‘ mu ni, ii n,j s ,

~u un m ’ ’, Ii,,’ m mmq the um ,mm iml , , ’n of coordinates re’qu mrend by f ixed
u n,r i ’ r t . e , - e’ ,,, , ‘ m t , u u , t c  e r r ’  m n l ro duce,, i M,mnm is u mn I , , , ,,, y differ e n-
l ,,el ‘ ‘ u~u m. ~m um , , m ’ , .i,,’ e’nmplnye_’d no mm’mmpmovc n .e’’c,, m ,c y in I m m ,
inn ’- , m ace cu bs m , u , m ’ m , i r m ’  coupling mentho si s , 77.1-13 I

S lat ii - and l)s ’ iiaaui ic IItu ’kling of Sh allow Spheric al
Shells Ssshjev’b’d In -~~ix~isunt.’tric and \ear lv \ ‘..i.
,e~ i iit imu ’ Ir ie Step-Pressu re Loads I sing SATA~.S-IIA .

COMPUTER PROGRAMS Modified % ersi (in of SAT ,%NS-l I
S’l .D Sh ,mtt

t 4 n m d l m i t u ’  Si i u u u u l , rvlon m u .em n y ,  (1/~_ ,  168
I Dmm ’ 1 “1/St

AD-A0 ’35 91 1/7GA
G E N E R A L

‘A l ’ , .  s’ ,’  Nu n ’ ,  t4m, n ’ , t4 83 , t ill? 15031 Key Words: Spherical shel ls , Dynamic buckling . Computer
programs

—— i I”) A dig i nal computer program for rho geom e sricalt y nonlinear
- — analysis of total ly arb itrari ly loaded shells of revolution

I)I’ ,I’i{OP - ~ I) ig ita l Liuti p i mf er Program for Pro- ISAT A NS-2 1 was modified to more accur ately account for
di eti ng Ih Ila,i, ie I’ Iamcl ie— Pl aum ti ,’ R.’spo iisu ’ u I  Panels th e conditions at the pole of she shel L This progr am was
In Blast Loadings ‘sad to dererm ine the buckling load of shallow spherical

shells of various s iv es w hem, subjected so stat ic axisymme t rmc ,I I I q’~ p . ,n ,c ~n1. N L, nm ’
dy na m ec axusymmetr ic , and dynamic nearly ax is ’y mmetric1 , , mn i , m n u  A 1 u J , - ’ m i u ’ , [ 3 i i r l i n m t t u m n , t’~1A ,, Rm~pt.  Nmm . K,~’, - TR —
step-pressure loads of inf ini te dura tion , A compariso n was

I .34 , ,\ L A T L - T ! /  / i m - 7 1 , 200 ‘p (Jun’ , 19761 mmnad e be nween the new bucklung results and previous results
AD - A035 1~/2 .1 , ’ u J[j’~~ obtained w ithou : the new pole routine. The comparison

revealed a si g n itecant chanqe un the buck l ,ng pressures , due

solely to the change in mhe n pole ro unene , The new staticKey Words: Computer programs , Panels , Blast loads
m ix symmetric , dynamic ax i symm c ’ t r i c , and mven the dynamic

The LIEPROP , l iqim a u compu te r program delermines the asymmetric cr i t i c al  buckling pres sure load s appear to be
fairly reliable results for perfec t , st i l low shells ,dynamic e lastic - m u l i smmc , large m isplacement response of

u yk indrmca l and 11 mm pan els to arbitrary blast loadings. The
m iremu u r am com p utes str ain , stress , displacement and boundary
reaction force lime histories f or linear elastic and elastic-
l~last m c sol or mor, u ’m u m m~, ins The theorem em - mI Iorrnu l at ion and
pro g ram uim ” ,e ru 1 , m o n  c,f 1)EPROP ,~r m ’ presented in the form ENVIRON IVIENTS
‘m t a User ’ s Manual ,

77 - I  131)
ACOUSTIC

\ui t i ’  iou liii ’ I)~ uumuuiuu - I1si klii ig i i) f’,Iasto .l’las IK’ ISe ’ u ’ Nos 1438 , t 4 . t , m  ‘ i t t , 1492 , t.t’SI 1 I’ll t H e m
~li ii , ’ lui ri ’ - 1 - I l’ t ‘09 , 151 1 , ~~~ ,

u 151 .1, 1514 , 1515 , t 516 , 151 7 .
M , ‘ ‘ n m ’ -1  1518 , 1520, 1524 , 15311

‘ - : 1  ‘ un i v A ,’,~m ’ n t ’  N ~ ~~ 1 (0, 1 1 1 761
A i m  ,~,5 t i , lu _ I  ,m ,A

Key V ol’ l) Iu ’ ’- , ’’me s i n ’ , ,  rum , em .i mu. ,l ’ ,- ,us , Em acm i, - i,l msruc RANDO IV1
nui u ,i,r . nn ,i ’s . (~, , r m i ‘ ‘ ‘ ‘ ‘ n u ’ ’ ’ ’  m i - ens . Si,h m rm i ’mu te .ml structures is ’ ’ ’ N,,

This mn mu m m ’ reviews several to~m n ’ s re’ l u m m e t  m u  the analysis ‘)t
I y nam uc bucki ng . m e  I post -i muc i mg me t, iv u , e ’  , I el ast o-

pla sl m c sm ,, , tune ’ s  I’ u s a m m v , , ’ n l  .it e m ’ ’ ’ . ‘‘I ’m a t eack ,, mmm d for
a mt y namm , e’ l . , s ,  e e - m , u . s n  me s t ruc i , em a i  analysis code th at us SE ISMIC
i c- u rn ’1 nlm- v ’ - m ’ 4 e e ’ ’l to ‘ r u . ’ l y i t , , ’  miynmirn ic buckling ,m n , f post ’ lSee No , 1 4 1 7 )



SHOCK materials as a function of the amplitude and she number of

IS” . ’ N,,s 1429 , 1483 , 1500 , 150 1 , 1502 . repeated cycles. A hug h tensile stress can be imposed to

1 ,11/ 1522 , 152/ , 1578 , 1530 1 enable the energy loss to be determined at variouspo int s on
the tensile stress-strain characteristic of t he material . Because
the energy loss is obtained from the electrical energy re-
quired to maintain oscillation as a set amplitude , the damp-
ing can be obtained for specimens whic h exhibit amplitude-
dependent beh avior.

PHENOMENOLOGY
77-14:34
“ The Wear of Nois-M eta lhic Material s” 3rd Leeds-
Lyon Synspom.iuus on Iribology

A ~ 
O F - . lNiIi .ui

IA I&m see N,,s 1424 , 1425 , 1450 , t451 1 
Meni li , i m i ic ,mi T e ’ , . Ium i m ; ’m,gy, In ’ , I , m m l u ,mn n , NY 1 21 10 ,

J, Lm m tn r i u _ , 1’” Im Trans. ASMI., 99 (2 1, ‘t i  147 151
(Ap r 19171 4 figs , 35 ruts

77- 1432
- Key Word s . Wear . Pol ymers , Coulomb fric n ion

On the I)arnp ing I)emcrement for 5’ion-I.i,u’ar Oseilha’

tt OflS The 1976 Symp osium s reviewed. This is the thir d sympo-
Si L, Ras m u ss e n’, suum in a series alternating betw een University of Leed s , UK

A m ’ m , m 5 1 u 11, ,m ’ Much , an,d Nuc lear F nut ru t . Um n iv of OkIa- and NSA (Inst i tute Nas ionale Sc mentif iq ue App uuque ( , Lyons ,

I uu ,‘ m u u m , N ur nmu am m , QIm., 7 1(19” , Intl J N , , nm l i m mm ’ , m m Mu’ , . 
France , Proceedings may be purchased from either unstutu-

12 (21 , pp 81 ( 1( 1(197 ]) 3 ,
~s . 10 m l ’ , 

tuon , In the keynote address Professor D. Tabo r of Cambridge
— 

. University reviewed some experimental evidence on the
wean mechanisms of polyethylene and other pol ymers. Macn

Key Words Damp ing coefficients areas cov ered by the symposium were: she wear of polymers ;
wear of biological and implant materials , dry wear , the wear

Then logarithmic damping decrement is obtained as a function of graphite , fracture and fil led materials; and applications .
of arbitrar y non- linear restoring forces and arbitrary , but
small , non - ’ ,near damping forces . General expressions are
obtained for bus h amplitude-dependent and speed-dependent
damping. The s pecial case of a cubic restoring force with F LUID
quadratic am pl itude ~depen~vn t damping and the special lA l s , m ‘en , ’ Nuus 1420 , 142 1 , 1461 , 1469)
case of a cubic resto ring force with quadratic speed-depen-
dent damping are considered in detail , The results of the
analysis sug gest how ex perimental data can be uti l ized to ,
identify and evaluate she damping parameters for a g iven

non-linear usc l iamom Understanding How -Induced ~ ibrat i.,ns. Pail II:
Fluid/Structure Coup ling: l)es ign (,onsidera t ions

M VV , Wa miil n ’,u; ,im lSS

—— $33 
Ar ’mjo nu mne N~i tm ~m nm , c l  I , mtm ,, A u t m u m un n e ’ , ( 1 S/V . So’ unit

Vi b., 11 ) 4 ( ,  pj u 1821 (Apr 1977) 4 fm u ~s, 11 m I s
\n Aulon satwall y I)riven Torsion Pendu lws i for the —

(;onti nuous Mea~imtsent o f Amp litude and At t i pli-
Key Words: Fluid-induced exci tat ion , Interaction. st rum - mure-

t ut lr-l ndepu ’ndinn t I)aniping fluid
I—I - F3 ,inl e ’ ’ ,m’ I , i , mm i  13 )3G .  1,uV , h ( m m m c ,

C I u i ’ ’ n m  im ,al 1 mm’ ;rn j I l u- h u t , Un iv . of Ade ‘l,qul’’ , Ai Im ‘ I , j mm I ’ , Thus sw o~par n article was prepared so provide some general
‘;ujutb A .u s t r ~i Iu ,m 5001 , J . ( ‘IiyS ) - Sc m , I,,’ , t m I, ~Q insight into fluid forcing and the associated flow-induced

(4 ) ,  p; 41 e ) 4)1) I A ;in 19/ / I 3 tu g s , 2 ii Ii” , . i) ne mts  vibration , Two classes of fluid forces are identified. Ir e
Part I , fluid excitation forces - , forces that exis t  independent
of structur al motion ‘- were categorized and brief l y dus ’

e<~’y Wo rd s P , ’ m m , I u , i , i m r ’ , Measu re ’.” instrument , Damping cussed lNov 1976 , S/V . p 18). in this , she seco nd par s ,
cu l t , ,  e n s  f luid/structure coupling -. forcing that requires structu ral

motion ~- is discussed and illustrated . Recommendations for
A nir iv umm i ,o rs ,on pendulum is descrnbed which es capable of designing so minimize the potential for detrimental flo w -
nt ’ r ” n  n y  ‘ em ’ , l  m r m r u r in uo u il y measuring the energy loss of induced vibration are also presented .
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THERMOE LASTIC Key Words: Diagnos tic techniques , Optical measuring in
IS” .’ No 14/ , 11 struments , Turbine blades

The principle of an optical measuring instrument developed

in the author ’s Ithora tory for thermal machin es is explained
and tests reported on , This system is adaptable, making it

E XPERIMENTA TION universally suitable for investi gating all types of vibration
in rotating blades.

INSTRUME NTATION
(Also see Nmns 1441 , 15051

BALANCING
5’’ . ’ Ni, 1529 )

77.1438
Considerat ions Relating to Instruments for the

DIAGNOSTICS Measuremen t of Equivalen t Continuous Noise Level s
(LEQ)
H F . Norqan

77.1-136 Comrmiuj tcr Engrg. Ltd., Noise Control , Vub . and
I’easilality of Flaw l)etect io n in Ra~ road Wheels lnsu l . , 8 (4),p p 127-130 (Apr 1977) 4 fi gs
( Sting Acoui4ac Signatures
K Naqy at m e l 13,1) 1 urn ,  9 Key Words: Measuri ng instruments , Noise measurement ,
In ,im mm.; sin 1,11 i m ) t i  ‘ -;y ’ , nm ‘ e m s  Cu ’ , ml ’  ‘ m , (_ ain u t ,r idqun , K’IA , Noise meters
Hupt Ni, 1)0 1 1 SC I HA J I m 5 , I I IAI OH1) - 16/290 ,
- . The fir st acoust ic instrument thai CEL ever produced was a2(3’ ~m In )Ocn 19/6) 

Noise Average Meter , or Leg meter , bac k in 1972 and sinceP13 ‘4 ,3 .‘48f/(,A then they have refined the techniq ues involved and pro-
duced a number of instrument s that measure Leg or its

Key Words Duagnoss uc tecfs nuques , Acoust ic signatures, related parameter Noise Dose. Desi gn problems encountered
Wheel s, Railro ad cars in Leg meters and basic principles of Leg are described,

the le.sutnliry stud y on the use of acoustic signatures for
detection of fiases in railway wheels was conducted with
the ulti mate ob~ectuve of development of an unt rack device
for moving c a rs Determinat ions of the natural modes of 77-1439
vubrateng wheels under var ious condit ions are reported. Measurement of the F’orce-Time-Ijeh ayiou r and
l)ifferences in acoust ic s ignatu res are found between good th~ Peak Period s of Mechanical Impac ts (Meseungarid cracked wh eels, undudirig V&tral changes and varia t ions des Kraft -Ztit- Verhaltens und des’ Stosaceiteis helin the tens decay of sound, Var ious sounds occurring in
normal red roed pract ice, such as roiling noise on welded rail mechaniachen Stoseen)
and over lo,nls and retard er screech were investigated, M. Ras~ch and W . Schmidt
Patt pc n recognition techniques were used for eslect ung good Tech . Hochsch ume Karl Marx Stadt , East Ger n nt any,
and bed wheels ends a computer u,red processing scheme. Masch irsenbas iteth nik , 26 (2) , pp 15-77 ( F eb 1971)A lal~oeato y demon str atio n system has been const ructed and . —

found to be 8b% relieble when system mauunctoons are 11 fIgs , 3 rets
discounted, ( In Gert rman )

Key Words: Measuri ng instruments , Impact re~,onse

77-143 7 A device for the dynamic measurement of force cau sed by
Mea.uruig Vibrat ion oa Turb ine BLales by Optical an enpact is described, The data receiver is based on a force
Means dependent resistance, The fo rce- t ime process and the mae-

suremens of individual peak periods during chatter and the
- , t ime between impacts is presen ted. Several impact-forceIt ,s iw rt I3ovimri Ilu’v , 64 , pp 64 61 (Jan 1977) 1 figs , oscillograms and measured peek periods indicate epplication

I nu t’, possibilities of thedescribed procedure
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TECHNIQUES Acoustical and mec hani cal design features m e t  NASA I
A l - ,. ‘ a ,’ N m s  m t:” . m ,

~~‘ / - i’,,,u mi ~ Research Center ’ s engine fan noise facin i ty are ‘ l e ,sc rm l m ’ . m i
Acoustic evalu at uon md m u1, chamber , w hich is lined w , mh an
.mr r , i y of stmr;,ped wuxfqum s, is descr ,t ,ed . Rem sm m u t s from th~

— ‘ y e n em ion en n i’r,n ml cu r -o f f  f r em n uumr , c y min d no n - an~ch ouc- I  
areas near the wan ls are eiota mled , Fan models are el~ctriCauly

I _~t~ 
(:~~~ l~ t itu is ‘l’ u’t ’ Ii is iq sit’s iii ’ I eeil for I lie ~iI l’asIi re- , I r ,ver, no 20 ,600 rpm ,n m mm l , m r  ml mm nI em mode or exhaust

iuiu ’ii l of % u-li tt le \ i uisi ’? m ode to fac, l,ta t e study of both fore and aft  fan noise,
F) ‘ . u i m m ’ c m u L  , i m l - 1  ~ H u n : ,  m Inlet n o mse m character ist ics of the f i rst  f an tested are dmscu ssod

and compared to f u ll sc ale novels. Turbulenc e pr o pernees ofDi’; ‘ ‘, , I su m - i ’, ‘ - ~, u ’ .I m ’ O i m , m  5’ ‘ m l  t m ’ the inlet f l ow and ,e m, ,oml st , c  resu u t s ,e ri m compar ed with and
~‘,.“ m Hi m ’ , N m m uS e ’ C m m n u t n , l I m : m r  - 8 m l  , m m ’  1’~ 2~ wm th out a t u rbule nce red ucing sc r um um n oV er rho fan in le t ,

F) ~
. ~i m / )) 1.3 f ’ u ~, 12 ‘ ‘ k

K’ Words Corr el am ,on techniques , Memasuremerm t tech’ ——niq ues , N,, is e neeasure ,’ mei ,m Groun d vi~h cues
I’ reqt iei~ ’~ ~e nalng ‘leassi ru-tt ien I Feels niq lit - : I ,it iear

tb , .  ,ar mp uicabu l m my of co r relat ion te c hnme l ues no the practical I)isp las ’eis ien t ‘i ra is sd uciisg b~ \lu ’ail nu t ut ’ a ~ ibra t iisg
prubuem of measuring rho noise level of a single vehic le on Str iisg
a busy road ms ,, ‘vmms, iqated . Methodolog ical theory is de- L) . Bouits , m m ~~i ( ,,u~lveuop ed for the c ,es e of a tw o -m mcr op ho ne array,  and an

I n’.~ m “,‘, mind I ‘~‘ ‘ m u  ‘ I  ~~ ‘,t ‘ ‘ ~ m mm ~ F,,’ I 5’,rm:i , I man al ysis of the system error es presenred . Da na from con-
tro ll ed ex permment s w uth random noise sources in the fiend 10 iVm ’ m la ( m m ’ r i ’ ,t ’ ’ ’  l m m i i i  I ’ ’  m l , ’,, t i m ’  l j m n : ’ ,’’ ’ m ’ ,iSi ;  k5jy

‘‘‘‘la O’’ that the method works well on noise sources wirh f : u r , t ’ ’ m ’ l , , r ’ m m n  lH’H 125 , 1000 S m  1 m m  1 c m , Gnr ’liny.
s ’ gna tei r ” s rm ’ l i t m v i ~iy free if per mo dm c consent . if hiqh’speed , fm : mn , Mm ii, ‘mm , 44 (- ) , ‘;~ 1 2~’, 1 30 (Apr 1977 8
hard-wired ,ns trumen ts are used , the mechnique should be f~mjs 10 rm ’ f s: m l , . mimle ml coping w , mh v em hicu e motion.

( In (‘ , ‘ : r n n m anl

Key Words: Measurement technique s , Vm h rat ion measure-
I II n’ient , Strings

Priu pell er \ ir t ’ rat ’ t I”h user \oimte ‘ Femet iisg
1’ ,~ ‘ m ’ ’ ,” 

As frequency analog signals are gainin g increasing importance
for the measurement of mechanical parameters in proces s

“,‘e , u I I ; i m  n [) m v ~ & “ y s , m ,, fir ‘ ,5i (_ _ ‘ i  SAF I’ m; ~~
,r r’,,,m m m control , the design of a displacemen t transduc er based on/ I’ ‘ -1 ’) ‘ , H I I ’ , 2 5 ;’ , 5 I - uI ‘i’” a vm h ratin g strung will be exp lained . The measurement ensues

by cross shift ing one c lampeng place of a vibrating string.
K m ’ y W<mr d ’ . No,se , measurement , Measuremen t mechniques , The c h aractermstmc curve m s a hyperbola which approaches i ts
Measu ring m nst rum e nt $ , A ’ rcra l t noise asymptote more and more ,f th e tension of the wire in the

resting position is reduced to zero .
F- l ym ,v e ’ r mmmm ,s e’ testing of propeluer aircr af t  requires specufic
,n s mrum e nmam , o r) , e rmrI  lest proc edures to comply with U.S.
and Foreign regu uatu o ns This paper pre sents representative COMPONENTSr ” cf m o i q u ps and eq uepme nt used mn conducten g these tests.

77- I 142 BEAMS , STRING S, RODS, BARS
I .liara rt eri mel ice ol’ an \ iuu ’ i ’ Ii i uii ’ (J iaj isbe r t’or I” an
\uuusu ’ ‘Ie’tt it tg
J A INn, ,‘ r ~~,,, , L M Sfi , iw , ,s rm ml  I D. 1 ‘,s,i,y 77~1 ~‘$- I
I ‘ ‘jam ’, ke ’’ ,e ’ ,,~ ~l ( ,i m m ; m  , Nt~’ ,A - Cm nv ’ l ,i rm m l , OH , On the I)vi sa s i iic Ikhas iour ol Stru c tur al I’3enis ’ntx

ml ~‘, NASA EM X -74525 . I 5 m )m f 3 , ‘1? i .  1’) / 71 (:a rry us g I”I asti eal l y Mounted, ( u,ts ’ i ’ntra tev l Maniacs
ms, m ‘, m n e y j Ii n m  Ar ’ : , , ’  ,u m m  ‘ , , ,, m t  y ml iml e ‘ m Ii I’ n m ; r ’ , P l’\ ~ I u in ,i - E i’~ S m i i , m ’ n i m u fn l  , .3 1

,, - I’ ‘ i  t m ,  - I,, E -

N / i  181e,H l.. m m i i , m m m u u , ‘ e m i t H ~ m’ los
Inu s t ‘‘ I A, ; m 1 ulu m ’ ,] ~y1m ’ , I u , unm m , c , lI ,u’,i’ t\laval ‘ ‘nt,, l ie ’ l

Key Wr, rds Testing facm l mt e es , Anecho ic chambers , Fans , ‘p in mm , An ‘ ; m ’ , i l  mm m ,i , A;mpl ‘ ‘ m l  Am l ii i’ ,t mm s , 10 12) , m ; ’  121
Noise n’,easurerr-tent 14’ , (Apr 1( 177) 19 f ui ~s , 18 ,, l ’ l m ”, 7 m m ’?s
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K ’ y  i’ ~m i ~ i I s  Bean,s , Plates , Na mura l tre q uencees ; i ’ :l 76) ([nc;l . tm . m ns l . Ii ,,, , ‘ ‘ O t ) t m m m m u ,~,it ‘ ‘ / 0

I I , : m i m m ’ m u t i , v  I , m m i . , I m m m k t : , m i  iii 5’li’i l m , , m m u m  l i m ’ ’ ; ’ m m , ,  f’’ f , ,ur~ i
r u m , ’ present l m , i u m e r deals w ,mh the ar m aly s u s of certain dy nai mn ic ‘ ‘ m m l i i  m m ~

‘ ‘  h i - v . N,u i m km ,v a D mum mik , i  Prm:i ,s , 15/2 ,
,es p u ’ct s mt the behavior of beams a,md p lates which support 

‘ mU 4 ,
elastical ly mounted masses , Shear mcI rotatory mnertia

N / i  1751 1e f fec ts  am , ’ not taken ento account in the present investig a
m i m m m m  An exac t solution us presented en the case of a sim ply
supported beam . Th is solutmon can be easily extended to the Key Words. Rods , Longitudenal response , Natural fre quen-
problem of a simply supported rectangular plate. I n is also cies
sh own th an use m if a varmatmo , , al  formulat ion leads to accurame
and se mn p l” ,‘x lm r i ’ ss io f l s  for natural fre q uencme s and dynamic Star ting with a nomation for the potential and kine t ,c energies
m lis u i l ic , ’mni’rm t s and s m resse s wh ,ch are deal from a designer ’ s of a strained rod , the di f ferent ial  equateon of free longitu-
v ,ewp omnm If , ’ case of supports elast ical ly restramned against dinal vibrations is obtained for the Stationary co ndition of
m m m i , , , , , )  is also consmdered. If,,’ experimental phase of the the Osrrogradskii-Ham il ton function. The equations for the
mnve isn m ( J a t eo i ) showed m jm , mm l agreement wu rh ex permmental configuration for natural frequencies , and the equations for
results the amplitude value of the potential and kinetic energies per

unit of the rod are derive d ,

7 7 . 1143
‘[lie Inli ne-me iii ‘lip \lass nit the Stabilit~ iii a 77-i $7

Rotating Cant ilesu’r Subjected to l)issi pat isi ’ and I’qui li br iuiii a,sd Stabi l i ty of a Vt Isir l ing Rod ’Mass
s’n’ si’ l” nfln’n er ~“ o rcs ’s Sy steiss

I A rt ,’ , ’ , ,  , J ,J, Russell and A’..), An .lerson
,‘m ; m m i l u e ’’ if “ , l ‘ i : ’  r ’  m l : ’  s ~uni,l rim ’ i ,m f l j m IS Div , ‘Au, m t , ’ r ~ I m m ’ t  U.S . Ai r  I ‘ m m ’  A . m d ’ ’ ’ ’ny, Col ’ o , umto  St rings , CO
,‘,m ’ ’ m m ,, l ‘A’mit i ’TVI i ” l . NY 12189 , M”~’ m m i i ,, 11 (2 ) , HLII(4 l , l i i i :  J. N i m m : I i r m ” ,,r Mi’ , Ii ., 12 ( 2 ) , p;i 9 1 - 1 0 1

1 .1 c r , ’  1 1/12 13 tc i ; s , 2 r I’, ( 1 9 77 ) 8  i i ; :,  6 , 1 ’ ,

Key Words Cantelever beams , Mass-beam system s , Rotors , Key Words. Whirlung, Towed bodmes , Cables , Mul te-de g ree-
R cmm at o r y  ,nert ,a e f fec ts , Follower forces m l freedom systems , Lumped mass method

The s n , e t m ’  ml st a bi l i m y of a ro ta mmng viscoe l astmc canlulever A nwo -de g ree -e mf f reedom lumped-mass model ms used to gam n
beam subjimcn,’,I no a tran s vm ’ r s , ’  fo l lower force applied at its understanding i f  the eq ue l mbruum and s m abe l i ty  of a circularly
I r e , ’ end in lhem plane of rota n mon ms deter m ined by a meshed towed cable , Particular cases considered are those of no

approxemamuon rhat us based upon an aduo ent var e a m ,ona l m irag, vi scous drag, and vi sc ous drag wm nh a cros s wund.
prem i ceple. Particular ar tentuo n is devoted to the determination
of the dependence of the crutucal f lutter load of rhe system
on the transv e rse , twist ing, and rotary inert ma properties of

mass capping the free end of the beam. The eiuuamion s of BEA R I N G S
motion irm’ derived from a conservation law , the ad 1O m nt
boundar y value problem us introduced , and an approximate
sna l , m l u l y determinant is developed from she variational 1 $18
pruncm ple upon assuming a set of coordinate functions whnch

% ibrat iuin at ( :Iiara (’ t e•ris ti ( s of Ball Bearing ssatisfy a selected set of boundary conditions , The stabi l i ty
determ m nan r ms solved numerically for a variety of choices P D c l i i  F W . A ’ r i m i  , i rd [‘) . F .
of values In’ the internal damping, the hub radmus , rep mass ~,l’ . mm m u m  ,i ‘i mmmi Ii i;,’ , I mi - Lat ha mmi , NY 12110 ,
mner lu a . the rotational speed , and warpun g rm g udut y  pare ’ 1. ’ t o u m , I i ’ m  Ii , ,  Tr an s . ASME , m ’fm ’~ ( 2) pp 224 ,)59
meters , and several graphs are presented to show the in- 

(Aim , 1977 ) 2 t m ; ’ , 5 n ‘Isfluenc e of these parameters upon the value of the crit ical
f l umter load ,

Key Words: Ball bearings , Natural frequ,~ncies

The classical differential equations of motion of the ball
77.1 I.$6 mass center in an angular contacr thrust loaded ball bearing

F;nerget it’ ( Iiaract enstK ’ of Necessa ry Optiatsa lity are mnt eg rate d wi th prescribed initial condmtions in order to
simulate she natural high fr equency vibrational characteri s t ics( u,ndit itins
of the general motion Two dist i nc t frequencies are identified

V 13 lN runev ,u r i m l  A . P 1- u l upp ov in the analytical simulation and their exi stence us also con
I ’ m ’  h e e l  Mu s s u l e ” , and Si ‘a m m’ Co ., F’ .,),, Alto , CA , firmed experimentally .
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77~~449 as a tunction of she bearing motion. Impedance descript ions

Systems of Finite Fiementa lot Finite Keantigs are developed directly for the approx imate Ocy irk (thort)

P 1 Allair e , J C Nuu tuul , is , ,u r ti j I I Ci sj imti nr and Sommerfeld (long) bearing solutions, The impedance
vector magnitude and the mobility vector magnitude of

t.)ept ‘ m l  Mes I, I mmq r i f - ljt iiv (i t Vu ,~ i ’ m , , i  , (. lu , It lo t t u r s  Booker are d’iown to be reciprocals, The transform ation
yu le , VA , 3 . Li~ nr u lom b r pm’, A ’,MI - ‘ii) ( 2), refationthips between mnbil ities and impedance are derived
pp 187 198 (Apr 19 / 1) Ii $ ugs . 4 n i l  mIens , 19 re t ’, and used to define erepedance vectors for a number of exis-

ting mobility vector s including the fin ite-l ength mobility

vectors developed by Moes,
Key Wo rds Bearings , Slider bearings, Journal bearings,

Finite element technique

Systems of finite elements are organized using matrix nota-
tion for finite length bearings. Most fluid fil m bearings have 77.1452surface areas which can be detuded into a grid of elements
whose nodes are labeled in matrix fo rm . The resu lti ng equa- Stead y State and Stab~ ity Characteristics of a Il ydro-
t io ns for nodal pressures are block tridiagonal and the solu- dynastic Journal Bearing wit h a Non-Newton ian
t ion is easily obtained with direct methods, A nalysis of lubricant
both general ilider and journal bearings is included. S. T N .  Swa mnty. B .S. Prabhu , and B.V .A , Rao

Machine Dynamics Lab ,, Dept. of Applied Mechanics ,
Indian Institute of Tech., Madras 600036, Ind ia ,

77.1450 Wear , 42 , pp 229-244 (1977)

Atialyas of the Stiffness and Damping Character-
istics of an Externally Pressurized Porous Gas Jour nal Key Words: Journal bearings, Lubr icat ion , Periodic response

Bearing The eff ect of th e non-Newtonian behavior of lubr icants ,
N.S Rao resulting from the addit ion of polymers, on the performance
Dept of Mech , Engrq.. Indian Inst . of Tech ., Kha rag- of hydrody narn ic journal bearings was investigated . An
poe , India , 3 L~~ r u c . tec h , Trans. ASME , 99 (2), empir ical flu id flaw equation wh ich adequately represents
pp 295 301 (Apr 1977)9  figs . 11 refs the flaw behav ior of lubr icant was used to obtain a modified

form of Reynolds’ equatio n. Finite difference numerical
solutions were obtained for steady stat e condit ions as variou s

Key Words: Journal beatings, Stiffne ss coefficients, Damping
width’to-diwneter ratios,

coefficients

The dy nam ic behav ior of an externally pressurized porous
gas journal bearing is analyzed by assuming one dimensional
flow throe4s porous wall, A periodic (diaplacement l distur’ 77-1453
bance is inpoaed on the bearing, and the dynamic pressure

dissribj t ion is determined tsy itsel f perturbations of the Trandafional Enesgy Exchanged Between an Oil hIm
Reynolds equation, Stiffness and damping for various design and a Cyclically L~oaded Journal . A TheorrtKal
conditions are calculated numericall y using a digital corn Stud y
puter and presented in the fo nts of design chart s and tables, H McCallion and I) A Wales

Univ . of Canterbury, New /ealand . (n:-.t Me’m fu I nqr

Proc . , 190 (55), pp 635 641 ( 19/6) 4 luqs , 1 tablc ,

77-145 1 3 re fs
Journal Bearing Impedance Descr iptions for Rotor-
dyaanic Applications Key Words Rotor ’b..ring systems, Whirling, Journal bear-

U Chi lds , H. Moes , and LI van Lctmuwen ings. t.ubrscation

1.)ept of Mech Eng rg., Tec h Univ . I’wente , E ochedem ,
Predut ing th , stability of rotat ing syst ems at intermediat eThe, Netherlands , J Lub ric . Tu s. $ n , Tr ans ASMI , 99 and large Whirl amplitudes is toaSty ‘Ibis paper suggests a

(2) . pp 198 214 (Apr 1977) 13 f u i l s , 27 rus ts cheaper rproelnate method based upon an overall energy
balance By repc ewrii.ng em- force reacted on the ba.r.ngs

Key Words: Journal beerings, Impedance. Damping. Mash as combenetsone of constant fort eg arxl cyd~~dly serving

eer.atical models forc es the influermi. of bear iiiq qersneu uv and otfiar I iclo rs
on the magnitude soi l di recti on of th. n.v~~ f$i*e between

Bearing rnp~~~nce vect ors are introduced for plain ~~~~~ 
oil fi lm at~ i iowa. fix. a romplat, cyd. wes ,nest~~~~d and

bear ings which define the bear ing react io n forts components found siqn it uant
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77.1 45.1 Key W i m mils tf ladi’s, Free vm br a tmo r s , Finite el ement tech nique ,
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77.1455 theo ry of rotating blades , such as helicopter blad es, The
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Si ibration of Im pellers. Part I. Theoretical Anal y sis formance analysis. rh us paper presents a new technique for
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Thi’ prohim’ rrt if ri ’ - de msmu; n of ins -type brudge g rders for lirak c li response of light and heav y comnmercm al vehicies .
r ’ i r ’ c t r mc r r i n : n t c n ’ ,iil tr ,svc -I un cj cranes is formulated as a min imum Tire tests on a l. mm r m u i  sample r i  light and heavy truck r um ’ s

n - li t lesrn; n problem with i nequa l i ty  co ns tr am i rts T he caere conducted usi ng two l . n l r c r c , u t n , r y  and one over-the-r oad
rest t i n . t i c ,  c mv p1 acumd on th a ’  dfcsiup n pmob lem ii umli .’ I trim tat ionS t i re test device, A corm upu t ‘i it’d tumulat iorc rn r ly  providing
o n  nh ,‘ ‘ - - , r . , , r r m ~uIimiw ,c l r lu ,  t i et l i ’ m . t moos and stress es as ca ’ ’~1 

~ mechanust ac understanding of dii, response sensit ivity of
as on the shock .i l is inc Ii, c m l  ca u i,ic: t~ ulu r m nq acc idaun t ii col Ii ’ the ui ‘i -loop v m ’ h act e to t i m  n. p ro pe rt met was cmi rrc lr.i c tm- r I
saon r b ’  overall stab l i t  y and rug ri i ty ,:,,u c c i i  ii ‘ r i m  ions are
alto u~~c - c r  c r150 . in i , r i m  Several load r : i r r , r i r t i r n c r s . i’ iim’r the
cmi i i ”  -.p” it icat ions , e m ’  considered in the n l m s i r l r r  p r o l m l u r t i
F h re s ul t i mu r i  m cc i  c m i ’ s ?  u m m c u c l r , i c r c c r r  ciii iiroli li ,it r is solved by 7 7 — I  1711

usun g an r n c t c ’ ? i i m r  pe,midlty function c r r c ’ t l r u i u l  Nurni’rmi ii ‘ ‘
~~ l iii- ~ li -u ’ r i ii~ ( h i z i u ’ : u u - f e ’ r isl iu’ ~ cii \ l ii IIi 1iIi’ ~~Ie Itu ,~ ii’pIes are Iuvi ’~ to c l l r m c t r . i t i ” the ef fec tmv n ’ im i ’ s s  r i  the i i l i lmr ,u, ,u: h , -Ss s t u ’ uu u

. 1 H ,

Si ic ’ ,)  if  Ar i t m m i i  i v ’  St i i .  ‘S , Pt at , l i - u t ‘ I ’ ,! - P
F - c i i , - F , V -Cci , I - j ’ , , C iy r  r , P - . .1~ z i p ’  ,~2 I .~ (1

1 I F ~ES 
( )u ,~r 1 1  l u ) 1 -~ ru ts

Ki’y VVor ris , (d,r t, n t,i ’ i i cm i  tt , icr ’,l r nn c t,at m c u , Atticulaturd vehrci m -s ,
lure r - l r ,mrac teri st ics S t i r  c t im ~ i - t i c - i t s
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I umu’  I m , u i , u i u u i ’ f u - m l)e lc’n ii uij i ,u,, i . ~c uulwii u ’ I - ‘t,Iii ,iiar ~ Lc ’ i m s l , mt ion  I i r mt it s thu , lruarf that rmuay be t m , u i , s l m - i m m . ’d to the
,u S  ‘, f t  in ru g roadway by thur ax l es P a com n um ue- r c i a l vr ’ hi c le and this has

c e s i i l t i ’ m i  ml t In ’ mie ’v m ’ Ii i pm ne nt P c r m i m i u r  s I c ’ iionuaes for both the(.ru l t p . u n r  i i t l i  B u f f - m b , t-l ’y” , l l n ’ p c t  N rm  (I’m )  , ) ‘ ~tp
t ractor and trailer u n i t s  of ,act a c ialai te < i vehicles , e c t i l  at the m m ci i

/‘,l t ii , ‘ ( l i t /C )  IA ) ’ , . i i , i il , i t I ’ - tm  u - . i’ l  n f l  ‘ ‘ p v c  m t s , r u t  rigid vehicl es , some n i t  these “ rim e, c i i i c t , u i m r  self s tm ’ r ’ rung or
I ’ ) - , )I rJ 4 C° ,I I I artuculatmon steered md i ’ s  Experience shows that s he t i m e

‘)r c p ~ -3 ,14ri wear m : l r , m m . m r  t i c  u S t mc:S of mul tu ,usi m ’ bogies mtr ay lie unsatislac —
cry  The u u,m u i ’ m amsal y,em s the c c i  mc cii sucfu bogies in the con-

m i t t  of vuch cl e Ii andl rig and shows how t I n ’ latera l t ire
l u n c i . m ’s v a m y  l , c ’ t c a m , ’ mc the , a t l m ’ ~ Ai m hypotheses r i ’ I , i t r m m c ’  r u m ’

~~~~~ 
W c l ’ . A r i m u ’ ’ m u n i l i m i a ’  m m m ’ s . Tr uc k t i n ’s , 1 rim- i l i u m , i ’ti5 t o r i  m ’ s in a ‘ ; t u ’ ,,ul y st , mt cc  r i r m u  to w i n  us m umvu ’ m r The analysis

t ics , ( crc ln ’ i t m ’ r r / m l , r m , n r i l , i t n i i c r , rm,lcithentiatui ,,ui m odels . I ~u m - m i  
.~~ at m iii- i u i u m i r m’m i so thu r c l e ’ nm ’ n ,ul case c l  veh icle han d lin g

m rmi - c m r,,l ul,it,i
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K u’y Wui rt is Absorbaus b ncu , n t u’c u ai s l , FPu > I i t -con t a u rm nn q mimedia

ABSORBER
This i mu ac, nu rse r hey how the physical u-i irs-cu u-n rc u I  a per lo r

c ut cal facing 1 n a n .  k m u  I with a porous mozu t imr al you nd absorbent
system - percentage per fo ra t ion  and th i ckna ms s ri the itic m m ,
the  r l u ’ n , s r t y  of t t i n ’  po rous back log matermal  and m I n i ’  arrange-

maunt of the facin g ur n re la t u on to the backing mater ia l  -- can
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chan ge the s pi- c: ui - an ’ ,,nict r u m r r m l u m ’ m l ; m n i u . r ’  ni t h m ,  abso rber and

- hence its absorption coe f fmc , en t ,  T h u ” , ia ctumrs can therm be
u ~ - iuii ci ’, I )aiii juc u l l)s ,sa uuu it- \ u s c  ,r b.-rs ol ( ntiS i’ll — used in achmevmng a good ‘lesi g n ,

lii a i i . u l  and \ i , su ’ I  I )i’sign
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‘ ‘ I  M i i i ,  F c i - i t n i  i -id : , iv i  Univ., S l uir u,, l’ , i n ,

iii,, fn , ’h ,auii r n iii nu yr c am u mi c v , l r c , n t n , r n n  absorbers of conventtona l Ai ’ p ‘ I n n - u  ~i, i , -  ‘ t I c . ’,, 10 121 , n p ’  1 1 ~1 1 20 i / , p i r  i t / /
and ‘ ‘ ru n - i  r ies mgn has i ra -a- rn  r cc v i ’ , , t r n r ,a t i ’ n l  ex imair i rruentally and ru’ , 2 -il ‘ I ’’ i Ii ru-f’ ,

found to c ri mpare closely w uth prediction The dynam ic
af sor t am rs ,‘,i’c uc en’iployed to suppress ru m’ transm issibility
at res om t ance across a i nn , , ’ u l i ’ n i r r ’ n  n i  t c n ’ m ’ u l u n m r n  pr imary sy s ta ’ r rc  

Key Words A l usor t uers Im ote r ma ls l , Foams , Noi s e reduction

Raisults :ar u’ nIi’~ ’ ci ssu ’ n1 in this 1d m ’ ?
An exp ec t  m c uc enta l  a nvestm g at a nn of ‘ lie noise r urduct mos t
,ici tui’ vu cd by covering a thin c mrn : u l c i r plate is m I m i c  m c m l  The
u m l ate boum uriary was unconstra m nwi , Oc ue s mi lac  of t in ’ plate was
cover ed by soun d -absorbing mau en ial so m i n im noise radiation
I coin the other ,uu ia ’  for dif fer e nt coot u rumi m a t  ions of loamo

77.1 101) river was measu red anti cu mmr ipuared w mth  the no,se ueuvel

- obtained w m i ho ut any is-mom cover ,
% i ’ .c ’ uui i , l~ l)auiipnd l h i iciuiui ~’ ~l uc ’ i im h i s s  uP I . iuI I ’u l ’ i I ’
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The l u i ’en ,,vn ’ ,r of dynamic vu iura t eon ,ulisi n n i n m c m s  of m i n i m - c ,

, ucn , l  novel niesagn Iu ,us been investigated ex pen ume rmt a ll y ~nmi
fo und to cr mpar e , l um sm ’ l y  with prediction. Thur dyna m ic Key Words Air tags (so i t la nm im na j l , M m c l  ‘ n u n  . n m n r  ui nu n, i n ’ ’ ,

. i f us,i rt ,u ’ r s were - ‘ r rm u n l nmya -n i ta u e.m ppr ess the transrn mss u b , l u t y 
i r u n t iii I ‘ n programs , lir op tests , Energy absorption

at re sonan c e acro ss ,u m u ’  u ln ’ l n a ta ’  iii freedom primary system
Re s u lts are s l usc usseu l an thus u i u u i m ’ r 
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i nu ruajs .i mni m’, ec u ’ ,, ‘.inI m n  I n t u i t  ml i i -  in , ’ t n , n c c n , , c i n ’ ’ n  r t  ,i ci’ , t , u c m  r l’- u u l i ’ ,’,i , i t . u  ‘5’ . At aj l u m , . i n i / ~V1cai ’ l  , i ’ ,’J . i

gul,ir ’_i .i u ’ n ’ m I r n ’ 5 r  ‘an ’ l u g  , n t t  c - r n , ,  . m t , m cn system tl that w as design- F- y r ’ . ) i l i  l ua st i f  I s - ’ ,,, 1 i ,  P .1 ‘ m m i ,/I , - ,c ’i , CP1~,,
tI , i cnu l  i, i l r ru i  ,alc , l for ili u m m u s t a n g  an MO~,i1-34L) cn r ccr m ut ici y t,u p ’ u rr , f

~ 
l , u ’ ~I A. r , , m , m i 

~~, 1 1 1  2) , t m p  1-17 150 (A m , r
l Imited mi ii cl i ’  IRPVI  Th ai im pact bog w as a l i g htweight i i  /1 10 fu qs , 1 1 r a ’ f s
S tn , m ,  t ,mC m’c n t t c n n u i t  , c , t i ’ c  i n n  suppo rts m di i i  t i , i V r n u r i  rel ia ble .
c,’i,’ , i t , i l , iC ixug u ,n u ’ csnuni’ cc-I m ,i r r r  nf , cu r s ,  Elasto metric cu r c ,tm ’r alt

si, nt. i lnl i ’  f ,r thu t ,,tal t n ’ n c c i n n - i , i t u u m ’  m ’ n n v n m m r n r r n u ’ot were used, Kn -y  W rurds , Nouse barrmers , Nnnn su ’  redu c t iu r m n
it nr~ t uum ’ cs n ur ’s ,ac ui l HPV Iuu ,,uls r u n ’  i n c u s l u c t e m i  for luot im vert ical
.und c , . , c , ,’ . , c n t  ml m i  nm my  ,, n u u c r u n n n c r u ’ c u t s  Thus utaper presents a rmm u ’ th mui l  of i’st urm i.i tang the m’uu :i’ss at-

tonu uatm o n of noise tuy a thic k barrier , In this method, the
- -c n n, ’ , ’ ,  attenuation of noise by a thick barrier is assu med to
be coo’mposed of two parts , one biti ng thu c e f fec t  of a virtual

NOISE R E D U C T I O N  t han luarruer with the same heig ht amid the other t i r e  e f fec t
s-h is l ’.I’,t - o . - ’ t m a ,  I C P1 ’ ’ I ~rIt of thickness , A single chart for estimating this thickness

t i  ‘ C  t h u . ‘ t I , 15201 effec t is offered under conditions which onl y permit an
error of a few decibels , The val idity of the method presented
here us verif ied by comparing the estimated with the mea-

— —  
cured values, Consequently, this method may i,e useful

18’. for she purpose ui estimat ing the excess attenuatmon of a
II. is, Iii ~‘u ’i u’ u ’ i I-lies’ Its. ’ I ~~~~ u i t ~ I u.iif i g tu rat iotus i)and of noise by the l,arrmer whose thickness us larger than

- ‘ : ISa ml half a wavelength ,

- unu n ” ,’,, ’ a ’ F , iS P r ’h i l ’  Lu . r i t  - I N - sly , ~~ s - m d
V ‘ - 11 I ‘P “ ‘~ 35 lA ir 1017) -1 Pmjs , 5 i f s
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Kucy V5, c n I ’ — Noise n n ’ , l , m r ’ t m n m u , _ L , , r u , u n n nr i  . — — — -  . — . -I lie I ruul et’ t i< ,uu of Itsiil d m u’s \~ c uu i ust  I’ralf u’ \ iu lse ’

T i n ’ appt us- u ? n r c  m n o f an mu , nun., st call y atusor bent blanket covered F RI I r Im k u

wish ic c mmpermeabie barrier to the simm t ,u, ‘ of a noise source I ~‘ ‘ i  it cit A t ’  hu5,i tu ral S cnm-s - i n ,a~, Univ . 1 C SyRn I n ‘y , ‘ -i ’ ’ .’ ,
for the ~i n ic l n r m c i ’  ni noise reduction is termed ‘‘lagging, ’’ It ‘ -,- ‘‘ a ir ,‘, ,n l i ’c. 2006 , t ,r:clu ili,i , N in’ , ’ Cmunit r’ ul F t u , p r  -
is well known that airborne sound transmission lost r I ,n t a 8 ( 1 ) , ~~ 27 32 i LI I ! )  i,fi 1977) 10 rip 15 s - i  t~s- c annot be used to predict nuo ,se rec uluct ions for iaqgr nn~ ,,n icr —

figurations , t iart icular ly wheru the noise source contains
Sig flr t n n ’ iirit inca frequency content. A d esign procedure is Key Words:  Noise reductiom u , Noise barriers
cr - .it lined r un aid un the sacl ici t m m  of an n-i in’,,i vu , lagging con-
f i u ; i i r , u t um u c r  i n c  shut l r rwi ’ ’ , t  i nn r im, ’ lia ruaj of r m r t a ? c i ’ s t , The use of walls or harriers for controlling noise has been

appreciated for many years.  However , their aui un l ic ab i l u t y  to
si tuat ions in which buildings are located near busy n u t s  ns
s t m m c t l y  l imit ed by a number of  fac tors .  The resu l ts  of mode i

77- I  ‘.85 invest igat ions for t i nru ’ a’  a l ternat ives to th u conventional

l iii ’ () p i ’ ra tuiuuu iii ~luii -p h is ’ c, I,ass s in \uu lca ’ ( .o iut ro l h arrier are presented. These ,, I r u ’ c rua tuves  appear m r

I- ~-.- uii ~ 
improved acoustics , economics, and ae ’ c t i net  i c y ,

II) ii ,? J , u , j

I fn~y a ’ ’ ,, Su’ ,i - ‘,i , it  mm ‘m tr . u ,  nu,) “ ‘l it s- ‘ tm - P t ,,) 3m — 1 !441,

H ir a m , .  ~ n -  \J/ \ - ni’ - - - ‘P Niursa , Pr - s - i t t o l  I r r n ~r , ‘N , 77 — I 1(111
c/~ 2~n ‘ b u s - n , ’) f , 19 /7 1  ‘ ‘ is -i ( .uu i i t r u u l  of Pnu’ .i ,uia tic ( :Iu i pp ing cu tu P (

~r iiitI iiig \oinir
/‘m \Jrsn,a p ‘ ‘i i i  d m 1  J 1,5/ , la s - t r i m - r i

K - v  ~Nmnrds N ,, s n’ c,m m ntr ol Ru - u n  . 1  ~v1i n i m ’ c  P r , ) , )  No , RI 3122 . ) , 1I u  t; u l i lt / / i
5 ) tai 1s , Ac-null Pu Rl Distr , 13 u , Im r ,  P r , Bi,. mi t , l u t i ’ s -,,

While niuch has Inn-i ’ m , r iu lmlus hei in s - m c i  f n nu,u, , i l  lou mnalt on tin ’  l) .S l ) u ’ p m t  , P I r r t n ’ m  ,- ‘r “ii’,LIi i I i , l ) u , ’ s  Ave . f i , 115 f - - c u i p i’
app l i ca t i o n s  m u f  advanced n m r , u t t n n ’ u c n c u t m u  s m r  theore uica l ocoustui,’, PA 11 1213m i n I  cnunn s i ’ n n ,m m rol , 1 ‘ c ’  are t i- ca references to the m,I,eratuon

falnirphy ’s Laws , Ii,’’ ,, m i t fuum c u I l u , i s t r , i t m s  t i mu ’  nu ’ Im ’ vc , c in : m ’  mt
these laws to fasnul n u n  n r u n ’  problems. K n ’ y Words: Tools , Noise reduction

Pneumatic chuppcr m n u, scaling, and grinding can expose thur tool

— —  
operator to nouse levels in the range 90 to 120 ulbA In most

- I 186 i : I m u uu u , um mi u and sm iling operations , ca stnnm t resonance it the
ii Ira’ I ui iii uuu l  Ii ~ Ba rr ,c rtu — . Part I: \ ii lime ’ I{ ed III’ ti nt. pm inn ma ry  source ii f no use , followed by air exhaust - and ma-

li ’. a ‘l’hiic k Harri er chine arid m ’ h i c e ’ l resonance. In grinding, the a i r-es f uaust noise

Ku
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1077) u and r r u u t ’ n n l u n u c c t i ’ s  r u m ’  f lat sided ,1 u ’i ,nmta ’ t nu u il and ‘.5 un-stringer

s t ruc tu r al features of ! , , 1 hm a i rc ra f t .  I nu tn a l  resul ts st tow good
agreement with measured noise t ra nsmit ted into a c m-n r . im i n 1 , m l a r
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Some appl ications of l ) iaste board and wood wool an indus-
trial noise control arm ’ given Any spurcn tnc  sound , n s u lat iomi
results quoted have been obtained in the laboma ’ my r un —
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ACTI V E ISOLATION lii ‘,m ’uSA I ,i ’ , i il u’ V P iu ~ ‘ ,r ‘~~“t A r t  a l t  ‘ u ” , g runt

ri m - r n i p  P t r r t , I r ’ c ’ i ’m ,pp fj2/iiLiO) ( 1 ’ J / u 0 I s- m~’/  18081)
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I i. -~ ‘ C ‘.1 - - P u Elnqr rp , P I t niv , 0i [ ‘ l u l l ,  . Sosuth noise is pn n ’ ’ .u rum t m ’ m I  Ful l - scale data on the u n t m ’ m c s i t y ,  spectra ,
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I ,1-~ 187 2, 10 and duma c u ‘ n v m t y  of thus noise source are evaluated . Vibrat ion
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-— of pane ls on the aircraft is identified as a possible addit ional

i L ) , ’ , ii ,,u 
‘~ 5 Iuys , 2 ib I s , l ’ n  r ‘ ~ c o i ns - u’  of air f rame noise , The present understanding and

methiuds ion Pred icti o n of other com ponent sources - air -

Key W ri rds , Active solos uon , Suspension systems Iv us h ic les l , fo i ls , st ‘ i rs  and cavr t me s are discussed , Operating problems
Ground uc ’ tn r des  associated wi th  airframe noise as well as potential design

methods for ai rfrarr u e noise reductio n are ident i f ied .

In this ~usper modern optimal control t heory us app l med to
t he design of an active suspension system f o r a motor ve hicle.
The road profi le us assumed to he continuous and random
With a power spectral density IP .S.D I which varies inversely 77-I  193
with them sq uare of the frequency. The quadratic integral ( oanis ular \ u s , ,~ ’ ’ \ui j rmi” f ’ . lua rat’ teri mm t it’s and A pp lica-
ty uu a ’ mu’ , in, mmm ic ~nuc e index employed is a weighted sum of the tiosi to tu l sauui ’ u ’ s I t’eui1n’rsme nic Trauuvporf I’lng’tuies
integral squares ni t body accelenat ior, , dynam ic t i re def lec- H - - ‘
t i oms and relative t ,o ujy -to- axtu r displacement A solution us ‘

obtained for the unf in m te time case which is both com rnpota p i r , i t l dm10 W It~’,r u u - y  A rm t I l t  ( 1 t u m n i l m , 1’/ ’ ’sl f’,t l t t t  lin e’

muonally and physicall y realizable as an act ive suspension FL. , Its N Ai’,A I , n r i i p l c ” a  Hu t, . Cent -n P’ r - in . , i m l  h i m ’

an wh ich thu only Continuous measuremesits required are thrr S r i p n c ’ tso nur Cr - n m ’  A i m ’  r a I l  “uP, A R)  Cr m l  - Pt, 2 ,
body absolute velocity and rh , body displacement relative 14 1197 ‘ii “17 / 1 111/i’ ll
to the road. T ini ’ u u ’~ f u n r m m n , , c m u .,’ us compared wit h that of a N / 1 1 °02conventuonal type passive suspension arid found to be s mr ~
nufi ca ntl y better in prac t icall y all res pects.

Key Wn i n ’ t s Supersoni c . i i r c raft , Aircraft noise , Noise qemsera-
tuon

Recent prograns u in t l m u ’ f ield of let noise , sponsored my the

AIRCRAFT NASA Lewis Research Cu m ntm ’ n , have indicated that the va n-

i A I ,n , - ~~,- Nim 1441 1 able stream m ’ , u m u t c u u l  i ’ m u n u m nn ’ s  (VSCE I which are being con-
sidered for advanced supersonic cruise a i r s - m u i r  have in h erent
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m m  noise advantages i’uvn’n ean l ies es , , lcmdi ’ c This n i’ luiui m as n ns mm I s - s - (A,- 1) 5 ’ n f m  ‘.‘i l b , .11 ni l P V PP i sniPuIs

cerned c a , t t n  ~~‘ ,ul u ’ c m mr , m i n’ l rests , m y ’  lu cha m nm u n -s , ana l operat ion St,i’ t i  m m ,  I Ut tuv ,. (.A - H I  I Nm NASA- I iii / 73077 .

modes sum ule t e mm m m nm’ the I n ’ v a ’ l c  of i ’ m m m m c ’ A Ii ‘L II, In 4  p ,~ r N’ - V

N7 7 1 7828

77.~ 1~) % Key Words: Aircraft , Airport noise , Noise reduction , Com-

( Ituanuu t h ar Plug \u u, u s  \uus,’nc R,-tl s tt ’ tioi s and Iiuspa t ’ I pu s eruzod s ,mu l at non

uu t I’lniliaimnml ‘3 -s s t u-umi I)i ’si Ens A com p uter s imulation of the air por t noise impact on the
1 1 surrounding co mrmm r munities was used so evaluate alternate

A m m i  , r s - c  I m, ~ m m u n  P r - c m ;  - - 
( 1 , , , ’  I a l El ’ ”  t m i ’  Co., f’hila- operationa l proc ed ures , improved technolog y, and land use

I I) ‘ I  - n P u n’u mr NA’ mn ”u L , u tr i u b n ‘y In” , (‘Iu,t r t n  ‘ r  I’uru ,i conversion as methods of reducing com munity noise impact

- ‘ C  t n ’ ’ ’ ” ire ” ‘an utmu s - ,  (‘It n i m ’ na ’  ,‘\ n c  - m P h  - SCAR I Ci’, 1 - 
in the airport vicini ty,  In addu s u o n , a Constant densi ty po pula-

Pm 2 21’) r
~ ‘ 1 ‘ ‘I /u , I ‘ , N / / 1801 1 lion distr ibution was analyred for possible ,uppl cation to

other airport communities w ith fa i r ly  uniform population
r J71 1 - I l l? densities and similar aircraft operational patterns.

‘— “ v  W r u m m t ’, Supersonic , u u n c m u t t , Aircraft noise , Noise reduc-

tion
77.1 197

Reducing m t n n ’  noise generated by huu l iu velocity lets has I-,t’fects of Airc raft \uijc- ,e on I” Ii g IuI and Ground

cmi n m tmi um , t i ’ n t  engine des igners and acoustics w o rke rs alike fnr Structures
ml ,” l n , n s t  t uttm ’m - cu years. Some of the let noise suppressor

IS .  m,.t ‘‘ci m m , - - V~/ I—C ~m t~i ,’~ , , 111 , 1 1, LA . i/ rj ,C l lS
comcf iuj urat uons that are investigated are shown,. This work

t r i m  to she co ncep t demo nstration and sca le model I ,ir spI n y P! “; ( m - m m ’ s -  , Ntn ’cA , La n, ’  p lm ’y St,i ’ Im in , VA

t n’st m nm l of cnannular plug nozzles w ith inverted v e l u m C i t  Its NASA , I l l  c p b ’ ‘y  I In ’s C’ . m , t ~ ‘ m Alt- m u ’  C o a t ’ ‘I y a’’ I

~umof ul e . and t n  the preliminary study of its app l icat ion to l ) ; ir ’t ,utr n n p Pm r , I , lu ,mtm m S , r p m  i ,1 11 ,2)3 P 1 i l / c d ( N 7 7  1 131)811

advanced v i m  m u tm ,1, ’  cycle engines I VC E I appropr iate for / 7 181
supersonic ‘ m u  m ci’ u n t n ’ i

Key Words -Au r c ra f s  noise , Sound transmissio n , Buildings

77- I  195 Acoustic l oads measured on ct-pow ered STOL con fi q ura-

I i i i  n u t  8,-net -ar t -It lit S.ui ’u,’ - I1,~ si iu ~Iiiu itt u ’r,.aI ~~~ 
lions are presented for externa l ly blown and upper su rface
blown fla p mr eode ls ranging in size fro m a small l a i morato ry

(. ‘ _~ ,,n n I- -tm ,~ nil 8 .1, s- , l ,i - model up to a fu l l -sca le  aircraft  model , Thu impl ncat iO nms of

a ‘ p l y Re’s 1’ , - c  m s - c ’s - NA’ ni’u , I a m nip l u ’y ‘ I , i t Ion . VA  - the m easured loads for potent ma l acoustic fatigu e , u unnf  cabin

I n ‘.ASA , I, am n m p l u ’y ) ) i” , Ca ,m n t e ’m Prom .’ ’ ml t t u ’ ’  Su n; mu t t ’ noise are discussed , Noise tran sr nu s s ,on ch~ir ,u i : tu ’ m n s t n c c  of

mm m i  Cru iuse An t ’  , , af I ‘3 A R 1 C’ a , I - ~ 2 , 17 ~up light aircraft structu res anus presented . The relative umpor ’

I II  I l , ,  ru ’ t~ ( N i l  1 PC ’ 5 
lanc e of noise tra ns s nission paths , such as fuselage sidewall

and primary st ructure , us est imated. Acceleration respo nses
N77-18023 of a histo ric building and ~i residential home are presented

for fl y over noise Irons subsonic ai mut supersonic aircraft.

Km- v Wru m nls Rev iew s, Supersonic a nuc raft , Aircraft noise . Possible ef fects  e,n occupant ,,u m m t m t n n i  t are assessed

Sonic boom , Noise reduction

A review is ,jiven of several q uestions as yet una nswered
in the area of sonic-boom research Ef for t s in the area of
mi nmmmnu za ti on , human responms e , design techniques and in 77-I 198

nhu’ vm ’ Io f 3i nCj higher order propagation methods are discussed- ( a ht -st la (j sutt of I nnitead~ Subsonic Floss A hinosil

In addition , a wind-tunne l test program being conriucted h arm onically Ora’illat iuug Vs lug/Body Configurat ions
r u m assess the val idity nut minimization methods based on a 8 l i - m m  n ’ II ) 3 i ’ n tmm ’ k ‘ ‘r a r m ’  I A - I
trurward spike in t i n , ’  I’ - fu mx, 5 mu m us desc r iberl,

Nat , ninr , u P  A u ’ m n , ’. p m . um m ’  I ,il,u NLR , A’’. ’,tr’um i , l ’ m t , lii i ’

N n ’ t i r ’ ’ t l . n r u i l ’ ,, .1, A r m ’  r a f t , 14 15), rpm 4.1 / 45.1 uM,iy

10771 1/ tr n ;s , 13 t n t ’,
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Fl Sal mat ion of Slet It ud ii iii It ed uu’ ing Co t ut iutumim it y K umy VSu ni Is A nrc ra f t  wings , Wing stores , Flut ter . Aero-

\ u , isme- hu np a.-t , ‘t r iet tn ul San Jose ~Itunu ’ ipaI \i rpo rt dyna mic loads

- —~~~~- 
---~~~~-- - :- .. - - - -- ‘~ -5” ’  ~~~~~W’~~~’ - 

‘
~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~ 

—
~~



A ‘in’ sm n m t i luon is m i nvm ’ n u n u t  .u panel methrxi liii lhu• a Im n l i . l t i O i ’i 77-I  SIl l
in I tIn,’ , m , ’ , , , m  l~ m m m c  na ‘ L m i , uu l i u u n on u .,,n u m n , m u u n u  il I y nv nI l  ut i mi n i  ;,-nt—ral % slat ion ( ra,shi Salt- I y I’rogrant at h-aug l es
w i n u u , m n , n  Ii con f igurat ions in sulus c m i  f low , Nisulis t m m n , 1  t l n u ’ n n  Ks—sean-l i I , i ’ i i l t - r
‘i,1~~ ~~~~ m en , ’ imuasli ng on r i m , ’  i n t t , n , . n  s u i m t , u u  m’s is . i s s uu n , i u ’ u i to

IL  n I t , ’  i t t  sm run
I n ’  g e n i ’ m . u m m ’ m i  nt, ,i n i , s t r , hutu oui nt  m u m m s t m ’ , u n iy I , t m m n n , 1  I n c m n r 5

t i m e  I m u . u n i ’ . n u m u  t t m n ’  btsuly m u , ’  np  mi-c, ’  m n t , ’ n l  by m u  i m i c s t m - ,a tmy -,,uuru n’ L, tm t u n p t u ’ ’ , Ru” I , n’ m r t ’ ’ m  - i.J/ , ’ ,/ ’~ I . i t n ’ p l ’ ’ y s-ul , u t u i A t m , VA . ,
panel m i , s t m m t u rion A way as , n m n l m n  , ntu’u l to introduce inn ’  effec t Itu NA’~i’1 , I . um i m ~l m- y PI ’ ’’; ( h u t - n  A n ’  r a f t  c

~~u l n . t

iii t t u a ’  ~t m ’ ,ud y flow mnso r h ’  um istear ly calculat ions The ’ (5 ,’  , . i t i r s u ~ (‘mu , I , I u , s - c n s  P : 1 , 1 1 ‘~ u i ’) I 1076 ) ( N77 180811
‘ nun ’ t ln , nni u u ni ic i n l i ’ c  line al mm m l mui t il n r n n ’ l i u r n n ’ n u t s  as we ’ ll as ala ’ — ~ /7  18101
r,unl m’n l pressure m I s c  m I n i  t m m n n n s  on lss t f m the l i f t ing  cmi n i . u i ’ i’s anal
t tuu ’ bodies The ,i uu uul ucatmui l im y of tt i i’  method is shown in
a cOt’Tt p.mn ns,’nO c f u’ .ili’ uil l ut i’ri and u ’cuu m’ i mental pressure and Key Words , Crash research Iau rcr af sl . Experimental data ,
load mlussn mb uti o ns uun a wnng / tmp rank /pylon store coot guns- Nonlmnear theories , Energy absorption

The purpose of the crash safety program described in thus
report is to support the development of the technology to
define and demonstrate new structural concepts for improved

77-1-199 crash safety and occupant survivability in general aviation

F’hti tt er Su ppi’ i-csluui ’ b~ ~~- t i se ( oruhr ’ut l and Its hIs-tsr- — a i rcraft .  The program involves three basic areas of research.

H 
‘ full-scale crash simulation testing, nonlinear structural

- analyses necessary to predict failure modes and collapse
P1 V Di “ I - A ’  U , ,Jr , a t i rl .1 t - I i~’ , ’ s - i ’ ,u ’ r r , i  mechanisms of the veh icle , and evaluation of energy ahsorp-
(. , u m n r p ln Pl u ’ a  I ’ m-ni l’ - t  

- NASA , L , i ru np l u ‘ ‘ a  i 3 , u t r m , t s , VA ,,  lion concepts for specific component design, Both analytical

I me NA’~A L , i , m , p l n ‘a Res ( I m ’ m r T m ’ s -  I’ m ’ ,, , , t  In’ S u m  and experimental methods are being used to develop exper-

‘,our l i (h c , ~ i u /‘u I t ~ I i t s -  ‘ ‘t,I uOPI I I ’, , , r t - Pt 1 - 3~33 ti s e in these areas. Analyses include both sim plified pro ce.

II’ lI~i mc ‘ Ps ‘ I-; / 7-1 / ‘ P ’ l u , ,  
dure s for estimating energy absorption capabilities and more
complex computer programs for analysis o f  general airframe

/7 18011 response. pu ll -scal e tests of typical structures as well as
tests on structura l components are being used no va’rify the

Ku’ y  W , ’ c n l s  A i r c ra f t  vibration , Supersonic aircraft , Flutter an al yses and to demonstrate improved design conce pts.

A m l” nmn ’ m,i l  n iu s i  n u c s m u n n u  of the airplane appl ications of active
f l u t te r  suppression sy strums is presented with focus on super-
son ic cruise .nuui, r ,uit confi gurations. Topics addressed include

l , m , n ’ I  historical review , benefits , risks , and concerns; meth- 7~ - l 502
ods of appl ication , and appl icable confi g urations . Results Rempuui s nie o f -\.(u I,andiisg (;ear Ihuo r lit ~ur Shuuu , ’ k
are p resented where she direct operati ng costs and perf o r- h , uladi,u E
mnan ce benefits of an am os’ wing supersonic cruise vum h ucte t 10 C orr tum mm ,Im
es~u’p~,ed with ann us - n vi- f luster suppression system are cons- -

~\ ‘ In i t u ’  (),al Eab ,, N,uv.il S i r  ,i, n LS n . , i  ‘ n I , ’  Cm ’ m , t . ’ r
s)arerl with connesp onding costs and performance of t he
same b ase lum me airp lane where the f luiter deficiency was Srlvi ’t Op l oll, I~1b i - ( i ns - p t .  N- m Ni,V,I - 05111 - I H A m

n u m m n ’ , : n m - n i  by passive methods . n m nc n n c, m s e cs in structural  s t i f f -  ‘ 1 , 1 ‘ ,u p m ~ III ’ t 4 l u  ,o , -

mu u ’ ss l  T I n e  m i u - s i n j m n , W nthesms , anti conceptual mechanizat ion A ) I A( Ihi’ u ~~~ 1:71 mA
of t l m n’ .5, t v i f lutter sup~umessao n sy Stem ,u n mc ml iscu ssed -

Key Wam ru’ls Ia m u m  m n i t  - L ami t iu ng m )m - ,un - Doors . Air blast , F nine
el em em it t itc h n mm b e , i n  m c m l  i i ,  t i ’ m proqnan’i S

77-150(1
( all is , Safe ly b~ ( ra ~ l Sst ,~ i~al l t , ’ su nnun isi ’  n t  an A -6 A f t  Ma,mm Lanr lmnq Gear Door t ic sm ut mc

H W ‘ I — n r c ,  
, m m m , l  tr d nseent pressu re loads has been calc ulated with the

F,’nl , ’ r , n l Avu ~ t u n m m A Rm ‘i n,, ‘m u m ,  ci t,j s 1 mm , c , , p  NAST RAN f ini te element structural  anaiysms computes
,,e l n ’  On the basis of manufactur er ’s static tests these doors

‘1 m . u mc s t , m m m , i t l ’ u r a , S,~nI u
11 ‘~~ Nuu 7,’~ 411’ n 1 lu >~

) , i c iv i ’ I nn -u -mm u ,u mu s n il n ’ n isl so Iii ’ the struct u rai  items on the pI ,, n iu ’
7 f i n 1 ’, - 1 r i - I  ‘a mm , must si mm 5m m iv ’ - to lu m m ’  a~ load m ug U isp l acen ’men tt calculated for

St ., mum I n in I mint compare t av au t ab t y with i hose measured on
Ke y Wmmmn t s Crashworth m u c u s , Cra sh research l au rc ra f t l  t , ’ s t S

T im is paper lit intl y mm it u- u developm en t of crashw u,nt fr i  ness
requirements promulgated in pernar m en l airworthiness Stan-
m l , u rn l c  hu m general aviation ai rcra f t  Primary er’npl’uas,s us

foc u sed on , n m , r e ? m  t m im i  of aircraft  occupant s in nh , ’  su rvivable BUILD ING
cs.u st’r n ’ mn v m m m n m u n m m n ’ n n  r I C’3i’u ’ Nn i ’, h- Il l , t -t , iII
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- I D ( 1 m m  u m m  h u b ’  H I ‘A - sj m s - n , .it su l  V L. in - u  -,- ‘4 tbration-Resistanl Mount for Process Instr iut nent

tI n ‘II m I ~ 1 ’ ’ r Co - I mn ’ .5 - m s - n ’ -  ‘, Iii ‘ p i t  N’’ Lines

N”s ’’~A CR 1-15121 1 l4i~ r I m  I l I / l i P  n I t ,  h I m , ,  l i t  Dry. ,  l, J o n m m m r ( 1 , i m t i r n l u ’  I n r ’ I , i ’ ,T ua l Cr t ; m  B ru I t

077-18 1 II , N m n  167 ) A r f i l s t i m n n n , ul jrttm mt,’ m , i t r i , n r  ‘‘ ‘iv m m ’ o h t a i c s - n m P

from u n ion C - i n S - t m ’  Corn , Nc’ l ’ ’ ,ur Vl ,v - PD . 0-

14 1o , ‘ i i i - ”  a i r , I -V  . 1 23 1 ) 1,in,,’5 Words i ln ’ Inu . n u u u t e rs . Vibration response , Computer
pro g man us

Key Words. Mountings , Vibration control
Level flig hts airframe ~, i , m, , t mnunc at main rotor exc i tat ion
f r equencies was n , i l n ,mmI. i tec , i  A NASTRAN taulboom analysis An improved mounting for process instrument lines has been
was compared w ith test data for evaluation of method s used developed. The mounting consists of a small Teflon bloc k
t in  determine n ’ i bm ’ c tu v i ’  s kin in a semimonocoque sheet - secured to a unistru s strip which us tack welded to t he pro rn
stra n ger  cmi m s - t r i m ”  1’Imn ’ t l i n t ln r  vibration correlation involved cess equipment. The Teflon bloc k is grooved to mate with
com p.imnsi,mn ,, I lev el fi nc h , t s m l u n , i m u o n  f i r m  twa, h m I n n  n m 1 m m u ’ n  con- she unistru s and is also grooved in a manner to firmly clam p
figurations clean ~s ,c i r I  at tight tr uss w a - cu l bn t  and w um m n u stores she instrument lines to the Teflon bloc k . This mounting has
ut un, ’ ,~~y ‘Ii c rc ’. we ig ht in the n ,muliunu m ,n m , m ,mn mi ’ I ~~t n mum , tieftet - been found to be resistant to vibration and tem peratures
t mo n s , u c n n l  , m , m n ’ , c n , m n  ioads were m ,u mmv n u i a m n ,d using sm r mc test up so 400 degrees F . Use of Teflon allows for expansion and
uf ~~5a and , m N A ’ a t  C lA N  , mmu ,m uy s n s Arm m t i ’ m i t u v n ’  pm ocu tdum e was contraction of tubing to minimize instrument line failure,

m m , t m . r , - n n n n m n m u ’  the arriounnt of ef fect ive skin of buckled As many instrument lines as practical may be seated in a
panel s untler n i u n r m l m n m - s . . n i i m i  m u m  t single mount. The mounting us presentl y in general use ,

Potential industrial application could be for mounting in.
st rumen t lines to vibrating equipment.

77 1511$
Iii. ’ F.saIuuat ,u, ts m i t  hlunuan F ~posure to hlelucopt.- r 77-15(16

‘4 ubrat uo n ‘45 1st - l ine ~ (:~ Rear Suspension

s ? ,t p ( n r l t , m n  0 ‘ n. h - i t ,

— 
‘ I ~ ‘ m m m c ’  P a m ,  I 15/ i f ,m , u t n . rn ( ‘ ‘‘ ‘ ‘m m - in I L n r u v  nt  l n n ’ ,t nu , ~-1. - I i I r r-; n (‘ t ’  - 

1(11, 1 (53) , i ;  oIl li _ t m

m m l i i ’ s - ’  ‘I I’ mm , ‘ - t i  ‘ i s- ’ ’  hO t I ‘ i’ I mN II U’ A n t ,  u ( 1  ‘~~/ Im I 11 fun ‘a , 2 t i P  m m ” ,, l i t  m ’f s

narmt .  I - 81 I ‘ ‘ a , u ’ u ’  i i  I 1 ,’ )  ‘ ‘ l an 1 ,1 .1 1) 11 pt ,
1 t a P , ) -  4 /  m u -Is - , Key Words Sus pension systems Ive hucles l , Design tech-

mci ,  in ’ s

is- ,.~ Vd, , m , is fC . ’ lmu n m u , u m ’ m  m m n l n m . m m u u m n n , e i n u m n u , u n c  re Mur,ns e
Various cons u r lera t uon s which need to be kept in mind when
des ig ning rear axles and independ ent near suspensions arein m i n i ’  , m n t n n  i~~- .m design i.pj idi’ m m m l the isolation ni l problem
fisted and explored , so that a sensible compromise re lated

n m - - m s  cml  hun,man nu-sporise tin ln u ’ Iu, in l ine-n vibrations are dit-
to the veh icle type and desired characterist ic s can more easil y

cutsed Appendix A to thu s paper contains shut wording of
be achieved or approsumat ed at the des ig n stage Method s of

thin m u -sign gui de for crew expoa.inr- to helicopter vibrat ion ,
avoiding standing heigh t and bounce fr equency variationA u n u u - n n i  Ins B gives w n nm i’m-n t m ’ s  ~riples s h N~umtq how t he urvab ua-
between o neup and ful ly laden vehicles are (lescrihed and

m n m unc procedure c mc. i ~ be applied and Appendis C provides
i l lustrated with reference to option al ex t ra  and m ut u al ly

an i,ublmne n n ’ tm , nmf of the process emopboyrurl to arrive at the
incorporated sy stems. Acc epti ng the desirability of main-

form cmi r i m ’ gu ide The remainder of t h is  r’aper presents
sei ning the same relationsh ip t i m crit ical damping oven the

add itiona l t~ ckqr oci rsd information and sr ,me recomm ends
load range, different way s of achieving it are t1e~~ruhed

tuon s for fu tu r e m eaearch ,
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METAL WOR K(NG AND FORMING
Key Words ’ Ducts , Fans . Nm m n ’ . u s -  u s - rn -mat m ini , l m m m a m n ’ nl, nr u c e

—— — Problems assocuated with pract ical  fan soun af power n m ’ ,,
I .tU ‘ surem n,-ott intl with estimating tin ’ sound power n . u n l , n t n l

‘Ihe Traits-sport and Rreakiliswn u ui Solid I,ub ri eaus is unto a duc t systemn are discussed . unc luui ung the , ‘lt u ’m m s nt

in a Siiuuple I”ors~in~ Operatio n internal fan and duct im ti ped ance .

~ D ‘O lso n ,j tid S L i i ,
‘ t m - i ,  s- ’m ’ p s - i p  , Uni v i m P  0’l,u’n ’ m , i ’ i r i s -h IS ,
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9i) 2 ’ , p ’ p ’  230 2 5 lAp c 1977) 8 I mis . S s - i  ‘ P S  (~-tifr if uga I hllower \uuinee Sludus - ne I.ite ratts re Sss i ’ses
and \oise Ms-auiss retne tsts ( F tst d es (li-ne l l rui ts ‘4neneu ,u ’se i-s

Key Words Lubricatmon , Form ;unq, Surfac e roughness a 1 (  tul isa t iois des SouI’fh-urs ( er ut r if uig es F tiidc de (a

Aluminum .il lniy workpieces of di f ferent mouçj hness , lubri’ Litteralure Specialiusee u-t ‘4 lestur en. det. l t rt u i t s)
cated with graphite . P T ,F E, , lead or polyethylene , were ( . , m S I S r t , i p m p m r i

upset between overha nging dies , Measurements of the width Dv , m i t  \‘lu,m Ii , I t l r ; mnp  , Natuona l Ru”, Co u , m m ’  nt
of the unlub n ica t ed zone formed at t he workpuece edge Cnn- a- ml - Ot t . iW ;i  - C i ,  m u ’ I- i H i -p t Nrs- DM F ~.i (
indicated that the rates of outward tra nsport of the lubri- N AC 1 r P m/ P  i~ 1, ID’-” 1 0 / u - I
ca nts were increased by roughe ning the workp uece. 
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77-1508
“-‘ Indi es on t lsu ’ Forc ed ‘4 ibratiors dssrissg (~r iuidusi g A review of the exist ing l i terature on the sub jec t of centru-

I’ ‘ , P ’ u n ’  n i/ nj , I In ,,j sa~ , h r  P S Yom n - t s r ,  fuga l fan and blower noise studios us pnesentwl in this report
to establish further areas of research needed to aid in the

F ’ d r m l ! b ’ 1  of I u n I t : ‘ . , i I (Jnuv ,, i r i s - ,  B u l l .  I v - v I E . , -development of a quiet blower Noise mnm u ’ ,usm i memt’ie nts on a
20 I 1 0’  - ,

~
,, m h / ’ ,-482 ‘ A p i s -  I ’ l l ! )  2(1 P n - j S , 2 s - , i m  i ’ ~~ wide variety of blowers used in In , ’  la bonanony,  ran g ung

13 - m s - I s  from 1/3 to 700 horsepower are dimsc m c ln c ’u i , w i th  m imi ’  , i lm 1n ’c m
of identif y m i t  important fr equenc y c o mn po nse nt s from var i ous

K u’y ~~m r c , l s  Forced vibration , Grinding Imaterual m u - u m mmu v , , I  I , types of blowers ,

Mathematical models

The purpose of this paper us to invest gate the influence of —~ —

forc ed vubnat ,onms on the geometrical accurac y of ground i ~‘1 ~I I
surface The method s to calcu late the g rinding s t i l lness , the Pu nch Pru-sus I.oad-Rad iaiio n ( haras’ t -r istss - ’ .
contact stif fness annu l the effect of geomet rical interference L ss
between ‘a mending wheel and wonkpme c e which are um 5)o rta tst ru .

~ 

,
~ , I ~,i’ - - I m 5 ’ ’ - ’ p -Si , m s - , .  ‘.1, Un rv Clii v h r

factors in grinding are shown ann discussed , Co m m s ud au rnn i m u ‘alu m l i i  r i  .311,1) A -  h n , u l m , u N- m y ’  C a c t u s - m O  P nij r , 8 11 ,1,
these factoms a model of grinding process us proposed to , , ‘ ‘ 

-

analy ze ’ the vibration proble m - ~u p ~ 3,1 i’I ( Ian/En s-h 1077) 1 N P u’~s , ,,l h. u t  lu” , 8 c m l . ,

Key Words Pr et s es . No us e generation , Sou inu l tnan sm mss i on
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77-1509
Fifes- ta of \rousuik Loadis,~ on A,s ial Flow Fan RAIL
\u,j ap (eneration IA v - i’  N .m -2 11,1

64)

-



7 .13 l ’ 77 -1 5M
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Key 15. , mr l s  Tnamways , Noise generation , Humats- response

Key Words: Railroad trains , Nu v us e generation
The u ’ n n m ’ , n t of annoyance was studied mu populations exposed
to yam ious levels of mixed tramway and motor t ra f f i c  noise. In order to l,e able to estimate noise levels in residential
Thu t un sp o nd er mt s were able to distinguish between the annoy- areas it i~ important to understand 0m m’ mode of propagation
‘mc mi u’ caused by the two types of t ra f f i c .  With an us icreasun g of railway noise in open ground conditions , Esperiments
number of heavy vehicles annoyance due to traf f ic noise were cond ’j c te d to investigate the e f fec t  of trai ts type and
, c r m . n u  ass - n I more than annoyance due to tramway noise in speed as well as distance from t ’ re track on measured noise

I r, uty t raf f ic , levels. Data are presented which show the effect of all th ese
parameters and a simpl e procedure is outlined that al lows
the maximum noise level at any position us a residential area
to be estintated

77-1513
R a ilw a ’m \uise Propagation

I l ’ l , i t t m m ’  77—1 5 16
S- -,~ iss n i l I s - s t  r I 1 ’ - -  5’ , ,  m l ,  r m p ’ ,- / 5 , ,  Ir 5-v o n Railroad and Rail ‘(‘ ran sit \ t uina - Sour-cs-s

u s - i l .J S m , i u r m P  VmS , 01 31 , -p m (/1 388 11,1 1 8. H. I - t i
1 - u / i )  ‘1’’ n n , - ,p - , n s - , O i , n n i  n , S b n ’ m ’ 1 5  ( S ’ n r t ’ ’ n , I_ I S , [ ) , - s - b i m i  T n im ’ a~ ’

- , m c  t , i t m m r m l  I. ’ - ,  t ,~~J P p i : , i r m ’ , C , u ’ u l n n i m l m p m ’ , MA 02147
I’. m ’~ Words: Railroad trains , Sound tran smluu ss ionl .3, 5m mn m m m i  V r P ,  1 (3 1 , ‘p ’  /10 -: , I A t mr 8, 1 - P  / 7 )

12 lu ’ p s ,  -~ s - , u I O r ’ s  / / t u t u
The pmopag .,at m on of railway noise is characterized by the “n~ mm n r r ’ ,n ii ‘9 1 ’ -, t I n ’  P ‘ ml u i u Sil as ’ , I u ,ut is Iu  AmP ’ ‘ r n r r s b m  ,it i n
typical arrangement of muoise sources on a moving train ,
The rates of sound attenuation with distan ce are determined

Key Words: Railroad train s , Noise generationfor peak levels and for the equivalent steady soun d levels
in then cases of omnidirecti onal , and directional sources,
The means of noise contr ol within the path of sound pro- In this paper recently report ed measurements of locomotive

and railcar noise emission are review ed and presented for usepagatmon are discussed ,
ur n making such design predictions , Locomotive noise is
largely confined to the range of 75 to 95 d Bt A )  at 30 m
1100 It ) for all speeds ,

77 -151  ~
Rail wa~ ‘4 chid e In t e r n al \u i iw ’  7 7 (  17
P A P i m p , ’  ,1c i - P  A 1 .3 - t i - i t  I~ Rails ~ a~ ‘~oiusi- Anno yan ce in Residential ,‘4I’eas:

r u P / i ) acsi I .‘, m i I ‘ ‘ i m b m .  P - m m , ’  I’ m , r I), mu- P - P I n ’m I , y 
Cu rrent Findings and Suggestions fo r Future Re-

1;E2 8UP , ‘ a 
- j  ‘ ,m , m u m n m t  V - h  - ,~/_i 1.3 1 , n p ’  - 1 1 1 1  4 15 search

i t_ p t 8 , I l / / I  12 Sup , , 1~l m a ’ t ’ ,  J lvi I i’l l’,
l ) n ’p r t I)) Sn ’ ’  a l S t , i tr ’,tu i s, U niv . of S u ’ i i b l r . i i s - m p ’ t i m i u

Key Wmm mmls Railway vehicle’s, Nuimse generation ‘ m m m i t  t i ,jn nr ptnn 5(pI) i nN ) )  p - ‘ J ‘- O r ,  , n u i l V i E m  - 51 13).
r i m  ‘ /4 P m I m I  (A pr 8, 1 9 1 7)  3 f inps , 1 tu rI n ’ . 14 i t slOin’ mechanu sm s by wh ich noise reaches s he passenger in

rail vehicle are discus sed , A summary is given of the basis
Key Words, Railroad trains , Noise generation . Humanon which suitabl e sp ecif i cations for the interior noise level
responsein a new vehicle con be select ed, Methods are described by

which the acou stic performanc e of a rail vehicle can be F ive published ssudie s of railway noise annoyance in resuden-
; mss m ’sSi ’ i f as the design stage. Areas requiring further investuga- tu al areas are reviewed, All the studies find that annoyanc e
n on , in particular the prediction and Control of the structure- increases with railway noi se levels and number nil train
borne noise input in a veh icle , are highlighted .

61 

—- -——- -—



: 7— 13 ( 11 T I m ’, 1 m ,u~~n ’ m mu ’ vnu ’ , % ’, I n ’  c u u u m n ’ n t  dp p rn uach us n u n  m u mu n mm -n inn

\ ‘ ‘ ‘ ‘ ‘‘ anal control nil ‘ r u m , ’,’’ i j mj mat u is n froun u , m uluu i , uu l  l nn n u ln i n . s  - n u n m i
u ui~~uJi u’s ,~ i at igri 5lt4’s u t i rains

n ’ i u ’v , u t i ’ n l  nail t c , i c n s m t  s t u n m u  t r i m , ’ ’ ,  t t , m ’  n m ’ s i i l t s  n, f  u u n n u s u ’  rnu’asure
V n c r i b a m ’ ’  P m ‘,“ ml In - t m u c u s - c u t s  niman a v , n u i i ’ t y  t,f iii m I n i’ auuil n ’ ln’ v ,itn ’n l rail ‘,t n nui ,tm u ru’s ,m mi ’

r b ~ .t ‘ I ’  I ,~ -- t i n -n - I m ’ m E n ’’, I n . a n m s p n u t  ts . ‘ - m s - n ’  ‘~~
‘ sut i’iutsanm,mil ui0 t i n s - S n ’  s tnuctur ums arm’ monk ordered according

‘,, ii .-i t u r n t t  ‘ t ‘ P m ’ m m ’ , i , ’ ’ n - m m ’  ‘ I ’ m u n m i i ’ ,, u u r i  u ’ s , Ili~
) , to t h em su del u c n n ’  nois i’ levels, Isletho ds fa i n the c u m n i t t u i l  ‘ i f

a v i ’ n m i u ’  ‘ , , u l ’ , , i ’ P n  , m  A I I i ’ n r , P n -  , , ‘ u ’  ,pm m P - / i -  mm , P s - u n  a’ , enlevatec i structure m m m i ’  o ne discussed and the mi s - su i t s  ml

I ‘-- m m ’  ‘ ‘ m  P V P ’  ol 191 p n p m  , m ; r ,1, 1 l m \ j  8 , ~~ / 7 )  actual field ept ul icatmons of t h ese ’ tmu s - u t nu u i s - u m ms are summaruied

1 n I P - 
‘ This article also slemse ribe s a new ana l yt ical  model capable

nu t  c’stutnatmng the ef fec ts  um f structural parameters on both
vibration transmission within , and noise radiation from , an

Key W mn ud s Rai l rm va ml trains , Noise ulenenation , Acoustic elevated structure , A sarns-mI e ap p lication of thus model us
signatures , Humaum response used to evaluate several methods for nois e abatement on a

composite concrete ulec k , steel plate girder structure. A se n
The noise signatures of three types of French trains lAero - of recomme us dations for further research are given .
t ram us I 80, Lust train lRhodanien l and tur liotra mnl were
presented in she laboratory to 24 persons who gave annoy-
j uices - scores to eac h of them . The aim of this study was to
compare the resulting comfort ind ices with some acoustic 77- I 5I~ I
ch arac !u ’m nstmcs The peak.level showed she best correlatio n F’is-Id Measur ctn s - ist s of t h e  Vibratio ns Propertie s of
wmt h n1n’ ~~n numn fn i r t , ,F,Ieva ts- d Rapid Transit Structures

I Vu ’ s -’ , ’ ’ ’  m .i , i m r , P  M, I Silver

— — I ‘ ‘ ‘ p - b  ml I,l . n b u ’ r r , u l s  I n , m p m ’ p  - l l l i m r r n r s  Univ ut C f i r -  u ’ pm n

- 
C m i i  l m ’ ~ Chti , u m p m r , IL , . IP u ’ p ’ t No, DOT ’III / t 1 ’ 4

Floating I rack Slab lsol at io,s for Railways 83 m m  (Dec l ’ P  / Il
P 1 , ’- ~ , , t ’ s - i t r l i u s  P ’k ?i , , / 2 2 l ) / t n I l A

c ’ b i t . , m r - p m ’ ; - l s - ’ . p m u ’ m i , u I C ni l I i - mp u ‘ m l  Sr ra s - m i m ’ m ’

I n ’ ’  I i i u m n l n u i p y  I - - s - m - P - i ’ -  /‘m ’~Si /  2FI X , U~ 
, J , m lm r , n i , n I

Key Words: Elevated railroads , Vm l ,ratuon measurement
cj~f ,  - ‘ 1  ( 3 ) _ i m p ’  2 ‘ il;’ ; i / s p i t  8 , l i / I )  I~ luqs , i n ’ t ’ ,

Vibrations induced into rail rapid transit struct ures may be

K,” , W m , c u i s  Railroad trains . Nouse reduction , Vibration radiated from the structure as airborne noise that d isturb s the

isolation rider and the wayside community or as ground borne vibra-
tions which propagate into t he foundations of wayside st ruc

The nj m s tu r i n , muu c m ’  of noise and vibration which can be caused sures setting walls , floors , and common household items into

by a railway running through a residential area can be el im ’ annoying vibration. This report describes the results of field
noted altogether by boxing the railwa y in and by providing measurements on existing steel elevated structures presented

a floatin g t rack slab. Care has to be take n so avoid slab tO aid t rantit operators and engineers concer ned with design .
resonanc e and a most effect ive type of co nstrained layer performance , repair , and evaluation of steel elevated rapid

damping technique has been applied in at least two instal la- transit structures ,

ti o n , Th e effectiveness of the ftn suu tnng t rack tlob sys t em has
been proven for thu cu t-and-cover type of construction .
A proposed design has been given f uut a ftoating track slab
inside a bored tunnel without n un , increase in the tunnel REACTORS
diameter

77-1522
77-I 521) Finite Eletnent Nonlinear Transient Reapoisse Anal~ -
Prq-dis’tion and Control of \ouw- Iron s Railwa y sia (if Simp le 2-1) Struct u res Subj es-ted to Im pulse

I3u-~lges and Trac ked Transi t Elevated Structures or lnst pact 1,oad s
I (S m m .- - ‘,ie’rI .J ..J .A Hmmmha l and F A W m t m m i e r
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‘1 l i m p ’ . 2 ,~~m Pm- ’ ,, ,)4 m i t ’ , 1,1/ 7P m 864/1 (“A

Key Wnrd s Eleva t ed railroad s . Bridges , Rail transportation . Key Words: Nuclear power plants , Impac t response, Finite
Noisp predic t ion , Noise reduction . Mathematical models element technique

62

— ‘ ‘ . - ._‘ i— — — ~~



—. 
This t i ,  - ly con , I m u  I ‘mu n ’ s  m u m  t I n ’ ’  devi’l m4uni’uetst mit u, am ’ t am: , ’i A si, us-u, u_ mm nm : d agnostic appi oach for dent erm mutat ion of , h’

methods for i - i ’m l um ’ mn m cm i t he I ‘a c p u ’  m bu ‘h i-u u r n ,  mm elastic -p1 .i S m ’ ,  tum ag n ut uuJe m mm i I nature of St ructu ral~vubrat ion related nc, use
transient structural n n” ,~m m n c u ’ , m ’s of struct uute s which m u m ,  sub- m l u ’ m m u ’ m , i t u s - i l  fuy  a m ac h ne or components has been developed

tou i to ima rus ient and m nn hu ,uc t loads Ap iml cat m ia m i m u ,  ti m ’ Qu n untutat ye estimates of noise produced by the vibrations
St m m m i  iii n ml n u un n ’u mt ional sa t i-ny m u f nod n’ , mm l,ow er plants is ‘i i  rid iv udu of structural components are made by using

i- inn ,  s m m h e ’ um ’ u I The use m l higher -order us$0 nued - ml , s 1nl aceouem ’ut St u t i’ m ii ml correlat ion theory , Success of this cross-correla-
f mn m t e  elements IF El us m n v in s tmm l .mnm s - m l mu, seek c u n n m m m ’  e f f ic ient  lion technique has been i l lustrated by its apt ih icatuon to a
and ,mc : m ’ r j rato strai n predictions these studies were carried large n l , m ’ s n ’ l  engine. An anal ysis of both the acceleration of
m u u ,mt for 2.d structural deformations typical of lsean’i s and v r i c c  mm ,nn, ~ m - m n n u a u u m u n u ’ n r t s  and the noise produced, il lustrates
n, m m uv m’ m l rings to in m u m  ale co st and Iii mnnn - using various mi, how it n acm mu ’ u semi mum m m  aiim cc , ’  the cont r but ion of structural
I ’ m  Is u muu , m t m ,  us to the nonlinear tn maim, iii spl acement relations v hr anion so the total nois e t m i n

s , cn a j , I i n n s ’  aim II as-c t eons and rotat ions nones -rI to he taken unto
m m c m ii m a t, Predict ions are made for these van moos I- E tncm alel

for impulsively loaded beams and a Ins - i’ initiall y-circular rung,
for which hugh quality expem uu ne mn ta l nmus- .ss uren uents of strains , ROA D
and I n t l . -m tuons are ,uv , u r l , u l n i n ’  r u 5 i~~- ‘‘‘n ’ N -s 1 2-2 ’ - P i n ’ m 14/7 , b 4 / r I , ‘b e ’ , , 1 ‘ ,r i6 r

R E C I P R O C A T I N G  M A C H I N E  77-1323
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Key Words - Surface ef fect  m achines , Surface roughness ,

Bull os- ME , 20 ( 1 - -1 7p  p m p m  , I i , u m - 4 7 4  i A p r c  Dynamic re sponse

1 ’ )  / / I 7f’u t i p’ , 4 b , u P , Ia s - ’ ,, 6 s- n - I ’, The overland dynam ic behavior of an air-cushion-supported
vehicle us investiga t ed . Experiments have been performed

Key W,u rd s Reciprocating engines . Vibration control by running the craft over repeated rigid wave forms and
allowing it to punch and heave, Tr ansfer functions relating

Up so this clay, known piston crank mechanism s used in response variables to th is - excitat ion variables are presente d .
va m mous reciprocating internal combustion engines are in- The l inearity of the vertical plane u l y m i . a n m c m  5 cs investigated
n ’m u u . u l n i y accompanied with vibr ation , as the forces and t hrough a compariso n of the response for two different
moment caused by the inertia of the me c upmoca t ing mass are wave heights , Variations in fan speed and fart di sc harge are
not balanced . Perfect ly balanced rotation-reciprocation also examined , The cobble stone effect , created by exciting
mechanisms can obviate or mitigate such d isadvantages t he craf t  at a very hig h frequency, us investigated
Thus report relates to a gasoline engine u t u t u zung  an ecce ntr ic
geared device ,t crank-shaf t  rotary motion system as the
mnechanm sm t i of motive power. Theories arid ‘ ‘ epm i ’ m  n n n u ’ u r t s  m l
this engine ar e dunscn ubucd that us - -  vibration tests , vari o us 77 1 526
performanc e tests o f this engine which us designed by the ~ Stud y of the Response of a I)ouble Bottom ~

‘ ehic Ie
authors ninr i un anuf ac tui um d on trial , o re carried OUt to Steering and Braki ng
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Vit i  , 11 ‘‘Ii , III 22 - 27 ( A ; rm 10/ 7)  Pu m n ; s , 17 m e t ’ ,
— The paper describes the development , operation and some

K,” , W n m m n l s  Machinery compo nt ents , Machinery vibration , of the results obtained from a simulation of the steering
Structura l n , , u ’ , u nIm i~rs Noise generation , Statistical analysis , behavior of the double bottom art iculated veh icle, in par

i ,n,,,’I , u t , n u m u  techniques t ucula r the ef fects that arise when certain axles are loc ked.
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ments within the rotating lalad e ‘is-c , ml a 550-rn/s 11800 -

Four sled test configurations were employed to evaluate it sI -sup spei’d fan rotor The ve lo cm n iu ’t er measures t I me transit
the dynam ic performanc e repeatability of the NHTSA ‘S time of a seed li,i~ t m m  I n ’ acuoss interference fr inges ‘ m c , , ,  i u m n , u’u i
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- individual component balance and measured residual mm -
no sp ec ufica l ions for dimensions , seqmem nt weights , amid fount
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TIme laser v e loc mrneter , an unstrument capable of making

m’, i’y i’S - n - I s  Collusi on mi -Search )au momo ti ve ) . Es pen umen t al nondusturbung gas v el ocnmy measurements , was u sed so deter-

data , A “m, i ,pomorph ic ulumrnies mine shock wave locations and to m ake gas veloci ty measure-
ments within the rotating blad e row of a 550-mis 11800-

Four sled test co nfigurations were employed to ev aluate f t /s I-t ip speed fan rotor,  The ve loc im eter measu res t Ime transit
the dynamic performance repeatability of the NHTSA ‘S time of a seed particle across nn : :  rf e rence fringes produced
Series , I - , m n m n n n y r y m, ,’ 2 bel t , prennf l ated air hag, energy at the intersect ion of a split and crossed laser beam, The
absorbing st i ’ i s - n m m m r p  column , and I v i m u ’  1 belt with simulated rot or f l owfme l ds were o l ,ta ined at several radial nm m nersmons
instrument panel nest environments were util ized to measure for operating- l ine and near-stal l  thr o t t le  sett m n q s
the performance n t  two dens e ‘ m l i v fabricated dummies ,
In addi t ion , tests of a Part 517 dummy with T ype- ? belts
were performed to es t a lml is h  a control data set for the con-
f igura ti on . The graphical results of a statistical analysis SHIP
performed on the results obtained from rep l icate tests of ) See r,,, 1421 , 4 2 / , 142 0

each configuration are presented
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f ly-s h u s sle loom noise is one of s Ite most signific ant prob- In uuiany par’s of she an,u mr l , l , the working season of certain
ems now confronting the tex t i le  industr y A iwo-phase n u ; u i ’ r , a n m u m m c s  us severely i mmm nu ’ u l  due to winter fre ez e-up. This

experimental program to ident i fy  so umc i ’ - . of noise in a t :y - us umssentua lly true in such ,Imi,’is as earth moving and tr enchin g .
s huttle loom is described. Sound pressure waveforms ma- These l imitat ions are due , in part , no the large drawbar
diasin g from the loom m m , ’  assembled , Hugh-speed motion forces which act on the cutt ing machine as it is drawn
pictures were taken no correlate specif ic events in the loom throug h the frozen soil, il i ’du c umuq th is force by oscil lation of
cycle with impacts occurring mit the waveforms, the cutt ing tool as in passes mh rouumj h the so il us discussed .
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Key Words Vm b ra to ry techniques , Welding

A new plastics assembly technique has been develop ed which
, n f t , ’ , ’ m  new opp ortunities in product design and assembly
as well as new solutions to existing problems. This method ,
‘ i s - m c I  on fr ict ion we ldm nq, overcomes many limitations of

conventional welding processes such as part size , shape,
material and speed of operation .
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Key Words Vibratory techniques , Welding . Welded joints ,
Plasti cs

The technique for leak-proof to ning of large plastic pa rts
cml comp lex sl’m at me called v u l im , m tn .  u’s- weld ing, us describ ed,
The principle is fairly simple: suff ic ient frictional hea t ms

n ; i ’ mmm ’ m ‘ m m  ‘ m l to melt thermopla s t cs by pres sing the two plast ic
parts tm , m l m ’ th mr  and vibrating them throug h a tm all di splace-
ment in the plane of the loin s , Ji s placumment can be in either

~ ml two modes , linear or an~ ,ilor ,
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CALENDAR

M E E T I N G  DATE LOCATION CONTACT

t i m / i
AUG

So, ,e u y  of A u t o m - r i o t nv i  Eng ineers  H I t  Vanco uver , Canada S A t  Hg - A L Vim ’n .i ,-
1 9 7 7  k’ s - i ’ s - u Coast Meeting

S EP T

Vibr at ions Conference , ASME 26 28 Chica g o , IL ,“,‘lI l i -u

OCT

NOISE CON 77 5 7 - 19  Haom t ’,to n . VA  Coo t ‘ ,“. m , - m , , ’ , , m ’  Noise Control
Fo u ndation , P 0 ,  l~ ’ n ~ 3469 , A rming
mo n O m a n , ,  Ic P,, ,g i,k ,‘u’u .s,c NY 1 2603
T, . i , ’  1 4 1 4 i  462 6719

48th Shock and Vubratuon Syr ri pos iu m 18 20 Hum ’ssvm l ie . AL H C -‘ s-u’s- Dice , mm, , The Shock and
5’ , - - m uon Info Cn m - Coda 8404 ,
Nave l Res Lab - was ts - u ri gr on , D. C.
20375 Tale P202 1 767 3306

NOV

Wnnter Annual Meetimig. ASM E Nov 27 Dec 2 At lant a , GA A S ME Ii i

DEC

Sm aS h Turborrs -oc hine ry Symposium 68  f r- ious-, ton , T X  Dr . M , P Boyce , Gas Turbine Labs ,,
ME Det ,n - Te mies A & M College
Station , T X  7784 3

Aco ustical Society of America . Fali Meeting 13 16 Mien,, Beach , FL ASA Hg

1918

MAR

A p p im ed ‘vim ” ‘ u n - n -  s- Weste rn and .1 S.M.E . 25 27 i-Ion o iulu , Hawa i i ASME Hg.
Conference

APR

P umsuyr m Engineering Co , mt e n- ’ . .- mS Show , A S Mi , 3 - 5 Chicago , IL R, C , Mose ler , Rice Ass oc , ,
400 Madison Aye , , N Y  . NY 10017

‘ es Turbine n,,,,,i - s - -  & P’~~ m t . , t ,  ‘, ,,i,., 9 - 13 London ASME Hq.
ASM E

D,m’s ,’ I mm, ‘ u s - s -  F u ’ugmi’i e Pow., i ,, ,‘~ , ,m.v,m,  i’ Apr 30 May 4 San Franc isco , C A ASME Hg ,
end F ‘ m u m , , ,

68
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CALENDAR

M E E T I N G  D A T E  LOCATI ON CO NTA CT

1978
MAY

in ter  NOISE 78 8-10 San Francisc o , CA INCE , W .W . Lang

ix  So u theas te rn  Conference on Theoretical 4 5 Nas i’m v iiie , TX  Or, R ,J , Boil , S E C T A M, Dept. of
and Applied Mechanics 1S ECTAM1 Engrg , Sci & Mach. , Virginia Poiy

technic Inst . & State University
B lack s burg, VA 24061

Offs h ore Technology Conference 8-11 Houston , T X  SPE , Mrs . K , Lee , Mtgs , Section,
6200 N, Central Expre s sw ay,
Dallas , T X  75206

Society b r  Ex perir r uental Stress Analysis 14 - 19 Wichita . KS SESA , B E , Rossi

69 
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CALENDAR ACRONYM DEFINITIONS AND ADDRESSE S OF SOCIETY HEADQUARTERS

AF II’S ,‘s - c c i u - m  i ii, F m ’ , i , ’ r , u t  , , , u , , m  I InPorunation CCC(’_Afv i C ) , , u im tmr , mm i  u./u, ~~~~ lilt , l.,ir,iv, F u,r ,, cn

Pr , , n - ’ .’., n , ,p Sm, , ‘ ‘ t im ’ s  T m n r n m m i t n n  5, O n n b , m r n n m  Canada

21 1) S muc s-n i t n i t  Ave - Mouitv ,iie , N J . 11/645
IEEE I n s t i t u te m m )  EIm~rs -t r m c s- ,ul mmm c l  I Im - n , m r , , n i n m ’ ’, Engineers

A( -MA A ,‘ i , ’ n , i  - m m ,  r ;m’ ,mr M,sni,l,um - t i , rn ’ i ’ s A’,sum,’i , i t un , t i  345 I - 47th St.
1 33 0 Mm ’.’, Avi’ NW . New Y , m r k . N.Y . 100 1 7
W asf uimi ntlon , DC ,

I ES Ic, St tul le I mn v P urcmurim-n tel Sciences
A l  A /l i’s - nm,, . ,  mm mc m l um s t  i t u , u t m ,, ni l Am,runinu, jtics anti 941) I - Northwest f-l i qhway

A s l t n m u m , m , u t i u  ‘,, 1 2911 S ix th  As ,’ Mt . Prospect, III , 60056
New Yo rk . N Y . t0019

IFToMM International Federation for i ) r ’ I u m r y  of

A 1Cm 1 A nn mu-m ur - mm In St it um ,r m,f C lim ’ct i  in - nt I mgi nod s Ms-mcI, ines and Mechanisms , US Council I’
‘
~ -t’ n L 47th St. TMM , c/o Univ. Mass, , Dept. ME , Amiiherst ,
5,-es- Y m m m k  N V . 1001 / Mess, 01002

A I-f LA Ar,turr icari R,iilway Em plum sIr mu , , I Assi,u: lilt ii)fl I NCE : Inst ito be of Noise Control n n ’ i nuum ’ m ’ r  mm, ]
‘nO F - V, m m u Buren St. P0. BOX 3206, Arlington Branch ,
Cl,,, - m m d ’ , III, 6(1605 Puiuu;hkevcpsiur . N Y , 12603

Al-IS A m en , nm, Hm’ l,u ‘ , 1 mtu’ r Sm ’u n u I y  ISA: Ittst rument Society of Arrmo nica
30 F 42nd St 400 Stanwix St.. Pittsburg h, Pa. 1 5222
N w  Y,,nk N Y . 10017

O N R  - Off ice of Naval Research
AHPA A l v i n , , ” I ltu-s , ’, m r c l ,  Pm,, p , ’ ,  n ’ Agency Cede 40084, Dept. Navy, Arlington , Va , 222 17

Am - mi n ,u ,.iI Sum u , ioI y ‘ 1  Am tier mc,, SAL Socmvty ni t Automotive Lung i miners
.511, E , 4 5t h SI , 400 Conmnu ionwea lt)n Drive
Su m Y-s-r~~. N V 11)017 Warr emidalun , Pa. 15096

A P i  I A n c m m - m c ’ m c ,  Sc,n ‘‘nj nil Civil F rulineers SEE Sim i ’m m nty of En,vironru’,ental I nnn i i mnu ’ m ’ m s
14’ , 1 -t ’ . t I ,  ‘,i 6 Comu dij ul St
‘ l w  Y . ‘ml N V 11)01 7 1 mm m l, m c i  W i Ft 9T G . Immillarud

,.‘ ,‘l’ A ’ c n . ’ r u n  m m ,  Six ‘ ‘ my uI M,’n l m . n m n m s - , .,I f.minj mnmmim ’ m~ SESA ’ Society f,,r fPx pe rmmne rm taf Stress Analysis
ii’ , I b O t h  St 21 1,S m m u f n i i  Sm.i.

5.- ,-, s - . m ~ I, Y t I l t I t  7 Westpuirt , C , , u r n n  06880

/mSr’S F ‘u - rn ’  i n .  ‘,. m . m - t j  f , ,r N’ ’ n, ’ I~’’. t c n , ’ ’ t n v n ’  r n ’ s - t i m , , 1  SNAMI 1_O n, ,  mm ’ by  nu t Naval A r c t m u t i - i  t ’, ,iimmi M , u r , m m n ’
I i i, ,  u - u .,  As - .- I n n n p m m u c ’ m I r ’ .. /4 Tru n mty  P 1

I m m - u - mm , III 1,1111)2 Nu’w Ycm rk . N.Y . 1 0006

ASOC Am mie re , u , n ~~mm m t  , I. - ‘  Qimal nt y I - , m , t u - , I  SVIC ‘;i im, n :E , munmf Vibration lmm f ,m r unatium n Center
I t  /~ A ~ ‘ m m n . ,,i ’ As- i’ N,mv ,,l I fm wa tc l u  Lab ,, Cn rntn ’ 841)4

‘ ‘  - Wi ’, ‘m h o P )  If/ ms- t i in tl n,um , DC, 20375

r~’ , t si A ’ m . - ~~- ’ -  O x  m u- I - i  m u  1 ’ s - p r i m p  mmm i i M . u i , ’ t m , u l c  (J RSI-USNC lui te r rus- it i o na l Union m l  Radio Science - US
mi , 0 ‘ ‘  ~~ Natiuinal Cornrmm itttme c/u t MIT Lincoln Lab ,,
S u.lm ’ Ip l’ , . m 1’,, 1,1103 Etnx inqt o n . Mass . 02173
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