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”The objective of the present thesis‘is to’provide )
an analytlcal "exact" solution to.the free V1bratlon problem

of ‘the cantllever plate with symmetrlbally dlstrlbuted point-

LS

/supports u51ng the’ method of superp051t10n.

; Starting Wlth a brlef review of the underlylng theory

[

1n Chapter 1, Chapter 2 1ooks 1nto the. free v1bratlon of the

cantllever plate establlshlng the general procedure of the
superp051t10n method. Chapters 3 and H deal speclfloally WLth
the appllcatlon of thIs method to the free v1brat1on problem

of the cantllever plate with edge and lateral point’ supports

-

respectlvely Eigenvalues obtalnéd are tabulated throughout

“

thlS work Mode shapes are 111ustrated in Appendlx 2, whlle

Appendlx 3 shows a complete list of computer programs ‘used to )

generate both elgenvalues and mode shapes. The followlng is a

rev1ew of ene hlstorlcal progress of plate analy31s Yy
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of structural mechanics began w1th the 1nvest1gatlon of statlc e

problems/ However the first analytical and experlmental studles

i Accordlng to Todhunter, and Pearson(1) the development.

: on plates were almost exclusively devoted to the problem of free

i
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vibration(2). 'In 1766, Fuler was the first to formulate a-
~mathematical aﬁproach to the membrane theory-éﬂ piates, and to <

use the aqafbgy of two systems of stretched strings perpendicular

-

3. each.other to solve the problem of rectangular and eircular

~ elastic membranes*free viBrations(3). In 1789, by-intﬁoddcing thé
.gridwork analogy, Euler's student, J. Bernoulli extended Fuler's

’

analogy to plates(l). prever,Lgénnoulli found only resemblance
bétween theory.and.experiments'but no. general agreement. Thaihié

_ to be expected since the torsional resistance of plétesAwas not

includedwin the differential equation of motien.

As tb the various modes'of-free vibrations they were first

. v

,dlscovered by the german phy51c1st Chland1(1) On a hcrizontél

plate, he used even;y dlstrlbuted/powd , after idduction

of v1brat10n, ac»umulated along the nobal 11nes

»
‘.. B

Later, usiné the calculus of vaﬁ}aﬁions,,Sophie Germain,_

‘a'French'mathematician,'bbtafned a d?Tférential‘equation for thé

_vibration of plates. Although, the“farisian Academy presented a’

ipr"lze award to Germ:Ln for hér work im 1816 thé‘wofk done.by
!

warplng of the\mlddle surfaee was not representedgln her expre551on',

for the straln_epergy. Hoqever{_one of Germain's judges, Lagrange,
- corrected the strain energy expression by adding the missing térm;:

»

' and he is believed to be thé‘first.to use the correct Qifférenpiél'

uation of the;fbeg vibration of plates.

L]
1]
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.Although, the correct differential equationf’of the

" free vibration of plates was feund in Lagrange's notes in

1813i its‘derivétion is attributed to Navier(1785-1836).

A gfeat engineer-énd bridge'desigher, Navier is known to Tbe

the.real orlglnator of the modern theory of elastlclty The

. solutlon of varlous plate problems 1s one of hls ‘numerous

301ent1flc act1v1t1es, He derlvethhe correct-dlfferentlal' .

_equatlon of rectangular plates wlth flexural resistance,

rand u51ng the trlgonometrlc serles 1ntroduced by Fourler in

the same decade, he provided-an exact .method forrthe solu-

tion of certain boundary valye problems. This mefhod yields’

-

”ﬁﬁthemaiicélly'exacp solutions for the plate with Navier

type %ougdary conditﬁons; and thapﬂis‘the simply supported
platé.‘Theh,in 1829, Qi:son exﬁended Navier's solution to

the lateral vibration problem of thick circular plates.

¢ ) Later, Kirchhoff,eame along(182u-1887), to go a step'

-

further in infroducing the extended- plate’ theory which takes

into'aceount the cdmbinedrbending and stretching(s)

-found that 1n ana1y21ng large deflections’ of plates, the non-

* s

Iinear terms could np longer be neglected He also intro-

kS

duced the- method of virtual. dlsplacement and the equatlon of

‘frequency of plates.

b ' - - - ’



Clebsch, in his translation to Klrchhoff's b00n(6) \\
prqvided numerclus wvaluable comments by Salnt Venant among
which, the extension of Kirchhoff's dlffergqtlal equatlon

of thid_plates, is considered to be the most important. In

this extended equation.the combirted action of bending énd_,' 

;strecﬁing were correctly considered. EE ' } T

Russian scientists made_a'significant-contribution e
- [ . . [

“to ﬁaval architecture by being\the first to replace the ancient
trade traditions by soiid mathematical theories. However, due.
to the'languége barrier, western scientists could not make’

‘use of these achievements until Timoshenko came along. It is
through his work that western scientists started to-direct

z . ) B ’ ! : ,. ? " . - .
their“attention toward the Russian research in the field'of;'

theory of elast1c1ty Among these Russtan sclentlsts are

_Krylov(1863 19¢5)(7), and hls student Boobnov(B)(Q)(10)

i .
® K

for Tlmoshenko S numerous 1mportant books, and contrlbutlons, s

we 1lst(11)(12)(13).

*

-

+

Among the'numepous séientists tha; héve worked on

-

plate‘gelated broblems, we name FOppl?_who in his book on
' engineeriﬁg mechanies(.14) treated the nonlinear theory of
plates, and Karman(15), who developed the flnal form\of the

: Ve
differential equatlon of the 1arge deflectdion theory.
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: speed computers Wlth con51derab1e storage capacity. One

',' method for the static ‘and dynamic‘apalysis of plates of

'-~—~~Fer -the. period between_the two world wars, we list

only Bleich, Eederhofer, Wagner, and Levy'.Then'frOm tﬁe-mw___

Soviet Union, Oniashvili and Gontkevitsh investigated the -
N A

¥

free and forced vibration of plates. Then c&me Johansen
with the yield -line analySis(16) to 1ntroduce the first
important dev1ation from the cla551c theory of elastlcity

in the solution ot plate problems

It is only recentIy-that high speed electronic"-
computers 1nfluenced the static and dynamic analysis of
plates.. Although Hrennikoff had eready developed én
equivalent gridwork system for the static ana1y51s of comp—
lex plate problems in 19”1(17) his technique could not be
fully utilized due to the lack of high speed computers.-Thenf

w1th the 1ntroduction of high speed computers(1950's) Turner

-Cloughl.Martin, and Topp in 1956, 1ntroduced the finite elef

ment'method which‘permits the numerical solution of complex
. - -~ ™ %

. v o
plate and shell problems in'an economical way(18). Howeuer;

-

the use of thlS method anticipates the évailability of high .

should also-name here Argyrisxand Zienkiew1cz for,their '

-

numerous contributions in this ﬂaeld Another numerical ©

| arbitrary‘shape subjected to-arbitrarj 1oad3‘is”based on IR

¥
improved finite differmum techniques and was developed by

T e -

Stussi and Collatz. S N ) ST
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Although, considerable amounts of time and effort

of plates by numerousysc1entlsts and researchers for the

‘past several centurles, up to the year 1969, it had been

e

designers' experience that there is mo single reference to

‘whfch they can turn for a comprehensive list of availa. le

data an&'results on the subject of plate free vibration.

It is thanks‘to Leissa of the Ohio.Staté'University,

_ Columbus;'Ohlo, that such a reference came 1nto ex1stence

' Writing- of the manuscrlpt began in the. summer of 1965, and.

its publlcatlon came abqut in 1969(19). In hlS book Leissa

-_prov1des a comprehens1ve llst-of avallable results ‘for the

[_clearer that most of the available solutlons of- plate v1bra-

'bion problems do not satlsfy exaotly the governing differen+

frequencles and mode shapes of free v1bratlon of plates. He

.

also 1lsts an exhaustlve llst of references on related re-

search and publlcatlons Although Lelssa in hlS book clalms

- 2
= ¢

a “reasonable completeness of results publlshed through the

end of’the*year 1965 " he acknowledges that some s1gn flcant

t

were put 1nto the solutlon of the- problem of free v1bratlon

A

publlcatlons were not’ 1ncluded 1n hlS ‘book for the reason of.-
! .

/

' LS

unavalﬁablllty._t B

. .
v T . * . !

~ * ‘
-

Ly

tial equation, the prescribed boundary conditlons, or evens

v ! : )
N 'y . at } - i '_ L

Hith the publicatlon of Lelssa s book At became even

both Furthermore, none of the references that Leissa 1ists‘
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ary condltlons and p01nt supports. One case that Gorman d1d

.particular problem has not been publlshed or approached by

El

in nis book treats the subject of rectangular plate free

vibration in & clear and orderly manner.

' ' : . . .
Most recently(1982) it is to D.J. Gorman!s ‘credit

that such an orderly book came.into existence(EOj In this‘
book ‘Gorman not only prov1des égé‘graduate students and
'the design engineers with a reference "to whlch they can’
‘turn for a- clear and orderly exp051tlon of the general
subJect of rectangular plate frée v1bra&10n" as he sees’ 1t

but he added a new dlmen51on to .an ola‘ccncept the super- f

p051t10n concept(21), and by«so d01ng, he prov1ded an exact

analytlc method for the soT ion of the plate free v1brat10n ,‘,'

nre&‘elﬁ 5 not new, in.

problem. The method of superp051t10

. fact . it has been in use for solving statice plate problems

. for decades However, 1ts 1ntrodUct10n to _the dynamlc plate

”problems is credlted to: Gorman In hlS book and numerous

h) @
other pubLlcatlons, Gorman treated the problem of rectangular

plate free V1brat10n with numerous dlfferent types of bdund-J

'not approach 1n hls book, or any “of hlS publlcatlons 1s the.

caSe of the rectangular cantile' e w1tn edge op lateral

point supports. Furthermore, t ‘the author s knowledge,-thls '

— LN we'ow t ‘
-

/

'any other researcher. Therefore,:this thesis-will eoncern ltﬂ

self with the study,of thds particular problem, providing Q T .'h'7
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N \_ solutlon uszng two dlfferent methods.rFirst_ the method ofl
o superpoéltlon w1ll be used 'as 1t was 1ntroduced by Gorman :
) to Drov1de an-exaet analvtlcal solutlon to the oroblem of : T . :
. ”the free v1bratlon of the Pectangular cantilever pla;e W1thq o ‘% 1"" -
’ _,;or w1thout p01nt supports. Then the method of improved flnlte | R .é
AR ] element w111 be used to genérate elgenvalues for comparlson | o
' purposes: - .* . ;t:j;; ;;, ' i":'n F, . - i
- 7 s s o - i RN —
. N d 'jff_' . ) o L, “ » ' €
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for any detailed derivations or explanation.

Chapter 1 .

-

R
LY

THE THEORY OF PLATES FREE VIBRATION |,

The objedtive of this thesis is to Drofide an analytical
"exact" solution to the free v1bratlon problem of the cantilever
plate with edge and. lateral point supports However,clt seems .
approprlate to start w1th a brief. discussion on the underlylng
theory of’ the free vlbratlon of plates in general and the method

of superp051tlon as introduced by Gorman(20) in partlcular

Althougr the author appre01atesthe 1mportance of providing the

_ reader with the general theory and the procedure'that are’

followed throughout thlS the51s, and form the basis of the.flnal

results, 1t is left up to the‘reader to consult Gorman s book

-

2

The Differential Equation. S e

The correct differential equation governing the pure -

’

'bending'of;plates‘subbected to lateral static loading is presen-

ted with-detailed.der'vation b&»Timoshenko(11),'and is written

as ) -
et . E . ) ,
.

a“ka,y) ;a“W(x,xl | W(x,y) _ alx,y) /Tbt.......,..(1 1)

3xh T exZaye Y T ayy T D

. .\.



where q(x,y) is the appiied statiec loading.

The governing differential equatioq.for thé free -
vibration of rec;abgular plates 1is ob;ained by replaciﬁg the
lateral force gq(x,y} of Equation (1.1) 5y the inertial force L\\f

and Ey introducing the time variable parameter t(éo):

3V U(x,y,t) 2a‘*W(x,y,t) . 34 W(x,vV,t) +-032W(x,y,t)'=oh L.(1.2)
axt < axZayd ay“ D . at?

H

by réﬁiacing w(%,y,tl ﬁy-its;equivalent W(x,y)T(t), it can be

shown that T(t) = Asin(wt+e). And Equation (1.2) can be written

as
4 W(x,v) N 2?“W(x,y) . 3%W(x,y) _'mzpﬁ(x'y) 2 Q. e (1.3)
ax , ax29y2, ayH D - '

»

in its dimensionless form Equation (1.3) can be written-as

2*W(E,n) |, ,3%W(E,n)  3%W(E,n)
ag" 92382302 ¢4an"

- A%W(E,n) = O .........f(1.u5

or . . . .

. (e sk rono .
an® D E T T A ¥ -

A

The Lévy Type Solution

'ﬂ'In_fﬁao; Navier presented a paper to the French Academy
of Séiences on the soih@ion gf bendihg of simply support;d

rectangular plates by double trigonometric series. This solution

.



is sometimes called the forced solutibn..At the turn of tge
century, in 1899, a solutlon by 51ngle Fourler series was

1ntroduced by Levy(22) This -powerful method obtains the solution
of Equatlon (1.5) in the:forﬁ(20) -

Lokime T
W(E,n)' =

K=o - m

ﬁn(n)sin(mﬁa) " .

LL I o B

1

Iy

~

by substituting thii/iglgtiﬁﬁ/zg/;;;ation (1.5) and rearranging
we have' N = - - o, -

»

g“gn(n)‘_262(m“yégiimﬁﬂl.+-¢“{(mn)9 - A3 (n)

dn“ . .dn2 .

]]
O.

-
-
s

. . . b W
‘the solutioén of Equation (1.7) is well known and it depends on

v

whether A2- (mn)2 1is nggative or positive. A )
If % A% > (mm)2  them - T -
Yr(m) = Qucoshﬁmn + Bpsinhfgn & quiDYmﬂ + Dpcosymn ..1....(1;8)
If A2 < (mm)2 then
*. ¥p(n) = Apcoshfmn + BpsinhBpn +7Gnsinhyyn + Dypeoshygn .....(1:9)
) .‘ P, '_'l / . . - : . . ‘. \ ) .
_fk ) - ! s i .l .
“where By = ¢¢12+lmn52‘ 'g B . o / .
and . ym = ¢/AZ-Tmn52 'Qf R COESY: - .......(1 10)

whicheveﬁ\ls real And where Am, Bm, Qn, and Dm are constants

'A

i ]
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///
///////f/f’€6/g;’determined by means of prescribed boundary conditions!
Limitations
A Although,. Lévy's method, which uses a single-trigonometnic

series is more general than Navier's solution, it does not have

=" an.entirely general character since in its original form it can

only be applied to rectangular plate vibration problems where at
least two opposite edges have simple supports. However, it.has
been shown that by making-use of ?EE superposition method(20)(21);
this Lévy-type solution is readily emoloyed to solve’ not only'

rectangular plate vibration problems of alL,possibleNCOmbinations

-

of .'classical boundary conditions, but also to analyze numerous

b

rectargular plates with nonclassical type boundery eonditions:

Next,'a word about the clasSicel boundary  conditions and their

.mathematioal'formuletidn. ' ' co ) .

‘Classical Boundary Conditions

Whenever classxcal boundary condltlons .are mentloned ‘oup ",

kY

attention is dlreoted toward the ithree- types of boundary condltl-

»

'ons that’ have been studied so thoroughly 1n the cla551ca1 11tera-

tune, and theyware, the elamped, ‘the 51mply,supported, and the

- ~ . -
- - - . [ ' . .
+

1.= unless stated otherW1se, the coordinate system used w111
allways be that of Figure 1. 1 throughout thls wonk -

- - . Lo . - b4 A .
[ € o . -
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free edge conditions. Although, we are @eéling with the problem.

of frée vibration, the formulation of thesé'boundary ¢onditions

is identical to that found in Timoshenko's work(11) on static

-

~plate analysisi This formulation will be Dresented here in both

conventional and dimensionless coordinate, ,systems. Reference is

made to figures 1.1:and 1.2..-

Clamped Edges:

Conventional‘coordinates

l\,_‘g ‘
W(x,y') = EW_(XLy_) = 0
- 3x

Dimensionless coordinates

\.

W(E,n) = —Eééiﬂl =0

P

w0 z| R s
. S B . )

]

-------------------

------------------

s

I Figure %.1. Cpnveﬁtionai.reétaﬁguiar céo;dinates'syStemﬁ |

- - :
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~Simply Supported Edges:

>

Conventional coordinates

) 2 . ‘
W(x,y) = i—ﬂi%LXl =0
ax

' Dimensionless coordinates . '
. B 2' . L ‘
W(E,n) = 3__1_'{_(_5__,_11_)_ = 0 R
3E2 _ S
Free Edges: .
Conventional qoopdinétés@; :
. 2 . . .\\L 2 . ‘ . - ".
. 2 ._w(x_,y) . 0N, ¥) | | d
[ axz‘ - . - ayZ . . - .
3W(x, BNk y) |
p2u(x,y) - w23Wx,y) - | ia
ax3 Loaxay? . RO
' . 2 20 ( . )
_3 w(x,Y) +,Ua wfxyy) =0 l ;b-'
- - 3y? - ax2 . =,
Lo 3 K . 3 .v‘ . *
23W06,y) |, e2W0GY) | g jyap
_ ay?3 .- ayax? L
: . R
: ﬁDimenéionlesslgoqqdiﬁates' o ’
[ * b L]

22W(E,m). L"a2w(le,n‘)
g2 ¢2  an2 O+ .-

:=‘O."..I€=‘1 . -'---'---'--'.. .-. ;



\ . _7_ - .
.,-/4 “

rd .- -

{ ' . .

3 23W(g,n) | v* 3%W(e,n) _ ) '

Vo ag? $2  363n2 £=1

"' . N
/ ' .

. a?W(E,n) + v 3°W(E,n) = 0 | ) o L
: an2, C.eg? et :

¥
[on Y
1

. .;‘ _-.- 8n3-_ _ . .anagg . . . T . . ;'_'-

1

< wher-e the dlsplacement and coor'dlnate X are d1v1qed hy plate. e
. - d1mens:.on a,' whlle the coor'dlnate y 1s lelded by dlmenslon b ST
i And wher'e qb b/a. ' o o T KR A ' e .
w—~ . " as we pr‘ogr'ess f‘urther ahead it inrill o
a : N
that mathematlcal f‘or'mulatlons f‘or' bendlng mom nts and vertlca‘l : : ’
edge reactlons ar-e also r'equn.red -as presented in the next -
, paragraph , e
’ a ' ‘_-5" ~ a'- ~ ~“ -_..:
i L t=x/a RO N
. - * . W
-~ LY ‘ Yo~
..‘ - . ) - N “ e O N \.}
. . . ' i . ~ - . ) Y -
. . ’ - ; . ) , - - -.': 2 Yt
_' v . - . ‘-“': - TE . -
, ' n./ . - - ~ :
. , . - .
: e A E . ' . ; ‘ .-' L 'a:.: -
e Figure 1.2. Rectangular plate dimensionless coordinate.-. > .
: o \ . _ _ S = s
o % , . TR T
< ' L € . ) .. . . e '.‘-_ -’
. : 3 o e
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T o hem N N e T :
ot v O ﬂlnates b1 Gorman(ZO) These expre551ohs are as followsu
\: . :: “-—.‘ . “-t . GQ.: ) - “l. ‘K ‘A' ‘::‘\. . - )
E R R, 2 4 " ~ .
=~ "=~ + x Distributed Bending Moments: - _ . o
= .. Loee -, . Do . " . ) . ,
. . N ;:: N “w . :: -
ST T R . ! ' - (
. s~ T« . Conventional coordinates -
“_ N = N *_-_:. .= - T )
: b 5 w . ., .
“ e 2 '-\‘- T, M D( \’ég:{q(x ) )’_
SR AL v s axzj Pa T2 R
-‘\ \. '- v -\ .l“ ; . =3
Do . KN : = e T S
.“. ..: ™ T - “"'-,1\ ‘; : bt
L. s PR s Ve - D( zw(rhﬁ = ‘GZW(vx!! )
N e My . v\ -«ay X
ST - . - .
N TR _ Dimensio g}ess~c6qnd1nates
- -:_ . __. ‘- ‘. : 1 i ) - - ” ,‘:_:‘ ‘ ‘.'i‘: . : ) . . -
e T - Yoo ope e U . 4
R aaﬂéa < ({%2w(§;n) LR A2W(ELN) Yo e
R R o QE . 2 an< - -
R TN ‘. AR '5 % S. creeeeaaerel  (1018)
N A N -'k-\ & ; ;

~ LT ~ :
. [ . v - 7. -
R - .

T ""l“ ~coordinate5xby T1moshenko(11)

- - b * ' i ’
-, ~ - |
. . : N
: . : “ N . .
- e ' ., Y - ‘ :
1Y .
N ‘_ " Y " AN : < . 3 \
he * - N - . Al -* *
n ' B T ) - n M =
. S -~ N
v ot e . . . _8: : ! _
. ' - . - ~ \ . f hrd o « “ -t - .
b R
- “ ~ R . ’ L SN LT Tt ¢ Y
~ - ~ - - W »
ST RPN o
L - -~ - .. - N [N (YN ..: . , -
- *
. Lt A
W T uEdge Bendxng Moments,and Vertical Reactlonsa . N
. = ¥
N ; M - A N :‘ ‘\ b :; Rl ~ - Nt ~ T b ’
. - .
T ~ . 3 - - . . L -
: RN - - A
: ow T T
.
“

h .7 .Thé mathematical' éxpressions .for bending moments and

- '.vepﬁibéi'édéé'reﬁbtiops d;s€ributea‘along the edges of a

N néétaﬁgﬁiér‘plate&have been deyeloped in_ thg'convedtional

and in thﬁ dlmen51ﬁnless .coor—

. " v -
= . -
P S N LS . . 4 -
N o . - . . N .,
" - T - - LSS
+ [P S - -
L, re?erence is made to Figure 13.
v o, . s,
s e e - ~ b . . vo- b
.. ——— . %a -~ . - . < E . .
. - a R - Ve s . .
s - . - - - - P ~ 3 -
- & - - - L, - :. .- v w . el 2 . o
' - - . - . A ' . ~ .
Y . v .
: . “att AR . * - . e " "~
. - Lt > e N . _.‘ B . - O s hd
- " h -
e a0 - ) & ". 9 - > * '} S . .\. - . = =
h - e W - - e 3 .- -
PO - - ™ 'R N ~ - s S . A
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et - T - - b ol ] o B
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- - - . - - . * ~
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- - - - r h r
: o -, . LY, .« 4o _} . :
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Veqtical‘fdge Reactions: . " - .
- Conventlonal coordlnates ?"f  .
- R D¢ 33w(x 0¥ W(X Y) .
- o= 3% axayi :
. / et Lo (1.19)
- ‘3 f t . - -
Dlmen51ohless coordlnates
<P -
A~ - N '_.' - -" e l FI
Via2 3W(E,n) v* 83W( 5n .
- 9g aaai '
__ﬁ_ o L e R ( 1. 20)
Voeb? _ 3W(£ n) 334Ce )
) 5 ne ‘-’-”’.2 ahagé
L T -
o~ ' S .
. where v¥* =2 - v¢/;nd where reference is madé to Flgure 1. M
' : / a- =
- . - -
~, R VRN |
r‘._-. :. ‘. O . m n n ';. . "o
-. . "; - n/_ :'. ;"-\_ k -, \ B - N ‘ . C
! “ AL g ‘ - .
. . ' s SR < - . a
oo R TR P
Flgure 1.3, -Bendlng moments actlng along the edges of -
. a rectangular plate. _ o ‘ R i
£ - ‘ CHNEET O T T
L T . < i - ¢ . -
- - : \ r. ’ ' - o "”



.lhe vertlcal concentrated force that will act &t each
: ' \
corner of a rectangular blate, as explalned by Tlmoshenko(TT)

is reoresented by the follow1ng exore551ons

2

' -Corner Vertical Reaction: - .

;i,,,_______‘wﬂl_,b_sku o). M = SERITEITITESS

Conventional coordinates

R = 2D(1-v) %LL) L (121 |

- . Y P
Dimensionless coordlnatesu

8EdN

-

So far we have looked at all the ba51c equatlons that

~  Will be used throughout thlS work Next,a word about the super—

—

‘ p051t10n method as it appl;ee to rectangular-plate free vibra-

tion problems(21)..

~ " .

peb2/D T

: Flgure 1. 4, Vertical edge reactlons acting" along the
edges of a,rectangular plate.

-

L . -
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The.Method of_Superposition

It has been mentioned that Levy-type solutions are easily

found and well establlshed for the famlly of rectangular plates

with at least two opp051te edges 51mply supnorted(EO) A second
famlry of rectangular plates 1s that of plabes for whlch no two

opp081te edges are simply supported Most of - these plates were.

] -

analyzed by Gorman USlng the method of superpOSLtlon In this

method two or more approprlate plate problems whose Levy type

'solutlons can be obtalned are superlmposed and the constants,f'

aDannlng_lnthelnmhoundanx condltlon formulatlon <are’ adJusted

L]

tlons and assumptlons that one should keep 1n mlnd when u51ng

Discussion»and Conclusion

;n suc¢h a way-.-so that their comblnatlon_prov;des boundary condi-

‘tions .similar to those specified in the griginal problem. The

plate problems~that are'superimposed'are'often called building,

blocks Another example of the appllcatlon of thls powerful method

1s-demonstrated in the forthcomlng chapters

We’ now conclude this chapter w1th few. words on llmlta—

-

thefabove,theory,

~

L. - L.

L}

" . [N

ration underlylng theory. and we have also stated all the ba51c

A

-

atipns—fpr—the*exact—anaiytlcal solutlon of any rectangular

plate free v1brat10n problem for whlch the follow1ng assumptlons ‘

-
C -

We have looked sb ‘far at the rectangular plate free v1b— -

'
.
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'_ apply..
-.Plate thickness is small compared to its lateral
o dimensions. )
:— For higher vibration modes, plate thickness is
small compafed-to the distance be;ween nodal lines.
. ‘ 7 - L : . .
- Lateral displacement (W) is small compared to the
* “thickness of the plate. _ .
- = Negligible rot;ry inertia effects,"
. - No significant in plate forces:

Eortunately,.most rectéhgular plate vibration prob-

lems satiéfy the above assumptions well enough for most

practical pdrposes.‘In.phe next chaptgr/wé:will be dealing l\

with the applioétion of the superﬁoﬁigion.techniques to

solve thé“prpbleﬁ of the rectaggﬁiar cantilever plate. - -

-



1repet1t10n w111 be av01ded as much as. p0551b1e.

Chapter 2

THE CANTILEVER PLATE

- In chapter one we discussed the method of superposition
and its applications to the rectangular plate free vibration

problems in:general. The application of this method will be de-

‘monstrated in the present chapter by solving the problem of a

plate that has. tradltlonally presented the. analyst with serlous

difficulties when trylng to satlsfy its free edge condltlons,

namely the cantllever plate. Solutlah‘for thls partlcular

problem a;ready‘existsﬂzo). However, the pnesent,solutlon is
being presented here for three important reasons.

* -

1.-”f5*&emonstrate first hand the steps invelved in the

appllcatlon of the superp081tlon technlques Once that. is done

2.- By,qsing_diffefent building blocks than those used

by .Gorman-to solve this same problem, it is hoped to deﬁopstrate

it -’

the-freedom“in.éhoosing the appropriate ooildiﬁg blooks.ﬁithout

:falterlng the final results, eventhough“ the formulatlon of the

’

problem might look somewhat dlfferent Therefope, one would ‘be

/ -

-
. -

: //;npllnedﬁtp.select bulld;ng b;ocks that are as 51mp1e,-and as
' - . : ) ' . i : . : .

VA . i . .
e * . M . . . . K . . .
. ¢ ‘ . . . '
, _ . . . . , C \ . ,
Al . . v, ° . . . .
. . ) - . .
. . .o - . . . . . . . ~
- . N . . .
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easy to solve as possible,

.
3.~ The last and ﬁost impertant reason for the choice
-of the cantilever plate problem is the usefdlness of itS‘SOl-.
ution in the ana1y51s of the. cantllever plate w1th symmetricaly
dlstr;buted point supports. ThlS usefulness will become appamaﬁ

'to the reader in the forthcoming chapters.

The plate under con51deratlon is shown in Figure 2.1,
The length of “the clamped edge is de51gnated 2b, and the other
dimension is a. The ¢ axis is chosen to lie along the ceﬁter.
line normal to the clemped edge of the plate. As discussed by
Gorman, all fﬁee‘vibration medes'of the c;ntilever plate'will-
be-eitheb.syﬁmetric or'antiéymmetric.with respect to the £ axis.
_Deallng with each of these two possible famllleﬁ of modes .

separately will help greatly simplify the analy51s

. a
]
.
~ ] é b . 3
. I . é-‘ . 1 x’E
N L !
2
- ib
- " - ‘Yln’ 4 . . -...—','.-:-

-

Figure 2.1. The céntiieﬁér'blétew )



SYmmetric Modes

In order to determine its symmetric modes, only half of

-the cantilever\plate need to be analyeed. This half plate with
the three building blocks used in its solution are shown in
Fiéere 2.2. Dotted lines along the edges of a building block
refer to the slope normal to that edge. A small pair ef eircles
attached to a building block's.edge indicates that along that‘
edge the plate has Zero vertlcal edge reactlon and that the
slope of the plate taken normal to that edge is equal to Zero.

These boundary,conditions are referred to as slip shear condi-

tions{ZO).‘Extended_edges indicate simple support.

The First Building Block:

. . -
- - - f ~ . L

Superlmp051ng solutlons of the tliree bu11d1ng blocks of

1

Flgure 2 2, a solutlon for the symmetrlo modes of the cantllever

plate can be- obtalned We begln by formulatlng the Levy type

N

.‘solutlon ‘For the flPSt of these bu1ld1ng blocks

-
F

Slip shear condltlons are to be 1mposed along the edges
n= 0, and 5 1 and 51mple support cond;tlbns on the edge &= 0 The

remalnlng edge n= 1 1s to have zero vertlcal edge reactlon and a

prescrlbed slope that varles cycllcly w1th tlme w1th the same

frequency as the plate v1bratlon. Thls last condltlon is an im-
portant dev1at10n from Gorman .8 solutlon where behdlng moment is

prescribe? . Phis denation ellminates re:jeet:lon modes as Exp'lamed later.

[ .".
L)
-
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s
A

=

, - Figure 2.2. Bulldlng blocks used:- 1n the solutlon of the
free vibration symmetrlc modes of the cantilever plate.

-
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»

From Equation 1'6’v§'8’ and 1.9 the Lévy—typersoluﬁion

of ‘this block may be writtén as (20)

— -k '
Wilegn) = T (AmCOSthn + DmCOSymn)s]_n% .' :
m=1,3,5 . ) i
) .+ 1 (Apcoshgygn + DmcoshYmn)suqué """ (2.1)
m=k*®+2" c ,
where . ' Bm' = ¢/)\z+(m.”/;2)z
and Ym = ;j:v/l‘l-('mrr/2)‘5 or ¢/(mn/2)4—l?l'

whichever is real, and where the first summation appiies tb Eerqs ;
fér wﬁich 22 >§(mf/2)2;-ﬁlso note that since we-are interested
in symmetric ﬁogés,-antisymmptric termé are deleﬁed from Eqn; 2.1;
_ aﬁd-thereforeﬂ‘boundary'conditions at n20 are automatically éati-
sfied. 'Further}nare, Equatibn 2.1 satisfies exactly the prescribed
boundary conditioné at the edgés E:O and £=1, ‘as required of Lévy
'Solutions The two boundary condltlons along , the edge n=1 }émain
"to be-satisfied. We begin by enforolng zero vertical. edge reacti-"
on. Equatlon 1.20 and the first summation of Equation 2.1 pebmit

us to write for eéeh,value of m

3 . - . e
%;g {(Amcoshgpn + Dmcostn)sinﬂgﬁj ' '
_ ' T | eeeeeaan(2.2)
) + “‘¢2—3332 { (AficoshBpn + Dpcosvpn)sinii2}’ = 0
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or
‘Aﬁfsm(eﬁ'F fmﬁ/2)2u1¢2)};inhem

+Qﬁ{ym(vﬁ f‘(mn/2)2v*¢?)}siovm_= 0... e, (2.3)

soiviné‘for Dp in Eermé_o%,ﬁm and substituting into Equation 2.1,
’ ' ) " - . . ) ’ ' '{" . '.. ) ' - _-
-the first summation of Equation.2.1 takes the .following form

Tx* o0 L Sl
¢ Ap(coshgpn +qucOSYmﬂ)Sln ég U eeedele (278)
-m=1,3; 5 ' . . . - o
» ' ' S :
- A 51m11ar expre551on 15 obtalned for terms in whlch we
'hayé A2 <-(mﬂ/2)3 by u51ng the second summatlon of’EqUatlon 2 1
- . mE ] ‘ ] .- l.. .
._ E. Am(costhn + ezmcoshymn)81n—§— BEEEEREEE ... sa(2.5)
mk+2 . . . : C
and  Wy(g,n) = Equatlon 2.4 ‘Equation 2.5 .  ..i...... .. (2.6)
. ‘where .
PO (mz/2)2 - &n}31nh&m
®1m = Ym {vtii(mw/Z)‘ + Y‘}SlnYm
amd L R

C .- _ B {v*¢ﬁ(mn/252 -'Q%}siﬁhﬁn_f~-
-92m B EmTYﬁ_- (mn/2)‘y'o‘}siqh7m

Next, in order to satlsfy the last presorlbed boundary
-

cOndltron a ng the edge n 1 the slope along 11nes normal to thlS




- edge is expanded in series form

“or if A2 < (mmn/2)2

-19-

aw%ga,n)_= £ Esint a . S e e (2.7)
_ m=1,3 ' . ’

1]
—

.
*
-

and in keeping with Equation 2.6 we have!l.

o R :
aWyle,n) _ Am(ﬂm31nh3mn - e1mYmSlnYmn)51“‘“£'

M m=1,3, S5 2
. ' 0
- ' . T I—“\‘
4T Am(6m51nh8mn + Bzmﬁm31nh7mn)51n—§5 .......,...{2.8)
-m=k*+2 . i <. :

_ equatlng the. rlght hand 51des of Equatlons 2.7, and 2. 8 and

sefting n=] we obtaln

Em = Am(BpsinhBm = 8ipyySinyg) . ......4¥...(2.10)

. Ep = An(Bpsinhgy ¥ 8amypSibhyp)  .eev..s...(2.11)

-

*

solving for Ap and substituthg into Equation 2.6 we obtain

1.= It was - proven by Gorman(20) that such derlvatlons are
legltimate.- ) . .

-
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Wy (&, n) = E Egm—(coshqnn + 01mcostn)51nmrE

m=1,3,5 11m ° 2 ‘
e—Em—(COSthn + OngOShYmn)Sln-r-nTE ...(2_.12,
m= k*+2 22m . . ] B .
-
where
. ®ip = BpSinhy - 8qpypSinyg

and ) . ' N

. 8221’[1. Bmélnth + 82mYmSinhYm ' ] i.

Equation'2.12 represent the solution of the first‘bui;-

dingfhlock.‘We nékt, tdrn to the second buiiding'block.-

" " The Second Bnilding Blockzx L=
. ) ‘ v * -

In flndlng a Levy type solution to the: second bulldlng o
bloek oﬁaFlgure 2 2, the reader w111 agree that 1n llght of the

boundary condltlons the trlgonometrlc part of-thls«solutlon has .
“to run 1n the d1reetlon of thé n-axis. In: order to take- greater'
advantage of equ111br1um equatlons and forms of solutlons already
'developed(20), ‘a’ solution. for the . bulldlng block of . Figure 2. 3
w111 flrst be found. Then, a- 51mple 1nterchange of coordlnatests

- and n wlll lead to the solutlon of the second block of 1nterest -

‘. The 1evy-type solutlon of the bu11d1ng block of Flgure 2. 3 '
may be written as(20) '_' o f X j‘- o ﬂ" - -f*m -
Y, (n)cosmna - 1‘.;...;..;...;.... (2 13)
’2 . 'l- : e ., ‘\bf i :

.

b



enforced by deletlng the symmetric terms from Equatlons 8 and A

it can easily be verlfled that Equatlon 2.13 fully satlsfles the"'“

-

o boundary condltlons along the edges £=0 and g:I, Then substltutlng

\', ~

Eouatlon 2.13 1nto Equatlon 1. 5 we obtaln Equatlon 1.7, for whlch

a solutlonuls expressed by Equatlons 1.8, and 1.9.

- - - . T ~

Next the 51mp1e support condltlons along the edge n 0 is-

1. 9 The expne551on for W(E n) of Equatlon 2. 13 becomes

BmSIHth“ + QnSlnYmn)cosmng , -‘-::- L “:f'..i' S

r .

Lo+ T (Emslnhﬁnn + Cmsn.nhym
S m= k*+1 :
~

.

'where the first summation pertains to_termé‘for-whiéh A2>tmg) 2 0 7

and where -

h - - . e -

B :_¢¢A2+Zmn52h-
and - - ) .
Ym < ¢'3 ‘tm“jz ].n cor ¢/ (mm)Z=x2
“whichever is real S A - - w7
. . - a . E s . . -
J - .
- : l :-' ‘e
b qlo ! ofo -
.—"-. _, ..."-_ *
. -]
nt . " - by
‘ ' ’ ! . t -

Figure 2.3. Intermediate’block used for the solutlon of
the second block of Figure 2.2

;..

% . '



The next §Eép_isito enforce thé:prescribed boundary

conditions along thetedge*n:1'and in the process eliminate the

bl

“dwo unknowns of Equation 2. 14 Bn and Cm

.

Note that these boundary

cendltlons are the same as those pertalnlng along the same ‘edge

. of the flrst building block of Figure 2. 2.

bed slope that should be expanded in a cosine series foﬁﬁ as

. \
. : .

. 9
= }: EmCOSlTl‘n'E .
Th=0, 1

EN

=

-

+
Qr

-

shown.

-

.
[

k®
W(ﬁ;n) = I ﬁgn—_
m=0,1,2"11Mm

-
!

(sinhgyn * e1msinymn)cosmng

Therefoca/the steps

s ‘:followed heré would be the same as those fqliowed when the first

;building block was unhef stﬁdy”witﬁ the exeptibn of éﬁe preseri-

-

. --and in order to avoid repetition, only the final results will be

A _Em—(sinhsmn + eémsinhwnnzcéghwg ..Q(2.16)'

m= k'+1622m

. BniBg - v*¢2 (mr)2}coshg

Ym {v3 -i-_\;*(iiz(mw)z}coss_m

e gﬁiﬁ%ﬁ-.v‘bz(mﬂiz}ooshﬁm

8Bm = - ——
Ym{v#2(m7)2 = YZ}coshyy
811y = BpCOShEy + OpYyCOSYy
v ™ ‘. C _ e
%02m = Fmcoshfy + &2qypeoshy

LT
L] a o l



’ 'Now, the solutlon of the second burldlng block of Flgure

v
-

: 2 2 15 extracted from the above solutlon, By 1nterchang1ng the-

- - " -

coordlnates £ and n However, because we are using side length a-

- PN

to allow“a dlmen51onless elgenvalue AQ,‘ln addltlon to the'lnter-

changé.of coé}dlnates 1t 1; necessary to replace the aspect
ratlo by,ats 1nverse, and to multlply the elgenvalue 12 by the.
square og the aswect ratlo The solution of the second block is
‘then given .by Equation 2 7. Note that the subscript ﬁris rebia-.

ced by n to distinguish this solutlon from that of the first .

bu1ld1ng blogk., - ”"' - R - © -
~_Wb(€,n) —ga—ésinﬁﬁls + B1nsinyna)603nnn i

no129T1n

PP

LA

f.+'§' _En_(51nhﬁlg + e2n31nhﬁlg)cosnwn (2.17)
. nzk*+1~ 22

- i e e "‘.- e ‘# 2 - ¥ B
r
where the flrst summatlon rncludes terms for which 1262 » (mr)2
only And where l " s i .

R e LA o
_ e o , :11 ) Il ) ) o . B B " . - ~ . . .
- Y < avAec=(nw)é  or - -1-\/(}1"&')‘{-- X
whichever is real. And 3 e IR I R ¢

R

- Bn{B§ - v'¢1(nn)2}cosha,

[1.¢}

Yniv*¢1(nn)2 + yl.f}cos'vno }
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By {82 — v*si(nz)Z}coshpy

82n . > ]
. Yn{v*@f(nn)z - Yﬁ}coshyn

811n = BpCosShB, + By, ¥y, C0SY
. ) : » .

fopn = B COShey + 02n ¥, coshy,

and the slope of lines normal to the. edge £=1 is expressed as’

al-fg_gé,n) -2 ', cosnin
. n=0,1 :

Next, W(? look at a solution ' for the third building

-

block. R

The Third Building Block:

o Following the same r'ea'son'ning' as before, the solu'tion

.

for th:Ls thll"d arrd f‘lnal ‘building .block of Figure 2. 2 w111 be
.f‘ound by f‘1r'st f‘lndlng a solutlon to the block ‘of Flgupe 2.4
_ then tr‘ansf‘ox'mlng to that of‘ Flgure 2 5 and then, f‘ollow1ng the

same steps we f‘ollowed for the solutlon of the second bu11d1ng

-block, the expressmn for- W3(E,n) is f‘ound o
We now focus our- attention on the building block 6f"

Figure 2.4, the Lévy-type ‘solution may be written as

.

an \ cosmwF_

. W(E, n L . (2.18) -

_lﬁﬂ

~

1,2 : e

-Ofl

)
m=
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The reader should appreciate by now how the Lévy-type solution
is selected to satisfy the boundary conditions along the edges

£=0 and ¢=1.

Substituting Eéuatioh 2.18 bdck into the equilibrium
equation'w%.obtain Equation 1.7 that has as-a solution Equations
1.8 andr1i9} Deleting the.antisymmetric térms_from this seolution '

will'enforce_the‘slip shear conditions prescribed at the-edée,

n=0. And W(g,n) will assume the form

k* ! .
W(g,n) = ¢ (Ameoshsmn + Dmcostn)cosmng'
- m=0,1,2 . _

i

PR

+ F (Amcosthn + Dmcoshymn)cosmns ...... (2.19)
m=k¥®+1 '

1

enfor01ng zero dlsplacément at tbe edge n= 1 we have

W(g,n) =0 at-n=1 T
ao £
L —
N ' ,___.'-
t R A ]
b oo _/ ‘ ofo
“1

. Flgure 2.4, Intermediate bulldlng ‘block used in arr1v1ng"
'at .84 solution for the bu11d1ng block- of Flgurc 2.5
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or - ) Ancoshgy + Dpcosy, = 0 ' eesaen..(2.20)
or if AZ<(mn)? -
Apcoshey + Dpcoshyy = 0 L........(2.21)
thea " o -
.- cosh caal

Dy = -ApSSStBL = _pyeqy

COSyy
or | )
2 COShgm _

D = _?mcoshym h Am?ZW
‘where '

ﬂ) - éoshgm

Tm COSYp

and

. coshfp

%2m = coshyp

"therfOré,

. K® .. . _ ) ‘
W(g,n) = I Ap(coshsyn'- 8ipcosygpn)cosmng K
m=0,1,2 . ‘ : . )
. n
+ T Ap(coshgyn - ézmcbshﬁnn)oosmwg‘ ..... (2.22)

m=k¥*4+1

v
o

. We now eipress the presdriﬁed‘éiopéIBWIaﬁ'at n=1 in series form

) L T Bpeosmrg .. at =1 . .....(2.23)
. m=0,;1,2. o e C
Lo
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N

W (e l
__.%L.ﬁ - Am(gms'lnhsm + Yme‘]mSlnYm)Cqu £

or if Azf(mn)z
-awgi,n) = A, (Bpsinhgy } ymeemsinhym)QOSmng
equating the rlght hand sides of Equatlons 2.24 and 2. 23, arid

solv;ng for Ay we obtaln .

1

Am Eh__. k 'br.‘_ .; A = Fn

ERTS S2m
) where : ' -
: 811m = BpSinhgy +.xm61ﬁsinym
the ékpress;on foﬁ W(E;n) then'bedbmes<j
. . ' N ; . . -~ l. 7
: w(g,n) = E —Eh——(coshqnn - e1mcos~{mn)cosmng'\j2)tl
m=0,1,2 511m LN _ : T v

-

+ T —51—(coshqnn - ezmcoshﬁnn)cosmng Lo.(2.25)

.m= k'+1822 .
- where A ' ' '
By = ¢/2%+(ms
« -: - . . .
. and . ' ' - . . v
Ym = ¢$V2Z<{mn 2 or ¢V {mn)s=X

°  whichever is real;'aﬂd where aﬂ(éfﬁ}/an at’'n=1 is assumed to be

. I EﬂéiLﬂl ='§ﬂamc03hné
oo %M me0, 1,2
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The solution for the Quilding'block,of Figube‘2.5_is'now
S , ,
obtained from Equation 2.25 simply by ﬁeplacing-n by 1-n. Note

that "the slope will change sigh'and,Equation 2.23 bécomgs

. 3‘;(5,!T1) '= CZD _E‘Tncosm-n'g ' at n:O ...... (2-26)
n . . 7
m=0,1,2 .

~ and ﬁhe-solutioh-of'the.building block of Figure 2.5 is

k¥ oo ) "\
z g%%;{COShQn(1‘”) - By cosyy (1-n)lcosmme

1 A ' ) .
P _ ' IR ¢-3-4 D

+ I —Em—{ooshqn(1 n) - 8 cosh (1#nl}cosmng
m=k*4+1%2m | ‘

:Furthermore, by interZhanging"the ﬁariab;eﬁ.s and n bfl
Equation 2.27 we arrive at a solution for the third buildiné;
'-block of Flgure 2.2. Following the same transformatlon rules
‘establlshed earller, ‘the a3pect, ratio is replaced by 1ts inverse
:'and A% is multiplied-b§_¢1. This final solution is

W3(E,;30 2 —%n;{coshﬂp(1 5) - B1p0057p(1 E)}cospnn

W

S S (2*28)

L+T —gl—{eosh (1-£) - 8 coshy (1- E)}cospnn
p=k#4+1922p G ap P

“ where . h . - S

. % =.%ll£¢‘+(p“)£ -



whichever i

81p = coshg

Yp = %\/)\2¢2-(pﬂ)z
s real,

and

p/cosYp

. 82p =7cosh8p/coshyp

T e
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811p'= B sinhgp + Yp 81p Siny

. . 622[3:: Bpsinhsp - Y szsin'hyij

or

{ and where the-giope at £=0 is expressed as

3ﬂ%%¢ﬂl Epcospnn at
p= O 1 2
. - .
] "‘-’
b .op dé;.
Q
0.
v n
\ r -

Figure 2.5.

: .
/D)2 22s2
3 (pw) ¢

Intermedlate building block used in arr1V1ng
at a solutlon for. the third bulldlng block of Figure 2.2.

-

L ho

G
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Equations 2.12, 2.17, and 2.28 provide Lévy-type
solutions fpr-the first, SECdnd, and third building blocks of
Figure 2.2,resﬁectively. The next step isAto superimpose these
- solutions constraihing.tge Fourier coefficients thét are present
in them so that the net effect is to satisfy the boundafy condi-
.tions ofithe piate'of the left hand side of Figure 2.2. Thesé
. conditions are, first the slope of lines ﬁormallto the edge £=0
mhst be éét to iero;'second‘the bending ﬁomenﬁs,along the edges

E 1 and n 1-must also be set to zero. Since these solutions,

. Wi (g, n) Wz(E n) and Wg(& n) satlsfy exactly “the plate . vibration

governing dlffepentlal equatlon, thElP summatlon, W(g,n) will

also satisfy thls.equatlon.

We begin by examining_thé'édnﬁributibn;fo bending moment
along the:edge £=1 of each term of the‘sdlutioq'W{(E,n)s Froﬁ

"Equations 1.18, and 2.12 we obtain

il =l o NN L S

-

- Em51nmn/2{((m"/2)2 - U&ﬁ/¢2)cosh&nn

+81m ((mn/2)2 + bY§/¢2)qos§mhj

or if -Xz_; (mw2)2 . . E c L ;,:..:2..l...(2.§9).
,E}nél—t-%(?!—a)-{((mn/2)2,- anzl/cbz)coshsmn o I

_—

. ;l-egm(;.{mn[l?)z"-\ 0yiu‘/¢2)édghymn‘}. . e
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The contribution to the “slope along the edge £=0 of each
term of the solution W-i_(&,:n) is .

aWy _ Em(mﬁ/Q)
3 T B0im

(coshfyn + 61y COSyy )

' or'-'-if‘, S ad < (mﬂ/?):2 : ) ’ o R (2.30)_

E‘géﬂ!—g—(coshE&mn + fpmcoshyyn)
2m : .

THe contribution to'_bepdingrmonient along the edge n=1 of

each term of the solution Wy (g,n) is

an

. ' 2 . . s .

gn—{fm::z(mwa):’- - sfg)coshf;r; -.
+ e1m(§¢2';mn/2l)3 + yn%)eco-sm }sin-m%g-.‘
_or if -7\2 < (m;ké)z'. .. ) . .' ' (231)
= —Em—{(vq:z(mnIZ)z-- aﬁ)closham

E -
2

- L + 62 (v¢2(m1r/2)2 - Ym)coshym

|-
‘Similar derlvatlons are r'equlr'ed for solutlons Wg(s,n)

and W3(E,n)
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.~

The contribution to bending-moment_atjthe edge £=1 of

each term of the solution. W (g,n) is

. . 2 '- . ) . ’ .
CERINL SN . at e
= —Eﬁ;{(—f(nn)2 —'&%)Sinhg1_

-

+

81n (-;iz-(mr)z »(:(ﬁo' )S-i,n"rn Yeosnan

é%)sinhbn"

]]
:3 F"' .
-
0
o
E ]
e
1

 +

Ben‘(iz-(nrr)z - Yn )Slnhyn }cosnnn

The contrlbutlon to the slope at the, edge £=0 of each

. term of the solution We(E,n) is

M By,

' 3 = 8110 Bn + 61nYn)C?SnﬂT1-

- . . . . B ' M
]

or if 22¢2 < (nu)?

= %g;(sn + 92PYn.)CO.Sn‘ITn

The contrlbutlon of each term of the solutlon Wé(&,n) to

: bendlng moment along the edge .n= 1 1s

e
S
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. a2 2y .
‘H%EE = -(a Ll + v zﬁ_g&) . : at n=1
- E%%$§El{((nu)2 - ve?aR)sinhene
o - o B
+ 89 ({nm)2 + ve2yg)sinyy &)
or if 3242 < (mm)2 .- i (2.34).
= E%ggéﬂl{((nn)z —~u¢ B )51nhsng
."- + ng.(“(nw)z - -uezvéj's_inhyn‘ﬁ} '
\ . R S ) - o .
| The contribution of each term of the solution W3{g,n) to
bending momeht_along_the edge ‘£=1 is .
. ‘. . 2 . : ‘2 ) oo T - -2 .. T ' '.o'
Ma (22 v 2%, B Cat e=1 :
) B - F9E % an. - . 5 L. PR
:|E%%;{%z(pn)2(1ke1p)‘f 88 - yg§1p}cospﬂn -
or if X242 < (pm)? e e (2.35)

=—-D-- 2-\_ - 2 'Za ] .
e22p?$?(p“)3(i egp) _.?p f.Yp 2p}°°Spfn'

) The contrlbutlon to the slope along the edge E= 0 of each'

term of the solutln W3(5,n) is - S

“_3W3/35f;=01Epcospnq AN ¢ 08 1
T E= ’ ' ' - .._ l‘. I‘. M

.
S



each teérm of the solution W3(g,n) is

write .+ . )
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R o %.,.

. The eoﬁ%ribution to oending'moment along the edge n=1 of

O S 2 . . '
MBob =:F(a wg' 2 3) . S et oner

EpEQEEl{((pﬂ)z

u¢?a§)¢oshsp(i75?
s-e1p((pn?2-+ v¢?yﬁﬁcosvb(a-£))

or 3_{‘ . ;.\24)2.'.4: (p'n')2 ) j, _‘ | '....‘ ........... ;..‘.(-2_'37)"‘.

:1§%29§Ei{((pn)2‘ ve288)coshgy (1-).

R, 621:,(('1311)2 - \Jsz'rg)éoshyp(ﬁ-?,)}'
.'Focusing our attention‘on the edge £E=1, where the-net_

effect of all contributions to bending moment mnst be zero'we

-

Eéuétibn 2.?9 + Equation 2.32_+ Equation é:35 =0 ..:...(2.38);

‘It is seen that the second and thlrd terms 1n Equatlon

. 2. 38 whlch are Equatlons 2. 32. and 2 35 respectlvely are. 1n the .
»form of. Fourler serles 1nvolv1ng the trlgonometrlc functlons-

_cos(nun) and cos(pvn) However, since n and p vary in the same

order, n = p = 0,1,2, 00000, both functions a}e one amnd- the same.

"The coefficxents of these series involve the quantltles En and

Ep. It is easily ‘seen that if one could expand the flPSt term on

'fthe left hand 51de of Equatlon 2 38 in.the same type of series, -
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one could impose the constraint that the sum of the coefficients
before each of the Fourier trigonometric functions nust equal
Zero. Expandiﬁg-Equation 2.29 in a Fourier series of the type

mentioned above we obtain

e £f(n) = T Ajcosnmn - Leevensacnas _l(2.39)
n=0,1 '
1 . -
where i f(n)cosnnﬁdn - if n=0
An =Ll e (2.40)
1 o S
2!l f(n)cosnmndn if n#0°

0

e _ : ' ¢ :
Appendix 1 provides a list of the type of integrals nee-

ded for the determination of all such Fobrier coefficients that
"will be reqqired’throughout this work. quﬁ Equation 2.40 it
fqllQWS;that these coefficients are obtained bf multiplying‘Equ—
atioq 2.29 by écos(nnn) and integrating between zero and one

where n takes on values'0;1,..f.;,kh1ﬂ, and dividing by 2 if n=0.
- ?he results willtbe shoﬁn=later.in this chapter.

-

We next turn to the net éontribupion of the three build-
ing block's solutions to the slope at £=0, aqq‘set it to zero.
- . We obtain - L ' N : .

- )

s s = -

 Equation 2.30 + Equation 2.33 + Equation 2.36"

ceeeaa(2,81)

1l
o
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It is cleariy seen that Equations 2.33, and 2436 are-in the form
of a Fourier series involving the ﬁrigonometric function cosnmwn.

Therfore, following the same.:reasoning as béfore, Equation 2.30

-

is expanded in a Fourier series of the same type. Its coefficients

i ) " ’ are -gasily obtained by multiplying the approﬁriate expressions in

i _ Equgtion 2.30 by ééosnnn, and integrating-between zero and one,

%

- and dividing by 2 when n=0.

1 : - . ' . . 1
oL ‘ ‘ Finally, we turn .to the net contrlbutlon of the three
i

L bulldlng block solutlons of Flgure 2 2 to, the bendlng moment
s along the edge %=1 and set ‘it to zero - We write -

i Equatidn®2.31 + Equation 2.34 + Equatiop'é;37.= 0
t . . - RSN ' o : i : d \
|

: N ©

i - form of a Fourler series 1nvolv1ng the trlgonometrlc functlon
_}f’;;Lﬂ;,;,,51n(mw§/2), where m = 1,3,5.f?;,2k-4,(K+°). Following the same
, feasoning as before, "it is clear that the sécénd and third'term

of" the’ left hand side of Equatlon 2. H2 must be expanded in a .

Fourler series of the same type.

The éoeffic;ents_for>a function f(E)fexpa%ded in'a series

of* the type sin(miﬁlai_abe kpoﬁn'to be-givén by

The first term on the 1eft hand 51de of Equatlen 2. 42 is 1n the L
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It follows that the coefficients of Equation 2.3l expanded in a
Fourier series-of this type are obtained.simply by multiplying
the appropriate“expressions of'Equation 2.34 b§ 2sin(mwe/2) and

1ntegrat1ng between zero and oné. The ooeffibients of the exb-

anded Equation 2.37 are obtalned in the same way .

“ ) In their proper expanded form, and if one choose to have

k term in each of thé involved series, Eouations 2:38 2.&1 and
\

? 42 provide 3k homogeneous algebralc equations relatlng 3k;un-

| 1

known coefflolents‘Em-s, En's, and Ep s. By matnlx techniques

these equstions,are handled with relative ease. Figure.2.6=is a -

.

schematie representation -of such matrix showing only the first
X three_fenms of the relevent,series. By trial end error, a vayue

. "of A2 that causes the coefficient matrix determinant to’vanisni

is established. Since a vanishing determinant indicates that ‘a

» nontrivial solution for Ep's, E,'s, and”Est-exists, the associ-’
3 ‘

ated A2 is_in effect an eigenvalue.

~
o
-
L)

- ]

Since we are more 1n£erested in the shape of the vibra~ °

-
~

-t -
-

tlon function .rather than its magnitude, one could arbltrarlly

c

nset one of the unknown coeff1c1ents to unlty, and by doing 'so

transforms the 3k Homogeneous equatlons 1nto a set of nonhomoge-

7 neous equatlons wlth 3k- 1 unknowns Using any 1kf1 equatlons of .

-tﬁe set we can e3511y solve for these 3k-1‘unkowns usﬁng well

RN -

‘known standard oomputer technlques | | —

R
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- In generating the matrix of Figure 2.6 it must be noted
that the first quadrant, referred to as (1,1), represents the

first term on the left hand side of EQuation'Z:u2. The second

N quadrant (1,2) represents the second term. And the third (1,3)

”

“quadrant représents the third térm on the left nand side of this® -~ x
equation. And in the Same order Equation 2;38 is. represented by
Quadrants (2,1), (2,2}, and (2,3). Also Equétion 2.41 is reprel

(

séntﬁd by Quadrants (3,1); (3,2), and (3,3). These quadrants are

K

_ O 0 _ 3 _ _ s - . _ /;\
(1,1 (1,2) (1,3)
0 - .0 - - - - - - Eqn. 2.42
0 0 - - - - - - -
- = - .- 9o .0 - a o '
(2,1, 1 . (2,2 (2,3) -
' - 2 - 0 -, 0 0 - 0| Ean. 2.38
be - -l 0 - o o -
- = . - .,.0 0 -1 0
. (3,1) = (3,2) (3,3) :
. —_— - - o - - 0 0 -1 0 Eqn. 2.41
— - - = 0 0 - F 0 0. -1 |
‘ Em B Ep

Figure 2.6..Matrix schematic bepresentation‘for'ﬁhe

symmetric mode problem of the eantilever plate.
2 : '




Quadrant (1,1):

For m = 1,3,5,

i+

A(m+1)/é,(m+1)/2

or if

A2 < (mn/2)2

:-{(v¢2(mn/2)é

Quadrant (1,2):

For m = 1,3:5,.

A

where

X1

{(nn)?

x2

Cor if  2?%y2

Where

X1

L3

{{nz)2 .

= {(rin)2

(m¥11/2;K+n+1.=

+

A

{(nm)? -

-------

4

L4
.

(nm)2

= 2065(nw)sin(mn/2)(ﬂ1+xé)leééﬂ‘

= {(ve2(mn/2)2

-3Q.

+

+

&%)coshsm‘

" A Ycoshen

2005(nn)siﬁ(mn/2)(x1-x2)(911n

vo28R 18 coshg, /{2 + (mn/2)2} 1

‘.{?_ZY;?}Y“ e1neos-rn/{)frf - (MHIE_)?}

[ARS

v@?BﬁJBncosth){%§'4 (mn/2)2} -

.v¢2vg}?n62hcosh7n/f“§ + (mﬁ/2)2}

01m(U¢2(mﬂ/%)2 + ﬁ%)cost}/Gl1m

6op (vo2(mr/2)2 - yf)eoshyg}/e2om
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Quadrant {1,3):

For m = 1,3,5, . 00v... ,2k-1. 0z 0,1,2,00..... k-1
- ‘\ 1)

. A(m+1)/2,2k+i?+1 = 2005(!377)(m11/2)(x1'fx2)/e”p

where
X1 = f(pn)? - ve?Bglecoshpy /{83 + (mn/2)2},
X2 =

{(pn)? + v¢2y§}e1pcoSYp7{y§‘-'(mn/2)2}

Jor if - 2242 < (pm)?2

= Zcqs(pnj(mwlg)(X1-xgdfeggp

1ﬁheré k
Xj = {(pi)? - ﬁ¢2h§}coshsb/{eg.+:(mn/2)2} :
ﬁa = {((pn)? - -v$2y§16ppcoshyy A{yv§ + (mn/2)2} B
-‘ . ..‘ | V. ; " | - \ -
" Quadrant (2;1): . . S R
“For m = 0,1,2, 5. )eee kot 5 mo= 1,3,5,...0..,2k=1
A(kans 1), (me1)/2 T 28in(mn/2)eos(nn) Giy+xg)/0g1n
whérq‘.‘ ) .
. . B S ' ] '-‘,‘. . S
%1 = {((mn/2)2 = véfp2)g sinhgy /{42 + (Am)2} . .
L N e L, e .
X = ;(m&/?)z + vé%ﬁﬁ}nnﬂ1m3inYﬁ/{ﬁ% -'(pﬂ)2}¥ : "
br‘if;_ A2 < (mrr2)2
- \\. ;



SR

Ak+n+1,(m+1)/2 = Ban(mn/E)éos(nw)(x1+x2)/azzm

, where
/i1 = {(mr/2)2% - v¢$8§}8msinh8m/f&% + (nm)?2} S
x = {(mn/2)2 - \J¢f&7%}02mymsinh?m/{y,%, + (nn)?2}
the above results must be divided by 2 if n=0
Quadrant (2,2): .
For n = 0,12, .0uus.. N S L
: -_ o 2_g2Yeinh Y 2 . 32 '2' ;o el ‘
Ak+n+1,k+n+1_' {(v¢I(nn) Bn?51nh3n + B1U(U¢I(nn)'+y )51nyn}/811n -
or if - 22¢% < (nm)2 - . L : ‘
={_(Us‘b12(ﬁn)2,—3r%.331¥1h8n' + .821'1(\)‘13112.(!1.11 ).2.'_yr%)sinhyn }.-/'622'}]'_
. Quadrant (2,3): . . . ‘h' S i : f, ‘-I LT
. FOY‘ p =- 0",‘1',.2,0--'-‘:--.,l&_1 . -
7 "-"2'2_' Ca2 i wZai 1 sana. .
Akaper, 2kepsr = 1Vep(PT)2(1-01p) 85 = v5eip}/011p
. oi., ‘-‘Lf‘. ?‘2¢2 < (pﬂ)zl s
./- ="“{v?f'(.pﬂ).2(..1_-92‘;)‘?'). - B3+ vfo2p ey -
. Quadrant '(_3,1)-: ' _
F.OI" n -= 0’].’2,-.--_--'qc"-'- 'k_T : ; m = 1_,_3,5’-------;21‘”1. . - . . . d’ t.l



©or if A? < (mn/2)2

above results musﬁ'be q1V1ded,By 2 if . n=0

_lbo_

Aokans1, (me1)y/2 = :200SInn)(mi/2) (X +%5)/014m

: where

3

&n51nh8m/{8m + (nn) }

A
. . -2ccss('n-n)(m1})2)('x1+;2)/aezm
where | ‘ . | |
X%, ; Bm51nh8m/{g% + (nn)z} ‘:.- . ;:
%é :. YmengIHhYm/{Ym + (nn)z}

T

‘o
Quadrant (3,2):°
S Forn =041,2,. .0 0 k=1
Aokens1,kenisn = (Bn '+ Omw)/07m T -
or if - A2¢2.< (Ap)2
= (8, + 82nmn)/622n
Quqdrapt (3,3)1 T \
, For 0.2 0,132, ..J.;l:;k*H e
.’§2k+p+1,2k+p;1 = =1 ' '
/'.‘\\-4_\ i ~ h -
SN

{;1”.



Lu3e
23 ) } ~
fNote that a}l of the off-diagonal elements in Quadrants (1,1),

(é,z), (2,3), (3,2),-and (3,3) are.iero

. " NOQ, we are ready té feed the abété’iﬂformation to a
”.digifél qompuﬁefJ aﬁa solve for eigenvalueé; and mode shabqs..

Pﬁogram 1 i; Appendix 3 is specially designed for eigenvalue
< séaﬁéha&ﬁhilé.ﬁﬁogram 2 will solve for the.ﬁnanWn coefﬂicien@s'
' ;nd shape’dafé'of this syémetric modes problemk In order to
.aetermine the number of terms k, that shduld belﬁsed in-each of'
. the Foufier,séries involved in the solution of this problem, a
_cénvergence te%t likelthé'one shown in_Fig&re 2.7; proved-to be:

'vqry effective;fspecially in the case of poinﬁ'supports.f

11 13 15

~
w
Y |
‘-.1
O b

Figure 2.7. Eigenvalue 32 versus the number of. terms k
for the first symmetric mode of a squar plate, ¢=1.

’ ° -
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thib conglude dur.diSCUSSion on the free vibration
analysis of “the symmebric modes of the rectangular cantilever
pl;te. Eigenvalues-fob this_family of modes will be tabulated
and discussed later-in this chapter. Next, we turn to the

analysis of the antisymmetric modes.

Antisymmetric Modes-

.The steps followed in this ahai}sis'are identical to bhose fpl—

lowed in'the cése bf?symmetrié_modeéﬁ,We ocnly need to analyiéﬁ
/ \half of the'full.plate-as shown in Figure 2.8, :where the ﬁight
hand 51de§111ustrates the three bu1rd1ng blocks used in thls
solutlon w1th their boundary condltlons

- . .‘ . . \.
The Fipst Building Block: -

We begln by flndlng a Levy type solutlon for the flrst )

bulldlng block of Figure 2.8. In llght of the boundary condltlons

along the edges £=0 and £=1 thls solutlon may be written a%

W (g, n) =% Ym(n)éinmgé | ‘HX.‘ ....... veee.(2.43)
m=1,3,5 . '

where Yp(n) is given b} Equations.1.8 and 1.9. in oh@er to enf-
" orce the simple-supborf conditions along'theiedge.néo,'squetric
terms must be deletéd from the expression of Yp(n). Therfore, we

may write
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Figure 2.8. Building blocks used in the selution of the
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free vibration antisymmetric modes of the cantilever plate,



or if

where

_yg-

Yn{n) = Bpsinhgpn + Cpsinyyn
A2 < (mm/2)2

= BpsinhByn + Cmsinhymn

By = ¢/XZ+(Mn72)2

¢vVA2-(mn/2)% - or

Ym

whichever is ‘real. N

...............

Y (mr/2)2-22

It remains to satisfy the boundary condition at the edge n=1.

" Enforcing zero vertical edge reaction at n=1 we write

43 ‘ 3 o
3 WJ(Ean) + \J,*¢2a ‘-:n|§§;n) | =

.3!1- n:1

’ [

performing the necessary derivations and solving for*B; we have

or if .-
';7.-\

where

By = Biﬁcm:..

A2 < (mn/2)2

= 8opCy

Ym{vf + (mn/2)2v*§2}éosfmf

31‘ E— .
" fmiBk - (mﬂ{2)2v*¢z}cosh8m

. Im{v*¢2(mr/2)2 - y&icosﬁxm

- . ~

.

Bm (8% - “‘¢2(mw/2)2}cqshqd

ceaaena.(2.U6)
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We now repﬁésént the slbpe;at'n=1 by a Series of the same

type as I-J-l(E,n), o . .- ) : . \_-

) Bw'lfan =
[ m=1,3,5

substituting Equatioh‘zﬂu6 into Zghh;'theﬁ Equation 2.44-into

2.43, 'and differentiating with'respeét to n.at n;1 and equatingi(

the ?esqlts to the‘right hand side 6f Equation 2.47 ﬁe‘havé

= cm'-(Bme:Im?O'Sth + YmC,OSYm)
or if A% < (mw/2)2 . : L

S | = Cp (8meapcostigy 4'7&pbshym0

E-Sélving for Cp, and substituting into the expression of Wy(g,n)

1
4

we write b
w (E:n) = Z 25
_ 811m 2 j
m=1,3,5 AN (2.48)
* mnég
m= k*+2 62 Zm .2

wheré
' 811l = Bp81pCOShBy + ypcoSYy

‘ %22m = OopfpCoShiy + ‘ypooshy,

i
.

‘With the solution of the first building block being.

’

' 'completéd,.we'next‘tﬁrﬁ fo'the_sélufion of theJéeqbnd block. - -



’

T

- The Second Building Block:

A ldok‘at the.sécond.bﬁilding block of Figure 2.8 reveals
that the sélution for tﬁis block caa easily berextfacted from the
solution of the first block of the same flgure by exchanglng the
varlables E and n. Also, in keeplng W1th transformatlon rules

L]
dlscussed earller 22 must be multlplled by 62.and ¢ must be chan-

i ged 1nto 1/¢ Therfbre, we may wrlte_

: k¥ .
Wo(g,n)e=.1 —E”—(emsmhsng -+ smmg)smu-

: | _ et (2.49)
T+ T 8op Sinh h nTn
- ku+2922n( 2nSin q1g + sin yn5)51n > _/
where .

o1n = Yo {184 + (nn/2)2v*¢$}cosY£,_'.
o En (R -'(ﬁn/2}2v*§2}coshq1 '

D ' ,.Ieéﬁ\;uvn{v*¢?(pn72)2 --y2}coshyy |

L " Bn { B2 ;_v*¢12(nn/2)2}coshs,1 .
L C . - T e . -/ )
T CT7E) LA
yh':f%/k2¢z-(nn/2)2 or .%/(nHIZ)f-kz¢z'

whichever is real, and : . _ R

. . Lt !
. - - .

911h _§n§_1ncqshﬁn + 'Tn°°,3Yh L

'

f2n Bng‘o.sh'eh o+ Yn éo’shyn //
3Wa/eg = I EnSln - ‘/ at- g=1 l
n=1,3,5 B o

22n



-

7bu1ld1ng block of Flgure .
22.10. L : 2 8.

~lg-

The Third Building Block:

Here, consideration is given to the solution of the third

o

andllast'building block of Figure 2.8. A careful examinztion of
the Building block under study reveals that the task of finding a
solution is made easier by- first solving the building block shown
in Figure 2.9. The sdlution of the building block of figure 2.10
is tbeﬁlextracted-from £hat‘of Figure-2;9 simply by'changing the

variable n into (1-n). Furthermore, this solution. will in turn,

lead. to the required solution of the last bu1ld1ng block of Flg-

.ure 2.8 as it is shown below.

a
0 £ -a £
“0 e ——a - "
Ss
. olo b | ss op
b LN
_“"- -“.-.- 0
] [¢]
"ﬁ " "
Figure 2.9, Inter- | , Figure 2. 10 Inter-
mediate building block -used =~ = - mediate building block used

in’ the solution of the in the solution of the thi-

;. rd bu11d1ng block of Figure



Yp(n) = Agpcoshgyn + Bypsinhfyn + Cypdinypn -+ Dpcosygn

-50- 1h S
, A

Focusing our attention on the building E@ock of Figure

2.9, we write its Lévy-type sclution es'}:'

We,n) =  yp(n)sinfZe
m=1,375 ,

where

or if 1% < (mn/2)2 | o205

= Apcoshgym + Bpsinhgyn '+ Gpsinhygn + Djeoshyyn ¥

i : -

In light ¢of the sla.p shear condltlons along the edge n=0, anti- ’

symmetr'lc terms must be deleted from Equatmn 2. 51 e

o

— Y3 (n) = Amebshqnn_ﬁ DmcbstH
or if A2 < (mn/2)2 . e ..(2.52)
= ApcoshByn + Dyhcoshyyn
Enforecing zero_"displacement alohg ‘the edge n=1 we, write
Aycoshg, + Dpcosyp3= 0 '
B l? 0 3 v
or- . A,ncoe:hsm + Dpcoshyy =.0~ , ' RS
1 . ) o ) " K A ;‘-" . : “:.4
and. Dp = -Amoim. o ) : b :-«‘ ]
or i - Dy = -Apbom - N e
where . " 81y = cosh@p/cosyy ;o o2 = _‘co'sl'iem/cbshym :
. . \--l

v
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Therfore}
L p* . é : -
W(E,m) Am(coshsmn - e1mcostn)51n—§—
m=1 3 5 S
LR
- m+k§+gm(co.shem ' 2 RN (2.53)
- .
In;ré@ucing,
; aw¢ g,n)fan £ Egsin®Z at n=1 -
5, h

-

- 3

- . -

and equating to the first derivati&é'of Equation 2.53 with res-

pect to n at n=1, we have

Em = Am(ﬁnsinhsm +~81myméinnn)

or if A2 < {(ma/2)? N o =
™= Ap(8ysinhgp ‘.BZmYmSi;nhYm)

Selving for Ap we write

Ay = En/oy1q oor . Em/022n

wh;;e . ° | |
N1m = B;nsl'}nﬁﬁm +, F1mYmSinyy ® -
egémf=_§ﬁsiﬁhg;:;l92mvméinhYm i Q

T Subét;tuting Ap by its value. in Equation 2.53 we obtain

&
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W(E,n) = z —Em—(coshgnn - 8ipcoSypn)sin 25

m135811m

+ f —51—(cosh n - 85,c0sh )51n——i
mek¥ a2 22 Bm 2m Yl'l'l 2
Now, the solution of the -building block of Figure 2.10
is extracted from Equation 2.54, simply by changing the variable .

n into (1-n)

W(E,n) ='E _Em_{coshg, (1- n) - 8 cosy, Lk
'm=1,3,5 °1m & me K |
......... (2.55a)
) + I Eglw{coshsm(1 n) - 92m°°Shﬂn 25
~ m=k¥*+2 22m - _ )

P

Finally, the solution of the third Building block of
Figure 2.8 is obtained from Equatipn'2555a by exchanging the
variables § and n, multiplyingilz-by $2, and replacing ¢ by its

I

~ inverse. Théﬁfore,

W3(E:n) = 2 —%?—{coshsp(1 E) - 8qpcosyp (1= E)}51n2——

p=1, 3 5 . _
N N R (2 55) .
. + 5 ——Ep{coshsp(1 g) - egpcoshyp(1 g)}31n2——
P p= k'+2 ‘ .
wheére . )
o 84, = coshgp/cosypy L S >
gpp = coshg,/eoshyy
e -

S
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822p‘: epsinhsp - Qpegpsinhyp
and | ' ) '
BW3(€:H)/B£ = I —Ep,s-ir}p;—n EEREEERY (2.56)
p=1,3,5 : . .
ey = %JA2¢2+(pn/2)2
, v = /AZeE=(pr/2)?  or - T/ (i) 73757

whichever is real. Note that when changing & variable ¢ into
1-&> the  first derivative with respect to, that variable chgnges

sign as shown.in Equation 2.56.

<We now have solutlons for all three bu11d1ng ‘blocks of

.Flgure 2 8. The next step is to supenlmpose these solutlons, ad-

Justlng their unknown coeff1c1ents to satlsfy the prescrlbed ‘
.boundary condltlons of the’ left hand . side plate of Flgure 2 8.
We ‘begin by exémlnlng the contnlbutlon-pf each qf the bu1ld;ng

. "blocks. to these boundary conditions. o |

The contrlbutlon of each term of the solution W1(£,n) o

. the bending moment along the edge g 1 is

£=1

N BZW- v 62w'
= —(—zj'ag +- F —2-1-31] 2

r
n

%’n‘?1—51n-—{((m /2)% - w%&.ﬁ)em.sinljsmn '

C+ ((mn/2)2s u¢IYﬁ)51nymn}
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or if * A% < (mm/2)2 . T | S (2.57)
Mra : L | ' —
-%'f = g—ag—sz.n <[((m7-/2)2 - ‘Jéfﬁ-&_)ﬁ?rl‘Sl?hﬂmn : ~

+ (tmn/E)? - 'v¢I2Y'r§.:)S'J".nhYmn}'k .

' . The contribution to tke slope -at £=0.0f each ‘term of

w1(€,n).is ' o | B . -
aw{(a‘,n)/'a_g = ﬁ—(mn/z)(éu_n;ﬁinh-amn + sinyyn)
o - L ~ : SN
or if A2 < (mﬂ/2)2 s - . .. (2.58)
= g%(mnlﬂ(egmsmhsmn + s.in'hym'n-) ’

The contr"'but-l on to bend.mg moment along the edge n=1 .- -

hY

of each term of W] (e;,n) is

M, b ézwl Hq
% -(311' 2 )lnl .'.

- —Em—{(wZ(mn/z)? T Bm)e1m51nhsm ‘
c#+ (vo2(mn/2)2 +.'Yu%)'s;_i.n'ym. 51 m;&
" or if A2<. (Hhr/2)2 LT (2.59)

; e—gg—{ (v¢2(m1r/2)2

[

83 Yooy sinhem . - o

+,

(vo2(mn/2)% « y2)Sinhvy }sinZET

P



" Mra _ 32, A 32W
'—ﬁ'— - (,_ZZBE, + ¢-2- ‘ﬁza-.n . )

aw2(5rn)/a£ =—E‘n'_(e1nsn + Yn)Sln

The contribution of each term of wg(g,n) to bendlng

' moment along the edge £=1 1is

£=1

~

5%?—4(v¢2(n¥/2)2 &%)e1nsinh&;

+

or if. - 2242 < (nn/2)2

'—Elé{(6¢2(n522)2 - ég)eznsinhsl1
G2gn - I ‘

(\;-‘#.12 (nﬂ72)_2

o+

;‘Contribution to.the slobe at

811 2

or if_f_A2¢2 < (nﬂ72)2:

—En—(e sinZil
B0 anﬁn "' Yn) i

(v¢2(nn/2)2 + yv2)sinyy }Isin——
1 n

mrn .

.2

n.n

nwn
- Tn)51nhﬁ1}51n—§f

'£20 of each term of U is

Contrlbutlon to bendlng moment along the edge n 1 of

_each term of wz(E,n)

"M, ¢b ...'azw ' ~_“azw L
B ‘sz_*;- ff“a?.""lm -

., T

A
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M, ob . n= - D
% = 8$?551n7?{((nn/2?? - u%283)61n51nh§n5
ﬁ_: . . +((nns2)2 +.v¢2\«§)sinyn;}
or if 2242 < (nn/2)2. . L v (2.62)

_ _En o507 2 - a2 :
= 322n51ﬁ 5-{ ((nn/2) v6288)8onsinhgp g

..+ ((nn/2)2 - ve?y@)sinhy, €}

The contribution of each term of W3(£,n) to bending

- _ - /\ N
moment- along the edge £=1 is
£ - - * -

~

‘Mea _ 323 v, 32Wa.,
D~ (ag\’,f.E? Tl Py

Ep [ .2/ ' ' N
| €F$;$v¢f(pn/292(1-e1p) - 85 - 81p7§}§1n933
or if 2242 < (pn/2)2 B '_ e e (2.63)

o F 3223;{“¢f§p"/2)2(1‘82p) - 8§ + 92prfisinizh

Contribution to the slope at £=0 of each term_of.W3 is
,-.q - .-.. . 'ﬂ'n —~ ) . !
. aW3 (£,n)/9E = -Epsln%- C L eeesneeeeeaaa(2060)

IS - . : .
. ‘ ; a
.

- The,contriQuQion to bending moment along the edge .n=1

-"of ‘each- term of.W3(t,n) is
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Mpeb _ 22U 232Wa\
RS eyl LA v 2ol (W

—Exl—sin%al{((pnlz)2 u¢285)coshep(1-5)

®11p

" ((pn/2)% + ve?ydleqpcosyy (1-£)}

or if  12¢2 < (pm/2)2 e e (2.65)

. _‘-nl ’ o
= 653551n%?{((pw/2)2 v¢?8§)coshqz(1-ﬁ)

2 62v2 )54 "
((pffe) - Vo ¥g )82p coshyp (1 §)}

Eh)

(L

A .
\a
- . : | - -
We now adjust and ‘add relevent contributions to sat-
isfy, tHé'boqndary cbnditibns of the'pléte uéder stgdy: First, .
fon_éero slope at £=0 we write !
Equation 2.58‘+ Equatidn'2r61-+ Equafion 2.64 = 0 .}..(2.66).
. Seéond;(for-zero bending’momenp‘along the'que £=1 ﬁe"
have
Equation 2.57 + Equation 2.60 + Equation 2.63 =-0-....(2.67)
Finally, for zepb‘bendingimpmgnt‘along the'eﬁge n=1"
. we write i

-

Equation 2.59 + Equation 2.62 + Equation 2.65 = 0 f;,.(2.68)'

L]
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‘The final step is to generate the cefficiehts matrix
by expanding the necessary terms of Eéuations 2.66, 2.67, and
. 2.68 in appropriate Fourier series as it was don for the sym-
metric case. The generated matrix represented_scﬁématically
by Figure 2.11.is as follow |

Quadrant (1,1): - o -

CFor m=1,3,5,.+.....,2k-1

-

L L | 5 N
Alme1)/2, (me1)/2 = G L (vet(mn/2)% - gg)eqgg sinnm,

A+ (v (ma/2)2+y2 )sinyg}

or if A2 < (mn/2)2

N

1 o .
= 922m{(v¢2(mn‘/2)? - B(%),Bgm51nh8m“
' + (u.¢2(m;r/2)2-_vn21)sinhym}
.,Quadrant'(1,2):
‘For m=1,3,5,+c.00..,2k=1 5 n=1,3,5,..0.00.,2k=1

:A(m+1)/2,(n+1)/2+k'= 2sin(mn/2)sin(nn/2)(x1-xg)/e11n

where

X1

{(nn/2)? - u¢2B§'}B1n§hcoshﬂn/{E€ + (mn/2)2} -

rﬁ .

{(n#/2)2 + ve2y2}ygeosyy /{y2 - (mn/2)2}
o : ) . ) -

~—
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P

or if 1232 < (nw/2)?

A(m+1)/2,(n+1)/2fk = 2sin(mn/2)sin(nn/2)(x1+x2)/822n

where
x1 = {(nn/2)2 - v4288}ep, 8ncoshe, /{82 + (mn/2)2)
B ] . o *
x2 = {(nn/2)2 - v$?y3}y,coshy,/{yg + (mn/2)2}
m=1 3 5 n=1 3 5 pz1 3 5
- ", 0 - - - - - -
o0 (111) _ (1;2) _ _ (113) _ Egqn. 2.68
0 0 - - - - - - - ‘
- - - - 0 0 - 0] #]
- (251)- - ‘0 (21?) 0 0 (213) o | Eqn. 2.67
- - - 0 0 - 0 0 =
- - - - 0 0 -1 0 .0
- (3,1 _ 0 (3,2) 0 0, (3;3 o | Eqn. 2.66
¥@l- - - |0 o -} o .0 -1
Em En . Ep

Figure 2.11. Matrix séhemafic_representaﬁion‘for the
_antisymmetriC'mode problem. ' ‘ ‘ ’
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‘Quadrant (1,3):

For m=1,3,5,....... ,2k=1 } ; P=1,3,5,c+uc.c... ,2k=1 -

A(m+1)/2,(p+1)/2+2k'= 2sin(pr/2) (mn/2) (xq+x3)/6871p

where

t . A
{(pn/2)2 - veZsZlcoshe, /{82 + (mn/2)2)

X1

X2 {(pn/2)2 + v¢2YS}G1DCOSYp/{Y§ - (mn/2)2)

or if = 1%4% < (pn/2)2

= ESin(pﬂ/2)(mw/2)(x1-x2)/822p

where .

" x1 = {{pn/2)2 - v¢2BZlcoshe,/{BZ + (mn/2)2}
! < ) i

Xp = {(pn/2)2 - u¢275}82pcpshyplly§ +.(mn/2)2}

Quadrant (2,1):

FOr m=1,3,5,.0c0.. ., 2k=1 : N=1,3,5, ¢ cuy. ey 2k=1

A(n+1) 724k, (me1) 72 = 28in(mn/2)sin(nn/2) (xq=%3) /011

where

X7 = {(mn/2)2 « vlqilzefﬁ}ﬁmsmcoshsml{q% + (:lj\?r/2)2}
xo = {(mn/2)2 v¢f}§}ymcost/jyﬁ.-.(ﬁn/2)2}

Y

v

o

N
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or if A% < (mm/2)2

A(n+1)/2+k,(m+1)/2 = ?sin(mT/2)sin(nn/2)(x1+x2){aggm

. Wwhere
x; = {(mn/2)2 - vo2aglepy By coshg, /{87 + (n7/2)2)
X = {(m.n/Zn_)z- \J¢f'ﬁ§}ymcoshym/{yn% + (nw/2)2} ’

Quadrant (2,2):

For n=1,3,5,....... ,2k=-1

o - 2 2 2 -
'A(n+1)/2+k,(n+1)/2+k = f(v¢I(nn/2) - Bf)6qysinhs,

+ (uéf(nv/Z)Z + ya)siny, }/611y

or if 1242 < (nu/2)2 St
' s IR

L =ﬁ{(\3¢12l(n11/é")\2\ - %%leaninh%
~ - AL ,

- -

+ (vo2(n1/2)% ~ y2)sinhy, }egap

Quadrant (2,3)}

FOP P=1,3)5,.0c0c.s,2k=1"

pc

. . . L 2 oy2 - \ - /2 _ | l2 :
Alpe1)/24K, (pe1) 7242k * fveg (pr/2)%(1-01p)- - 85 - 81py¥g}/er1p
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or if  A2¢2% < (pn/2)?

' | - = 2 2¢9_ _ a2 2
Ape1) 724k, (pr1)/2sak = Lvop(P1/2)200=62p) - B85 + eapvg}/62pp
Quadrant (3,1):

For m=1,3,5,.00cu.. ,2k-1 . " nz1,3,5,. .00, 2k-1

Alnet)+2k, (ni1)/2 = 2(m7/2)sin(nn/2) (x1-x2) /014y

where

Xq ‘e1memcoéhqn/{g% + {(nn/2)2}

X2 = yYpCoSyn/{v3 -~ (nw/2)2} v

or if Aé_< (mn/2)2

\...nv‘f

= 2(mn/2)sin(an/2)(x1+x2) /822y 4
Iwhere'

X1

Oom BnCOSh iy /{82 + (nn/2)2).

X2

ymcoshym/{y% + (nn72)2}

Quadrant (3,2):

For n=1,3,5,.:vv5y.,2k-1_

A(ne1)/242k, (ne1)/24k = (Btnfn+ md/0m -

'

o T
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or if  12p2 <_(nn/2l2‘

A(n'i';1)/2+2.kr.(n+1)/2+k.= (.egan * «m)/S?Zn

.Quadrant p3,3l:

For ‘p.=1)3,5,-..'."..:.',21(-_-1 . r'§
o ' ' ..j._: SRR )

: N Z o i
pe1) 22k, (pa1) 202k

- . . - . .. . -

‘We now. feed the above 1nformatlon to a dlgltal comput-

er through spe01a11y de51gned program 3 of Appendlx ,2-to gen-,
' erate-approprlate-elgenvalues, and thrOUgh program Y of the-
same appendlx to generate mode shapes Results obtalned w1ll

be tabuiated and dlscussed in. the followmng paragraph

Igigenvalueslfor the Cantilever 'Plate
. . ‘ . . e, -
An elgenvalue search was conducted for the cantllever
: plate problem usxng programs 1 and 3 of Appendlx 2 Results
are tabulated in Tables 2.1 and 2:2. Table 2.1 shows elgen-u- o
values for the f{r;t flve symmetrlc‘t;bratlon‘modes..It must
be reo\lled that analyses were. made for half the plate where &
aspect ratlo is denoted ¢ and_equal b/a. The full- plate has i
dimensions 2b by a as 1nd1cated in Flgure 2.1, and: 1ts aspeot

ratio is denoted ¢ where ¢ 2¢ -2b/a. "‘1 a

R wi e

. ) . . . " . - . - ' . *

. ) . . .
s R . o P L. w . . ) . ‘e
. . o . . . .
. - . . . . . .
. . ‘ .. . . L A ] M
N - ‘ w LI e . - . R Y
- . . o . - - - . . . +
¢ . i . . . . N . .
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Earlier in this chapter we have said that this

- particular problem, the préblem of the'frée vibration of the:
rectangular-cantilever plate, has been discusseh and‘éﬁalyzed
by Gorman in earlier publicatioﬁs using a set of buiiding
blocks different than the.sét used in the present anélysis.

We have also said that our intention is not té‘repeat the work
—that has already been done but to compare our results with
those of Gorman's, and to try‘to show that one has thé_complete
freedémainrchqosing any appropriate set of building blocks as
1o%g és théir superposition can leéd'to the p{esqribed
boundary conditiops of ;he plate under study,‘and as long as
no nonlinear;ty'is introduced in any of ﬁhe boundary conditions.

Results found by Gorman ar? shown in Tables 2.3 and 2.l4, where

it is seen that the above are satisfied.

-

“TaBles 2.1 through 2.4 show a very good agreement'
between the tyo sets of results. In fact, both sets are identi-

cal as expected. The insignificant difference in some of the

: E ' ‘ - . ’
higher modes is attributed to computational errors and/or to a
o : / o :
difference in the number of terms used in the seri

e§ involved. .
prever,lsome buildiné b}ocks have th?_advan?a@e of-simpliéify
anJ gase'in arriving at tpeir.individuél'solutions over the:
:.jbéhéis;‘ns,one bgcomes mor-e involved,_his ability in éhoosing

those plodks imppqves;'Simplicity:an& Qase‘of sotution are not

- the oﬁly:différenceScohé should -1ook for. Anot
- ' : S <z

an



-

'51gn1flcant advantage is the fact that no rejection medes are
00551ble when using the set oF building blocks discussed in

the-present analy51s Rejectlon modes are modes of zero net

.
- o

”dlsplacement and yet nontrivial solutlons for the unknown co- -

' efflClents are 1nd1cated Jor a full-ungenstandlng_of these

.

modes, one 1s-referreq to Ggrman'5awork120§n

o
- k - .
. . - -

Mode shape data for .the symmetrlc and antlsymmetrlc

'v1brat10n modes for the reotangulaﬁ cantlréver plate may eas-

-~
1ly be obtalned u51ng programs 3 and Hvof Appendlx 2' Also in.

-

Appendlx 3, a full set of mode shape graphles oorrespondlng '

. to the set of elgenvalues of Tables 2 1 and 2. 2 i's found “a11

T—

of these mnode shapes enable the analyst to locate in advance

~-

those areas of the plate under con51deratlon that ;are LIVElY

' to undergo-hlgh dlsplacement when v1brat1ng in a{spec1f1c mode,

not to mentlon thelr usefulness 1n helplng to establlsh

advance, those areas uhere the hlghest bendlng stresses are

llkely to be encountered. o ' .

- ~
-, ! i .- - B .
- The task of determining-the vfbrat{onfcircular'frequ-

encles for a glven plate from known elgenvalues 1s ea51ly ac-

'.complashed as 111ustrated 1n ‘the follow1ng example

-Example 2 1- Let ,us cons;der the plate of Flgure 2 12 where

;.7_'

'_the follcirng are given‘ E= 10\0x105p51. 'p=9. 75X10“21b mass/1n3

-
v

£roe 0 A Ty : T Lo ‘ T
' _A-' . ‘ ‘ : -I . "\\ . . . . .




Solution: .
| ution: L

we have o = (9.75%1072x0.125)/386 ‘= 3.16x10-572. 282

fqrJﬁhé.sedond‘lowest-antiéymmétric\ﬁode Aznz 30.55, and

T =66~
L8

and v=0.3233 , h=0.,125% , and a:b;10in. Determine the sécond

lowest symmetric and .antisymmetric’ vibradtion mode freguencies.

2

where the'gravitétional cégstaht g is taken to be 1386 in./sece?

-

pnd 6 . .

~we also have D= —_— = =

12(3-v2) 12(1 0. 3332) :
d - ' V (:\ . -

¢

from TaB;es 2.1 -and 2?2;we have for the second lowest symmetric

mode A2 =+21.09. Therfore, from the relation

w = 35578 - . et (2.70)
Y S 21.09 s
. 7 we have © = o 10/(1690/3 TEx10-5) -15&2 3 rad/sec
and . = w/2n = 245,5 Hz.s

w = (1542.3x30.55)/21.09 = 2234.1, rad/sec.
-' ‘ . | l . . ‘ . - .‘ . . ‘ . i.-‘-_
- and Lt ='m{2? . 355.6 Hz.; - - L
- . . 1 . . ". ' ‘ . /
K D 101n. : Y -
. i ‘ .
\ : b=10in.
e . A . T w LN
H j . -

Flgure 2.12. Square cant11 ver plate for Example 2 1
- . S~ .

- . Yo
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- In this ohapber Qé hane‘dispussed thé method of
superposition'as_it,abpliesutolthevbrOblen of free vibratlon
of rectanédlar’plates in general e have also shown in breab
detail its appllcatlon in the analysms of ‘the free V1brat10n
of rectangqlar cant;lever_plates. Major steps.followed 1n
selving. this bnoblemlanefeummerized below: :

T 1= The intnoduction of tne building blocke bo be
employed in the analy51s maklng 'sure that the governlng dlf—
,ferentlal equatlon is satlsfled exactly by each of these’
-bu1ld1ng blocks, and -that thelr superp051t10n may lead to a’
solution thHat ‘will satisfy-the pnescribed boundary condibions
-of the plate under sbudf:bo eny deéined'degree of acouracy by
incneesing thé number of terms in the:senies involved. One

: . . . ',’ . . *+ . * - ’
- must be careful not to introduce any nonlinearity.
- 1{" . -

2-. Establlsh/a Levy type solutlon for each of the

_'bu11d1ng blocks 1nvo1ved.._ - .
i I 1'4/ :

3 Establ éh the contrlbutlon of each of these solu-‘:
\

" tion to thelb
L o thel |

_nd ry condltlons of the plate under study.

H Expa d the relevent expre351ons in one type of

Fourler series. Adjust thelr coefflclents to satlsfy .the

prescrlbed bou%éary condlt ns they represent _and 1n so

'H.d01ng we deveygp a set of nk hqmogeneous algebralc equatlons
.. ‘ . . L] ‘—.:\\ ) b .

! :

. . Lo
1 . . . - .
' . - Lot
B ] . . . . -
. . . . . »
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' quired.

neous equatlons we' ‘had. . - A N

=70~

relating the nk'coefficients. Where 'n is the number of blocks

involved, and k is the number of terms used in each of the

series involVed.‘k is dictated by the degree of-accuracy re-

N
Neo

5= Handle these mk equatlons by matrlx teohnlques

“to establlsh the requ1red number o:- elgenvalues.

6- solve for thé unknown coefficients by arbitrarily

‘setting one of them-to-unity, and usihg well known computer

'\_

technlques to solve for the remalnlng nk-1, us1ng any nk 1

non homogenlous equations formed from the prev1ous 1 homoge—

2

N -
i . ,
b . 3
A . ‘ ' . - - \

R

7= U51ng the computed values. of these coefflclents,

generate the varlous mode shapes

‘e
~ . . [l

o, ] X . . - .
' -
s

We have come nowvto the end of the second chapten of

thlS the31s. In the folloWLng chapter we' w1ll look at the

-problem of the rectangular cantllever plate Wlth Symmetrlc

p01nt supports alongthe edges Although the above seven steps .

1)

will be followed in analys;ng thls famlly of plates, a new

‘ functlon, known ‘as. the Dlrac Delta Functlon w111 have to be

1ntroduced to deal w1th the problem of the p01nt supports o

\

LN



Chapter'3

THE CANTILEVER PLATE

WITH EDGE POINT SUPPORTS

Lo

iIn Chapter one we discussed the general theory of
plates, we also discussed the introduction of the method of

superposition to dynamic plate problems. In ChabPter two we

/

went a step further to show the application of the concept

of superposition in analyzihg the free vibration problem of

f—

the cantilever plate in the present-Chapter an even furtger
-step w1ll be taken by 1ntroduolng p01nt supports on the
_boundary of- the cantilever plate of Chapter two. These point
: supports are assuued to-be symmetrlo With reSpect to the ¢

ax1s as shown in Flgure 3.1 and Flgure 3. 2

Y

Cantllever plates w1bh p01nt supports W111 be divided

A

into thre@-dlstlnct famllles. The\flrst famlly belng that of -

'Flgure 3. 1 where p01nt supports are 51tuated on: edges paral—
AN

lel to the £ axis. The second famlly is tﬁet of Figure 3 2

[

"whene p01nt supports are. located on the edge Bgﬂhllel to the
n. axis. And thp thlrd famlly is that of the cantllecer plate

'w;th 1atera1 p01nt supports. The first tuo families w:ll be

P



. &

‘n

v L]

3

P
analyzed fully in the preseﬁ} chapter, while the third will

be the subject of the next’ chapter.

A
s
i N
A .
- A
y b
] -
A
J £,
A i —_
L R
. 1 b
4 ¢ '
A
L A .
’ = * .
i -a
) n} . .
H i ‘»_
v - e - T .
Figure 3. 1 The cantllever plate with point supports
along edges parallel to the ¢ ax1s X indicates. a; point “sup-
., port. ) ' : .
- a2 o
e
* !
A "-le o

0 e S B e e~ et T S S B e 2

Figure 3.2. The caht11e§ér plate with point EUpports
; along the edge parallel to the n axis. x 1nd1cates a’ p01nt
support.

s
.

A ] . - Yt
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)
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Analysis of The First Family

Dhe to the symmetry.oﬁ‘the point sqpphrts with respect
to the ¢ axis of Figure 3.1, physical reasoning tells us that
all free vibrations of this plate will either be symﬁetric or
antisymmgtric with respect to this axis. Each'of\thése twd

families of vibration modes will be analyzed separately.

Symmetric Modés

o ~

Due to. the symmétry that "exist about the £ axis, only
half the plate. of Flgure 3 1 need to be analyzedv as shown in
F1gqres_3.3 and 3.5. It will be 1oted that building blocks of.‘
. Figure é 3 are exactly thé same as those 0" rlgure 2. 2 with
theexceptlonof the fourth bulldlng block of Flgure 3 3 whlch
' is-added here to account for the effect of the p01nt support

Consequently, soluplons fon\the,flrst three bu1ld;ng blocks

St I

&

Of-Figure 3.3 are given by Equations 2.:2, 2.17,ﬂahd~2.28.

Thérefore,our attentlon is focused oh the solutlon of the.

I
fourth building block.
- The\?purth'Building Block:.

T
- . - -~

- Concentrating on ﬁhq last building biock panigure
3.3, we note that'the soliq~dot$'iﬁdicate that slope taken -

1
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. ‘Figure 3.3. Building
blocks for analyzing the
symmetri¢ modes of the canti-
“.ever plate with,point’sup-
ports symmetrically located on
opposite edges. ' .
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4

nofmal to the edge is forbidden., We also note that the force
exerted on the pléte bj the point support is represented
schematically as a Dirac ?unction just below this fburth |
block. The Lévy-type solution of this building bléqk may be

written as!, '
wy(e,n) = £ vp(msindZ® Lo (3.1).
1=1,3,5 y )

It can easily be showﬁ that egch term of the above solution
satisfies exactly the boundary conditions along the edges ¢£=0

"and £=1. Due to the symmetry which Ytn) must have with respect

to thé edge n=0, we may write Y; (n) as, . S
, Yifﬁj =. AjcoshB n + Djcosypn . :
T o ' ' = o L
or if %2 < (1w/2)2 ° :S : | T e (3.2)
-~ ‘ . . ' - . . -

= 1coshByn + Djcoshyin
- - 1 l - ' ‘ ~ ) . . .
where - B s *

~t

m
=
!

1 = ¢/XZ(1772)2 ) .

and B o .

-
’.-J
n

$ /AT {(1n72)2 or s/{In72) =22,

wWhich ever is real.

The neit step is to eliminate A} and.Dj. Enforecing the

s

cbnditign of zero slope along the eagb—ﬁb1 we have’ . -

*

1.- . Note the difference between the EL (1) and the ONE (1).
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Ay Bysinhg; - Dyyysinyg = O »
— . N I‘l
or if A2 < (1w/2)2 L (3.3)
Ay By sinh3dy + Dl Yisibhy]_ = 0 B —
\
; . N \ _ .
Eliminating the unknown Dj from Equaﬁion 3.2 we write v |
. } )
YlTﬁ) = Ay (coshgyn +:e1&cosylnj
or if A% < (Ln/2)2 ° - 3 B (3.4)
i
= Ay (COShBln + 6'21 coshyy n)
wheqe . | J
1 ' ‘
847 = Bysinhgy/(y1sinvyy)

8p1 = B)sinhgy /(y;sinhy;)

The other edgé condition is- the applic;tion of a time

3

varying concentrated force of amplitude P at a &istance 4
from the n axis. This load'varies'sinusoidally with time with
the same frequenoy'aé thg vibratinggplate, and répresents the
‘force that the point support exerts on the platellExﬁanding

this concentrated edge reattion in a Dirac sine series we

have (20) * 1 . RS
. . »
V() = 2P ¥ 51n-§ES1n—§5 .:L;.....2(3.5)
S m-1 3,5 , ' R
b '
//k—- - ) o ' . ’ ‘ ‘; ) "LI .

s
”»
.
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Introduclng the dlmen51onless force amplltude p#* = P§3/Da

_Equation 3.5 may be wrltten ‘as _ o e

..... _ ’ 3
—_— Vég)b = 2P*£ 51n51551n—JL ........ (3.6}
“ m=1,3,5
From Equatidn'1.20 we have
| v(&)ba _- * 233W - ¢ _j. .. ... . . . |
R T Da (---—3LL ¢ —;E%Q]n: ["“--°'(3'7)

- Wwhere ¢'of the left hand side of-Equation'1 20 has.been

replaced by b/a Equating the right hand 51de of Equatlons

ing, 1t is e3311y.§hown that

[}

Y1 (n) = P*d;”l(é_oshﬁln + 843.C0S8yyn)
Ol’: if, ' 12 < (l'ﬂ/2)2 A v "' : " - ) -:ﬂ"'---‘t3-8‘).

P"Cbégl (_coshsl n '.+‘ 8] coshyy n) .

ey = -2sin(112/7)
T 81{Sf-v'¢2(1n/2)2}31nh31+611Y1{Yf+v'¢2(1ﬂ/2)2}sLnyl
and . 'QI° :
S e -231n(1n;/2)' a L .
sl{sz-u*¢2(1n/2)2}smhsl+ezlyl{y -v*¢2(1n/2)2}smhyl e
[ ".z . \‘?\ .V
- 2 e I .

- 3.6 and 3 T, performlng the necessary derlvatlons, and solv-tl

L S

wher‘le L. . P - '. . R . . K . .-Z‘\‘\ .‘_
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]
' Thérefore;.- . s
A : o o lme s
Wy (g,n) = I P¥8qq3(coshpgyn + 61lcoswln)51n—§— '
1=1,3,5 . . T ,(39)
’ * s 1ng
.+ TP eggl(coshaln + 6o1COS hyln)51n—§—
1=k*+2 . : N
. oo
»

We next’ turn to'Ehe contribution of each of the
_building blocks on the.right hand side of Figune-3.3 Lo-the

'préscribed boundary conditigns of the piate on the left hand

!

T »!f ' 51de of this flgure TheSe'bohndary conditiéns-aré exactly

- 'ure 2.2 with the éxeept;gnof the p01nt support where. dlS- .

i 13 -

placemgnt is fonb;dden. Hence'Equatlons 2.29 through 2.37 é

. * : . b R
prdvide contnibutions of the first three building*blocks to

.314 wt bendlng moments along the edges E=1 and n= 1 as well ‘a§‘their
‘ e Q

| contrlbutlon to the' slope at £=0. We now evaluate thelr conw

';ﬂ'ft._ tPlbutloh ;o dlsplacement at the p01nt support
. :‘. . '_ . : T.‘ e - . ...: 1 . ‘ “_ . -~ Lo - . .f}
20 vy ) T P oF v : St LT 4 .

R ment at, n*1 agd 5 4 is'-. '3'

. )
[3 e r

. e . et o
, ) : ;o R . v
.- . . S . - .
Lo 8 ook _ , .. ;

L ’ e et vae wort . : . . . . : .
£ P . o . é ' R . ) P . LI ,’;: PR

~'.J“}] boi —%n_(coshsm + s1m003ﬂm)31nm“c' TR

o L e . AU : S .
A W . ) e . S ‘ o .. )

oot : . «..._r LBC v ' . : oo . . s e : . 0 ' | < .
' 'or if ! 12' < '(mﬂf'a)z .-P ’ '-.,’ ‘b . .' ’ v .. 0:;000'(3010) (Y

{;g;jﬂ' _"*wf°. . '~The contrlbutlon of‘each term of W1(E n) to dlsplace-

2 e o SR -

: . b . 3 L] .
I ) "t N S v -
t 4 . - - o . ¢ LI
. K} '. B .. v - .
i3 ' ! : . .
. e - - s 3
- JI/‘ A s P . .o < * . o
i N “~ . N
" . -3 . \ . B 4 . * Ry
’r ] o + ‘ B .t - " = - . -
r - - 3 ! N - R .. .- . -
) N . (W ¢ - - LI +
- © s s o @
n o .
] - i ]
- ] * I : 4
- 1 . - ® [

the same as.those of the plate on the left hand 51de of Flg-



S

1

BN

A

. L~ v - [}
ai;;(coshgn + 8ppcoshyy )sin=%=>
The .contribution of eééh term of Wy (£,n) to displace-
ment ét h#1 and £=z¢ is- e
T B feroma ot e R
& 611n(51gh8n§ + a1n51n¥nc)cos(nn)\
‘ - ‘_‘.70 v —: “-_—‘-—-_—.“‘ | . X . .
or if  A%¢2 < (WW)Y___ . . laaaaea s (3.11)
-\ : ’ . T __‘______‘__‘-_—-—:—._‘_-
. - \lE?%T(SlnhﬁTc + 6op sinhy tlecos(nm)
: Lot
‘The contﬁi@utiqn Sf“éach\genm of W3{g,n) to displace-

ment at~n=3,and géi is . ' B 45_“\4.

- " A' . " . ’_ ' l ‘_"-\ ) ) ) ! ’ .. . - ;“:"\‘-\\_—‘ .

. E%?;{poshgp(1~c) - B1pc?svp(1-g)}cos(pv)‘_ -l
- * O ‘f\\ ' e - . e

oo S ' .f‘ ‘ . ' \\?‘Q' '

or if %2 < (pm)2_ ! o e T a2 (3012)

. ) oy ~ .' ) . ' : T . . . ~\\
. B ) o B

Y] - - . .
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mweg

LS . ’ - i 822 p i _

“ s

. '-v" '.‘ S -

He remaln w1th the task, of determanlng the’ oontrlbu-'
tlon of the fourtklbulldlng block to tbe prescrlbed boundary
condltlons./Startlng wlth the contrabutlon of each term of ‘:

Hu(s n} td bend;ng moments along the edge g= .1 we wrlte

‘ ]

- S ! __E.D_{coshsp(‘l r;) - Bz.pQOShYp,(‘l-C)}COS(p“) \\‘\\

PR
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N

_ ,a%W v 3°W f
= -Ggz o+ 37 e ?|g=1_

n
I

~ A 1 ' . .
P*e11151p7;{((1n/2)zh. vof Bf Jeoshgy n

N

+ 841 ({1n/2)2 f.“¢foJCOSY1“}

or if. A2 < (1m/2)2 . . ., L. (3.13)

= 'fl",‘8221 Slnl—aﬂ'{ ( (177:/2)2

ve2sf)coshsyn

B

+ 82'1((117/.2).2 —.-\J¢IZYf)C.OShY1n}
\x—*
The contrlbutlon to .slope at E“O-@ﬁ_eaoh term of

bl
-

T ——

wu(a,n) is | _ N , o _ . o LT —

/ My (g,n)/3E = P*ei;l(lnfz)(coshsln.f‘ejigoéyln1-

g " et t"'-l;.o'l" V-i_f.‘-;‘ Az < (111'/2)2 ’ " ".: . . .‘ ‘_ '-..'._. ..... .« --(3-1”’)

s ??eéal(leEJCCOShqu +.gpcoshyyn) T

-

A

' trlbutlon to bandlng moment along the edge Y . .,

~The,,'
A R ‘ -\ 7.- - . K -

. n= 1 of - each term of WHCE\nl,ls T “5,t71 - . | : .

- s . -
. . ' T . v.
" . . . ‘.? -._‘___' “h_.__‘-‘ - L - .
- ) . . . "“‘--. P . . ~
. . .

S “__“‘. \-\\"\.\‘ - ‘ 4 . E
- Mngb 2 ST I e
S —%L"(ﬁfg" ¢ ﬁ’k”n o e T T e e
o pie111{(u¢2(lw/2}2 - Bl)coshe1 “f;'- oo f' ?I?“€:T?7Eiliﬁ

ey L T [ . ca
/- 4 i A :
'-.-'_ ol L - . ' .

Il

" .. -
*e . . . . - A e . el . .
. . . . a0 e el Lt
\ . e . . . t . k .- Pty

.\\%;§g\‘“ '.,_+ 6‘11(v¢2(11r/2)2 4y yf)coswl}31n——5 S
. . ...'_ ‘ . . ._ = C L X o v o
= ' . ﬁ!/?ff.;
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or if © A2 < (1n/2)?2 " e ..(3.158)

%Lb = P*8221{(\)¢2(11T/2)2 - Bl )COShBl

1ng

+ 637 (ve2(1ln/2)2 - Yl)coshy1}51n >

The contrlbutlon to dlsplacement at n= 1 and &=z of

H_.".. wu(E,n) is

T ——— .

1y

2

: ' ¥
wu(c,1)1- b P*e111(coshsl + 91100571)51n

X ¥4

+ § P*9221(coshsl + ezlcoshyl)51n S

1= k*fE

Next?hiﬁ“brdérﬁtq_§atisfy the prescribed boundary

conditions 6f_the plate under stud&xﬁE“Writenﬁxﬁ

e N
—

-ljf-'The net bendiﬁg moment along the.edge E:I\is zero:

Equatlon 2 29 + Equatlon 2 32 + Equatlon 2 35 + Equatlon 3. 13
P R Y

. o P & 17)

it 'g'é;f:Tné nétgsippeggf j=o-isjzéfo.'obf

"' - . ’. . ) “ . . . . n._ . . . , . ) .
Equatlon 2 .30 + Equatlon 2 33 % Equatlon 2 36 iy Equatloh 3 1H
I; : ‘\ l. .. ‘_ ' :- " . ‘..,,. : : ..l'.' ] “ ';. . '_- "'-_ ‘ . B . - -- LRCRE e (3 18)

SR C e




T

.“‘)

-

"
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Or
EquatiGm2.31 + Equation 2,34 + Equation 2.37 + Equation 3.15

s t‘ | N L .. (3.19)

-

b, - The.net_displacement.et;n=1 and ggﬁ is also zéro.

0!" ~ “ e ' ™. —‘ o T

]

Equatlon 3 10 +-Equat10n 3. 11 + Equation 3. 12 + Equatlon 3. 16

.t ” . e e e, (3 20)

. We now foeds our attention on solving‘Equationei3.17;
through‘3.20 usfng the same matrix teohniques‘we have used
ih ohapter two. Note that the requlred MEtrlx is generated
51mp1y by addlng one column and one row to the matrlx of

Flgure 2.6. The addltlonal eolumn represents the coeffléIEEBS

~

of P? and the addltlonal row represents the dlsplacement at’

N N

'”the po:nt support The resultlng matrix 1s shown sohématlcalr

1y by Flgure 3 b. Elements of the 1ast column and row are as.

fOlle. : . BT . - S ’ . . W

Quadrant (1): = - DA .
[ . o : : . s
FOI“ l=1’.3I5Af‘¢-lno.- '2.k-1 . o '

(1+1)/2 3k+1 = 9111{(v¢2(1"/2)2 - B1)°°Sh81 o 'f' e

+. 611(v¢2(1n/2)2 4 yf)cosyl} e

Fad
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or if 22 < (1m/2)2

= 2 2 _ a2
At141)/2, 3641 = 8220 ((v43(17/2)2 - 8Z)coshe,

B - ;,621(v¢2(lw/2)2 - Yl)coshyl}
Quadrant (2): : . L

© JFor 1=1,3,5,....... 2k-1"
L
Ak+n+1 3k+1 =L 2§11151n(1w/2)(x1+x11)
l 1, 3 5 -

Lo T S
T f\ L o + L 2922151n(1n/2)(x2+x22)
DI ' 1=k*+2 _ s

:Whére f
_x{.ir{(imfajg - v¢f8f?8ieos(nn)sinHBlfﬂsf'+-(nn}é}.

o xij“;f{(lnIE)z + “¢£Ff§Tibﬂl§ih§1°°5(hﬁ)/{ﬁf - (nniz}__
' . ' f ..'_'-- ST 4 . ?. \
{fln!2)2 - u¢IBZ}B cos(nn)51nh§1/{ﬁl + (nn)z}

X2 /{(13/2)2 -‘v¢I }aglylcos(nn)51nhyl/{yi f (nn)z} \_
. i} TR \

the above must?be“divided by 2 if n=0. |

-t
P
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Quadrant (3): .

For 1=1,3,5,....... 2k~ 1 : m=0,1,2,........ Jk=1 -

, y*® ‘
A2k+n+1 a1 S L 2611lcos(nn)(ln/2)(x1 +x11) | t\
o 1=1,3,5 - - S
: — o 2k-1
. oL + L 26221005([111)(11‘/2)()(2+X22)
= . - 1=k¥42 | 5
. where.’ o T . ) - ;

s

= £§l“s.i.1'1h-ﬂ_.l/{Bl2 + (mr)?-‘}-* - . . _"‘l

7x11 -‘7191181HY1/{71 (nn)z}

‘ P Blié.inbﬁl_;/{-alz {"(nm:} T

. Xp =y fa1sinhy /(v + (nm)2}.
the above must be divided by 2 if n=0.
) .. ‘ ] :‘ . - / - 3 ‘-' -
' Quadrant (4): s
S, | A - :
UFor m=1,3,5, .0 .00.:2k=1 Ao | g - N

'A3k41,(m+1)?2“é (C?shg?,f eim°°sﬁn)S§?(?“F(2)/911m' o _ s

‘*

or if © A2 < (mr/2)2 T o o

= | (c’os_h Bm + 8om OOSh.-Ym ).Sip (mﬁc/?)/eeam
. "

Fhaied .



o

L

. w T . T .
N . 3 . N et . o .
“ - : . . . .

,;Fogqa;1;3;5,;;i;aa.2xﬁJ;»;5i~"**
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Quadrant (5):

A3k+1,k+n+1.=x (sinhg, ¢ +'e1nsinYnC)CDS
or if 1242 "< (nm)2

-

- (sinhgﬁg +‘ﬁénsithhﬁ)CQS(n“)/822n

Quadrant (6) o o o

For pz0,1,2,:. . .. ik=T " :

‘A3k+1;gk+b+] = {co§hﬁp(1-c) fuﬁ1pgo$gp

¥ - LT L)

or if  A242 < (pn)? S - i?

. .Quadrant (7): e e

LT kl- e - P

3k+1 3k+1 = I 6111(cosh§i - 81100571
1=1, 3,5 i o ,

: ". : .:

2k-1 - :

- # Le ngl(cosh

1 k.+2 ,

Hr

_(mr)/aﬂn.

1
[

-

-

-

+

Y

1 c'5
2

a]. -+ Belcoshyl )sxn

(1-5)}cos(pn)/é{1931

= (.{COShB‘P'U-c.)_ - 92p005h‘1’p'(’1'-§)}Oos'(;pj:.)\(eaap

lwcf;
2_,:

[L
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The above matrix is fed to a digital computer through

programs 5 and 6 of Appendix 3 in ofder to generate eigenval-,

ues that are listed in Table 3.1

, -and to generate mode shapes

shown in Appendix 2. Program 5 may be used to genérate eigen-

values for any combination of plate aspect ratio,

port position,

and vibration mode.

Also,program 6

point sup-

can be used

S <ol

Figure 3 u Ma%rlx schematic represéntataon for the
symmetrlc mode problem. P01nt support at n~1 and g= c.:

m=1 3+ 5 n=0 1 2’ p=0 1 2 1=1,3,5
- 0o 0 - - - - - - -
0 -0 - - - - - - - | Eqn. 3.19
0 0+ - - - - - - - -
L. - - 0 0 -0 0 -
- - - 0 - 0 0 - 0 - | Egqn. 3.17
- - - 0 0. - 0 0- - -
- - - - 0 "0 -1 0 0 -
lr ) - ‘_,l “ ) -, .t - '/»'
- 2 - 0 - 0. 0 -1 -0 - | Eqn. 3.18
- \ - -: g ..QA . i O - - 0I 0 b -1 -
- = - Ve s - - - - - éqn: 3..20
Em T By LB P4
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. 'IE

to generate corresponding mode shépe data.

-

We turn next to the antisymmetric vibration modes of

the présent plate problem.

Antisymmetric Modes

Bu11d1ng blocks used in this analysis -are shown in

Flgure 3.5, .and are exactly the same as those of Elgure 2. 8

W1th'theexoept10ncﬁ‘thleourth blook which-is added to ac- :“

=oount for'the point'support condition.'Therfore, solutions )

. 4
A for the flrst three bu11d1ng blocks of Figure 3.5 are given
X

by Equations 2. NB 2.49, and 2.55, Hence, we only need to

solve for the fourth bulldlng block and the necessary contrl-

butlons to the prescrlbed boundary conditions. Steps followed
here are ' exactly the same as. those followed in the ana1y31s

of the symmetrlo case of Flgure 3 3
;Founth:Buildlng,Block:'
. _1. ‘ . h - : ' .-o_.

*fThe}LéQy-type ‘sblution can be-wrlttep“es

AT Wh(E,n) : Y'1(n)s:Lnl12TE :
o et e 1= 3:5 S . - |
| _ﬁ'ItJigzrélativeiy'eésiitonsﬁo*'that-33°h tma:bf this. solution
.... : ) ._---b . . : - . . " B ._ ’ .

Py - L N . . : . .. \V -
. . e . o ‘
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. K;
. g
Wi(g€,n) - op
\ _—'-—’--_‘--"-__
W4 /3n
n 1+
13
Wp (5,m) Ve see
a £ - .‘i ‘
r o i
j\ . “ o
1o . w(g,n) — il '
A . . -+
A £,
)‘ \ J
1 L \
- —& i -
nr _ .. ‘ ‘ D aw3/.ag : . 'wg(lg,n) .: olo .
] N . . 'r .
L} .
t 0
* ' . v
) - Figure 3.5. Building . n .
- blocks used in the solution - SR B + .
.of the free vibration_anti-. : £
.+ symmetric modes of the can- - .
" tilever plate with point
. v support along the edge n=1.
o s o - Wu(‘i,“) . olo
P




¥1(n) = Bysinhgn +‘Clsinhyl'r_1
or if A2 < (11/2)2 . P L.(3.22)
where
Bl = ¢/2%+(An/2)°?
v; = ¢/24-(1s/2)7 ' or - ¢V/(1ln/2)c-2%
i‘Whicﬂ ever is real.
' ' The. zero SIOpe.condifiBn for n=1.'leads tp
Rt > A » , _
§181005h81.+ C17100571’= q;_.A s
or - .
0 o BiBjcoshBy + Cyjcoshyy =0
and . * S |
. ‘-Yl(n) 31(81nhBln #+ 91151n71n)
or L ,‘;' “'l S :l{....;.f.}..(B 23)
v Y]'_(n) P Bl(s:mhsln + 92151'11'1'{171)
,_uhene“ L ; 3 -?ffl..E’_v',ﬁ-:';._W_g-_” .--}"'
11 7 TR ooshl fycosyy

-8g- - _ ' -

satisfies exactly the boundary conditions for £=0 and £=1.
In v1ew of the antisymmetric nature of this block in the n

direction we may write
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S - .. and

v - [

821 = QBlCQshBl}fiéééhfi

"

- Next , hepnesgntﬁng the vertical -edge reaction albng-
the edge n=1 by'aﬁﬁiﬁac'function-of‘thé sin‘serieé fype,we :
have |

. 3 w :
E%g— = 2P*z 51n12551n£%5 ......... (3.24)
) 1=1!315 ) . Py
where ~ P* = Pb3/Da
-Equatlng the.rlght hand 51de of Equatlon 3. 2” to the rlght .
hand side of Equatlon 1. 18 and solv1ng we have -
. '-'- & ' . . . B
: .Yl(n).f ? 911l(8¥nh§lj.*.9115}nYln).
or if A% < (La/2)20 -0 v 0(3aesy
' S . R T :
} : 'YI(“,) = ?*f??glﬁs‘}n;hglr_‘]‘-+.s.2.ls:|.ph71‘_n)_
where , ,

o AR ‘-Zsm(lﬂc/z) po T ,“.’:.‘
SRR S 1 A ' Ry 2 2 Yo
JERE {Bz-v*¢2(1n/2)2}cosh31 - 911Y1{Y2+“?¢2(1W/3)_}P°$YI

t/l7‘=‘ﬂ BT ‘--2sin(ln;/2)
0221 =
o Bl{Bz-v'¢2(1n/2)2}cosh81 + 92171{7 -v'¢2(l'n/2)2}coshy1
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The contribution of this fourth building block to the

4prescribed'boundaryeconditions are as follow.
_-.: . . s l‘-

The contribution of each term of Wy(£,n) to bending .

moment ‘at the edge n=1 is

M%E%'= P‘é1{£i((lﬁ/2)év¢2=- ijsinhﬂi_
+ 811((iﬂ/2)2u¢2 ?f%fisinyl}éinlgér
.or if’. A2 < (1n/2)2 | S ? o,  °‘;.
. :; prqgél{((}}/2)2;¢2 - B2)sinhg, ‘
Nf‘} . : ‘ i 1n5‘~”-

+ BZL((lw/Z)2v§2 - 71)31nhy1}81n >

-

‘The contribution of each term of Wy(£,n) to bending .

”

mdmept at- £=1 is f

-%3:=-Pf3111$1nﬁ§{((1n/%)2 - v¢%3f)31nhéln
Y 311((Iﬁ/2)2 + u@%wf)éinylnil

—_

orfif‘ AZ <. (1n/2)2

hd PR . B -

P'Bazlsin—ﬂ{((ln/2)2 - v¢282)Sinhg

+ 821 ((L5/2)2 ~ vpZy2)sinhyyn}

we
-



The contrlbutlon of each term of Wu(b,n) to slope at

the edge E O is 'f ., . ) - - : :

_ vléwn{ég;£ﬁﬁfaiTiTlﬁfz)(éinhBiﬂ + §;ysiny;n)

SEVR T 1=k®42

e e b e e . A e e e e s - —

Cor if A2 < (1p/2)2n e -

;al column 15 as . folIow‘.?? ,

Quadrant (1): .. D SR

-

z Pfezzi(im[EQ(sinhsln 4ﬁéisinhyln)

o

>

The contrlbutlon of Wutg,n) to displacement at n=1

,and £= c 13 i e o T‘J;_‘ =

' ‘~k* ‘ S
WI.;(C 1) T P‘8-|-|1(31nh81 + 61_1'%?;.!1.?1‘

l-T 13,5 .
2k-1 LT
+ I P¥eysy (SJ.nhBl- + 92151,“}’771....-

2 — C e . — e e———— s s
- - e e ——
TN =
3. . ’ R ~ - . n
. .
e S -,-‘-, .

,*E{L“. The«necessary matrlx is -generateéd by adding an extra

—

column and an extra row to that of Flgure 2,117 The adéltlon-
b . .

[ . «

. . g .~
' 1.n'.. '.- - . - - . LA . . 1 ' -4

-

- - x ]

et T ax' -~ . ‘ - =
f'35t31=ﬂ.3;5;5rg{;:};gk-i]' N

_”.‘A(1+1)/2 3k+1 6111{((1n/2)2v¢2 - Bf?SinhBl < fﬁ}

- - .
z = on e :4..»_(.'__:_—
- -\ . . ' o . ) .
T oo N 5 ’ LIS P » . ) . : Lo - N [ :..
SR L - ; 532042 2¥sin
o - #9011 ((In/232v92 % v iSInTi}
] < ’ e et ".‘-
S S e
o Y ke st - 2 . . - .
B !f -~ o . , oA . R “:
ER ™ . et - e - N
wEo L . ¥ : PO > .. - -
- . * ., . -
- - +* L -~ ,-’ ar e -_ . ‘ L

PR
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cor if A2 < (17/2)2
. L - e /2)2082 - a2Ysinha .
8141372, 3001 7 221 ({10720 2087 - l)sinng)

. - L ) o ‘-'-T 2582 _ L2 3 1 .
E Do ﬁz;%(l.{Z) v?k ﬁ'Yl)S‘nhY%f

“Quadrant (2)
.., - ’ .1.

”.Eon 1=1!3;51--"-°--:2k‘1 _'-. ; ) ’ n£3,3; }.:..:..ék—1 C
e o | ‘
Mestne1)z2,3ke1 = 1 ?91115}“(13”2)53n(““43)(xy‘xm1l )

1=1,3,5"

k-1 . - R .
- S + L 283575in(17/2)5in(n%/2) (xp+x5)
- CoslskRe20 0 S

where . G ) |
kT ((13/2)2 = veZel)e cosha /(87 +.(ns/2)2)
_..." | . .. ) —, f i}L L ~ '. . v, ”

xﬁr:‘{(13/?)2'+'§¢fyfi91171005yf{17f - (nn/2)2} - 0

X2 =¥{(¥v/2)2 -'v@féf}slcéshsl{{sf,+ (nn/2)2) -

i Xoo's k;lw/Z)z’—'0¢%Yf]aglvl?pshwl/IYf + (nw/2)2y f
z'-:;‘;quagraqth<3):;_ﬁj‘ j-. ‘ 1_ "i - :; .;; 151 - i‘| 'iA,‘ o
: S S S P B

]

CTFofT1=1,3,5, L eket T N21,3,5, 00 s s 2Kn1



H . k* ‘ ’
A2k+(n+‘!)/2 31‘:"-1 = I 28111(lu/2)51n(n‘7/2)(}(1—x1T)
1=1,3,5 - ' - :
T : k-1 : ' : e
S o ' + I 20221(1“/?)51n(n”/2)(x2+x29)
: ' o 1=k*42,
“where T ':'.~‘ ' L L

: 5, cosh 9’1}/-{ Biz + .'(-1111"/2;)‘2 ;

e

BilYIQOSYlf{Yf;-.(hﬂ{25?}:

X1 = .
X2 .="Blcdsh‘61/{8‘i? + (ni/2)2} 0 BENEEE ,
SR . X22= 821 Y'i‘C'OSVhYl/'['_Yf + (n'r[/2)2} B ‘ o
S The .last -row in ﬁh?vcoéffiéignt:ﬁatﬁ;xzis_

. "- -For‘ m=‘.1’3n’5’ :_'_ ‘.I". u'.._.,2k7—‘1-. .

LI

~‘A'3k+1"(.m+al)-/2:'-l'.(lf_!h,;s:unhaml+‘_<s'1_r}.ym.-)$;n(r-n.nz;‘/?..)./epm; .

~

Ko or ife. a2 foﬁﬂ72)2;ﬂ N " ,
) . . =." .(_Bzms“:‘i.'lg\l'ism. + S;.nhTm) s‘in(mn C/?')- /{32‘2_-m )
: ~ T ; voa b e N PR - <
! : B ‘ . - Lo I .-
e = oo - . o ! S
: v . .. - . . . . . . :n'
’ Lt ; ‘ SN A
iy le T
o ' y T . ' / -
a ¢ . ' - o .// : ..
: o ' WATAR
- b g \ - IR SR




Qdadﬁaﬁt (5):'_431- o
ﬁForn135,:..«....,‘2k_-1' C e

3k+1 P+(n+1)/2 (81nsinh8n§ + 51nync)sln(nv/2)/811n . .

—~ - - -

'op if A2¢% < (nn/2)?2

‘quadrant (8); - - - o
. " For 931'335)~;!’t~z52k;1--g\ﬁ e o S L

- .. - e —— IR .-

¢ -

'A3k+1;2k%(p4ﬁ)72 =}{¢gshﬁp(1-c)'-_B1pcqup§j-;)}§i§{pﬂ/2)/§jqpf

1
i
[

’

o if . A262 < (pr/2)%

L N
\

R fcdéhﬁglJfC)‘-'ﬁéﬁQOShyﬁ(17;)}éin(ﬁﬁ]2)7622p s
- C e . Lo . .. r-. . R

.o« PR Lo ' N N . -

"duadﬁaﬁt5(7ﬁf3f -
. For 1 1,3, 5. e P L
L _ ka o R 1o S
3k+1 ket T z 6111F51nh31 +- 61151n71)51n 5 S L T
1135 - PR T

' LF::;":  1_ ';?'_'{ :‘n'f- + L8 21(51nh8 + 82181nhY jSln
T 1 k'+22 ) 1 1

lnc
2

: 3
—
I . 2
. ‘ '.
1 : ) . B .
- . Lot - b
) - - - . .
’ N * ' B -~ \
. - .

v f'(e?hsiph}ﬁ§ + siﬁhync)gip(nHYQ)/ﬁggn-' -"T"_ o

G

-'2E 1 “l_-':." oL e e T '_."ff' ."”
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_ we'new have all the necessary'informatien to generate
the coefficienf mavrix and s;art our ‘eigenvalue search. Using
program 7, eigenvaluee listed in Table 3.2 were found. Alsa
mode shapes were éenerated using program 8'of'Appendix 3.
Results are shown in Appendlx 2. In the remainden of this
’ chapter we will look at the free v1brat10n problem of the -
-rectangular canﬁ;lever plate‘W1th point supports symmetrically
‘located.on the edge £=1‘with_re5pect to the ¢ axis.frhis type

of plate is referred to here as the second family.

Analysis of The Secdnd.Family

Once agaln only half the plate need to be examlned
Also v1brat10n modes will elther be symmetrlc or antlsymmetrlc".
w1th respect to the ¢ ax1s.,We choose to start with the sym-

metric family.

- Symmetric Modes

Bulldlng blocks used 1n analy21ng thlS famlly of v1b-e-';

. ’ |'| . -
ratlon modes are shown 1n Flgure 3. 6 where 1t 1s seen that

solutions w1, wé, and W3 are readlly avallable from Equatlons .
- 12 2. 17, and ‘2. 28 respectively.‘Therfore, we need only
analyze the fourth bulldlng block in order to establlsh 1ts' e

‘solutlon Wu
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The Fourth Building Block:

e

Concentrating_on the fourth block of Figure S.é,_and
°compariné L% closely with the fourth building block of Figure
3.5, it begcomes glear that the solution ofAthe'pEésent_plock
can be extracted from the readily existing solgtion of that
of Figure 3.5. To obtain the thought solution, the following

changes'must-be made.

1.~ ChgngeithefSine function in'the Lévy-type-SOIU-
tion to a coSine function and change the quantities (mn/2) - .
to (1n),|and divide the first term by two.

2.- Interchange the variables ¢ and n, replacé'the

aspect ratio ¢- by its inVerse'1/¢,'andmultiply A2 by 62..

Théréfore, Wh(&,ﬁ)_is.. -}{l - o _','.- "
Wy (g,n) = £ P*qq]1(sinhg ¢ + 613 siny,g)cos(lmn)
1=0,1,2 ' - L
' 3 ) ) ...‘...'......(3-26.).'.

S B .-g-._ Z_P'.Gz"é"(:sinhﬁ. £ '+_B iéinh‘v E)COS,(lﬁn)-

© uHere . -
L Bl = ${¢ A +(1“) _

. L,
>n' ".1‘ -



~GQq-

%l = l/A4¢i-(lw)7' - or % IEDEES RS
= _ & :

whichever is real, and

611 = -8, coshg, /y cosy,

8oy = ﬂ?lOOShBl/YICOShYl'
- ; ~ a2cos(lnz)
8111 = ; A
‘ al{sl(Bf-u*¢f(1n)2)coshsl,+ 81171(Yf+v*¢f(ln)2)cosYl},
| | .
-Zcosﬁlnc)
$a22; =

= 2k 2 22 kg2 2
ol{Bl(BI v ¢I(1n) )cosh81+82171(Y1 v QI(ln) )coshyl}

~ e

and where 'the first summation pertaining to terms for -which

2242 > (1x)2. And where &1=2 if 1=0, and & =1 if 1£0.

. -

Turning now to the contribution of Wh(g,n)ito the

prescribéd boundary conditions we write

"+, The pbntribution-of.éach term of Wy (£,n) tq-ben&ihg: .
moment at the edge £=1 is T | fl

“

a _ e i, B a2 yes S I
5= =P e1ll{(v¢1(lw) 8f)sinhg, . |

=

S g (ve2m s ylz_)sinyl-}ctb.»s}('im) ©

- b




or if

O

" -300-

3242 < (17)2 L i .(3.27)

* 2 2 g2%Vesn
P 8221.{(v¢1(1ﬂ) Bl)bln.hsl

+ 821(U¢Iz(17r)2 - yf)sinhyl}cos(lig/

.n ./’/ L]
The conﬁr‘ibutiofﬁof‘ each ter‘ty 3{(£sn) to the slope
. ' -
at the edge £=0 is ' -
~ & E ' // .
': . . _ * - . " .'- ) ) M - ) .
g d3Wy73E = P e‘l‘ll-(?l‘ + 811Y1)OOSF1ﬁn) L
or if 1242 < (1r)2 . i, (3.28)
— pP* .
= P 6221(&1 LezlY;)°°S(l"“) B ‘
- The contribution 01‘ each term of Wy (£,n) to bending
moment at the edge n=1 is .
Mdb _ pep e 2 _ ya2a2)si - . .
E%— = P 61’1lgos(ln){((ln) ) ve f;s.l?'sz.nhslé‘,_ - |
. + 6151 (“(lw)z;ﬁ-. vgbz-yf)sim‘rl.g‘} .
or if 1242 < (1n)2 | il (3,29)
.-. ' . t _‘ . . . " , o " . o . -".\_‘i‘-—;‘._
¥ = p¥g. : 2 o ya2g2)si e N
Y -.P 9221903'(«_111){((1.,,.) . = v¢2p2)sinhg, & R |
e e ()2 < ve2v2)sinhy. £ v
e _821((‘1111) Ve xl)slnhvle}
. k ‘;

3
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T

AL ay '2\_.'2' M
 Akaren,3ker = Pagy Tvep (AmEi- e )sinng,

e

—

The coefficient matrix is next generated simply by
‘adding the following column and row to the matrix of Figure

2.6.

r

-~ -

Quadraht (1): . .-

For 120,1,2,0 ..., k=1 s m=1,3,5). 0.0 2k -1

A(m+1)/2,3k+1 = L 28,,ycos(1n)sin{mn/2)(xq-%q,)

r1=0,1,2 N s
. - "k-“ ‘ F_—/

- . +3L 2822i005(1ﬁ)Sin(Mﬂ/2)(x2+x22) ".
1=k¥®st1 - .

where . . .

2 . 422218 eosh 2 2
{(1n) vé Bl}Blc?ShBl/{Bl + (mn/2)2}

X1

X11 {(iﬁ)z + V¢2Y5}Y1911005Y1/{Yf - (mn/2)2}

‘ )2 ;. 2021 . 2 2
xp = ((1m)2 - yQ.?l}BlcoshBl/{Bl:+ (mn/2)2}
xaz:.?(ln)z f‘v¢?yf}ylpalcoshxlfﬁyf +.(mI/2)2}-

-Quadnénti(E):

- FOI"E 1‘;0“,.1,‘2.,.---00o_o.al{‘-.]l"

- . v~
v .

F e bapan? - ahsingd.
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“or if A%

'QuadraAt (By:- .

or if A2 < (mr/2)2.-

:Quadrant (5),

-102-

or if 1242 < (1r)?2 | \ o

_ . 2 2 _ 2 :
Aerlat,3eer = Ozt (veg(Im)2 - gf)sinhe, -

-+ 621 (-\’¢’i2 (1n)2,- yf )sinh_yl }

Quadrant (3):

Aoperat,3k+1 © B111 (Bt B y)

-

A

{(1n)? . ‘ l ~ _l 1
l\ V -

= 62?1(81 |

L

85171)

A R FOI‘ m=1"3;5’-°..f""’2k—1

A3t (neyse T (SOSS + Sroestge)eintan/2) o1tn

_— P

“:5‘(coshqmq + 8ppcoshyyg)sin(mn/2)/6s0n

e A .
.

T . P

a

ny



Quadrant (67}:.

or if A2 2

Quadraﬁt {7)3

For 1:0,1,2,v.00a0u k=t 0 AR

: erate elgenvalues for thls famlly of vibratlon modes as llstedzf ',

2

-103-

A3k+f,k+n+1 = (sinhg, + 6q,siny,)cos(ntz) /b1y
or if 1262 < (nm)2 .

= (sinﬁg1-+ egnsinhyn)co;(nv;)/eggn

s
\

A3k+1,-2k+p+1 = (]-91p)005(pﬁﬁ)/811p » . ' " . . __.“ ‘._-

LT o
(pn)2 o e

R LI
.

<
= (1-8pplcos(prc) /oy, -

.k. * y - . oo . B
3k+1 k1 O F 111(31“h31 o 1?4“*1?°9§§1Fc)f
.1=0,1,2 . ST T

3
-

e T S (sinhB 51nh7 )cos(lwﬁyg .
) . .--' .‘.'.‘ >1k.+122l . 1 .2} . 1 . .._ "
' Flnally program 9 of Appendix 2 15 d951gned to gen-j’ ;

W



C = 104-
in TabTe 3. 3 The correspondlng mode shape data are generated
using program-TO»of Appendlx 2, Generated shapes are also il-
lustrated.in éppena;x 2. We new turn to the enalysis of the
- . ., : . ) ) ) ' '\.
-antysimmetric modes. :

-

Antisymmetric Modes

Thls famlly of V1brat10n modes: 15 analyzed u51ng
.bu1ld1ng blocks xllustrated in- Figure 3 7 Solutlons for the
first three of these blocks are avallable from those of Fig-

-

Igure 2 .8, and are glven by Equations 2. u8 2 M9,

bespectlvelw The solutlon of the fourth bu1ld1 g block 15

ea51ly obtalned from the neadlly avallable solu ion of the

lj’feurth bu11d1ng block of Flgure 3.5 by 1nterchan 1ng the

1var1ables £-and . As 1t was’ dlscussed earller,'s ch inter— -

+

y.'change 1mp11es the replaeement of the aspect ratio ¢ by its

Coa
[

;-1nverse and the mu;t;plleatlog of A? by ¢2.]Hehce Wu(a,n) is

.o k*l o . P . .l. Vo . . - . - ) . .‘ . RN
3 - ".\'. 3o . ¥ ___l“n ) . - - b ) .
Wu(E,n21 3ZSP 6111(51nh§lg.+_e1151ny1£)e;h - ~
SRS SO .(3.30) .~
ﬂ : ,'f-.,:_'ln._h”?f + 2 aééllsihhéigl+.eé151nh715751n13n
. Lo .’ - . l=k!/+ | '-‘. ‘.. - " ‘l ‘.' ' -
Where | R oo s .
U g FRTRE L



- = M ="pl911l§‘in1“{,((111/2)'_2. - 7\J¢2.B_.f.)-s:i..nh_81.£

.. .. o
LRSI - P - * - . -
-

e

o %/A4§2;(1n/2)2- - cor

whichever is real, and

11 - leoshBl/quosYl 1:1

_—
{]

i -BlcoshB

21 p/veoshr

| , —2sin{lsz/2). -
e -—

L ar kg2 (17/2)2 o 2 ;
'.ﬁmsl{ﬁl v ¢I(lﬂ/2) }COShBl \611Y1{Ylfv ¢

g T -2sin(1ng/2)
6 = - ‘

I

2(1n/2)?}cos§l -

-~ -

-

221 (a2l ¥g2 N2 . 2_
61£§£ v ¢I(ln/2)_}COShBl+821Yl{Tl ‘

ary conditions are found to be
. - The cbntrf%%tibh.of each term of Wy (¢,
moment at m=1 is» - . | . j}_

T

D

. . . } .
- . * .

2

AR
. -
a7

" AN

“w T = i
- v . hd
LTt T . : : S e
" - . M el B .
o .0 or if - %242 <«<(1w/2)2., e N
. . . e S R iy
o - R . “ . . ) -
. - - "
+ “ r b —~
x - - L
- . -
- . -~ - - .
. ' -
L3 - - - ' -
- - Py ~
‘- v - : .
- -
- ~ .
o > P - AN
[
. .
.
.

-

The contribution of Wy(,n) to the prescribed bound--

P

n) to bending °

242)siny
. . ’ }
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Mp4b > 1w 252\ e )
Sn¢b. . px i7 2 _ 2
= P 822151n {((ln/2) vy<gf)sinha

] ray2e L
Gzlg(lﬁ/2) ve? Yl)51nh\lg}
The contribution of each :erm'of\wu(ign) to the slope
- at £=0 1is
‘ .

‘1nn
11*1)51“ 3

awu/ag = P¥ 8111(51 +

Cor if - 242 < (1v/2)2

‘ .‘lﬁn,
1% %M z.

- '.*l- . Y
=P 850, (8

Tne contrlbutlon of each term of Wu(s,n) to bendlng

’

. moment at 5 1 1s .

Mea oy 2 | 2 . @2
f%ﬁ = p* efﬂl{(“¢1(1“/2) 8 )81nh61

~ . * . -
. . ”
- . ’ . . .

R 1l(v¢I(1wﬁ2)2 + yf)51n71}51n1"n

N 2.
Cor ifl CA22E (wr2)

ey P 9221{(v¢ (ln/2)2.- 81)31nh81

LY

. . e fena lan.
n + ?21(v?1(1“/%3 : 71)51nh71}81n 5
. . T |
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The coefficient matrix is now generated by adding the
following column and row to the matrix of Figure 2.11. Note

that in these matricies the additional column is always mui-

. tiplied by PX. - . o | .

Quadrant (1): 7
For 121,3,5,.......,2k=1 S i Tm=133,5, 00, 2k

: ACm+1)/2,3k+1_: b3 28111?;n(1w/2)51n(mj/2)(x1—x11)_ :
- 1=1"3,5‘ _- L Lo T S !
; ' 2k~1 AT T ~
4+ L 28,5, 5iR(In/2)sin(mn/2) (X +%05 )
l:k*+2'221 - T LT

-

> where o ' .
x1.= 1(1742)2.- ve282}8, cosh /(B2 + (mn/2)?)

B

xR ULn/2)2 + ve2y2le, y cosy, /{v2 - (mn/2)2) .

{{1n/2)?

%2

202Y8 anchg /6T (ne Y2
?¢.§l}ﬁlco$hﬂl/{§l_+ (mn/2)2}.

[

{(1m/2)2

-

v¢2vf}62IxiQOthi{{wf 4_(mﬁf2)f}' .

4
- - . AR Y

;Quadrah§5(21:b '

L UFor 121,3,5,.....002kS1 - 0 o
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- o 2 - 2 2 e
Mes(iaty/2, 3101 7 Fyqn (lvef (197292 — 8 sinng,

-

+ 2 +/2)2 2 3
._‘51.11(\)(91(17_/ Je o+ 'y_l)SlnYl}

- or if 2282 < (17/2)2

It

L E ; r 2¢9. .Z ~ e2%ein
, ‘ - 822lk(v¢1(}n/?) . BL)élnhﬁl

L 2(1r/9)2 — v2Yed
+ 621QU¢I(1ﬁ/2) 71)81nhyl}

. Quadrant (3):. | S S
FOr 121,3,5,. ... .5, ,2k=1

CAka(141)72,3k41 = Oqq1 B+ Bqymy)

-

or if C A2p2 < (17/2)2

L‘:ngdraﬁt1fh): '   s f*fff. ; . 'ﬁ
- For m=1,3,5,.......,2k=1.
2A3k+1,(m+1)/21§ FejmsinﬁﬁﬁF‘ﬁ.SinYmFQ§;§§Q“12){ﬁ1lm:

.ﬁor,ifznvfx? <_(@ﬁjgj? 4u ﬂf. o £

o
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[ ' . . . . . . R ”

. For 1=1,3,5,...:..,2k=-1
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A3k+1,(m+1)/2 = (gppsinhgge + sinhym;)sin(mW/Z)/agzm

| H-Quadrant (5):

For n=1,3,5,...... k=1 .

A3ks1 ke (net)/2 =:(81n51ph3n + 51§Yn)51n(nﬂ;/2)/e11n

or if A2p2 < (nﬂjz)i

%

-

Qﬁadrant_(6):
For p=1,3,5,......,2k-1

Agiat, ke (pat)s2 = (1-01p)sin(pres2)/oqyy

or if 1242 <'(pﬁ/212’_ E

= (1202 )sin(p2/2) (823,
Quédraht;(?)i  '

s

= (eénsinhsnf+ sinhya)sin(nn;/z)/ggzn'

i
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1 ¥
b

o - . A - . lag
A(3ka1), (3ke1) = T fqqy(sinhg w5, siny, >
1=1,3,5
L
2%k -1
+ I Bppy (sinhg, + ezlsinhyl)sinlgi
1zk¥*42 L - :

VR

Eigenvalues for this family of vibration modes are .
generated using.program 11 of Appendix 3 and listed in Table
3.4, Corresponding mode shapes are also illustrated in Ap-
pendix 2 using data generated by speoially‘desdéned program

i2'of Appendix 3.

In Tables 3 1 through 3.4 elgenvalues are obtalned
wlth four dlglts accuracy. Whlle this practice is followed
throughout this- work, greater aocuraoy is ea511y obtalned by
1norea51ng the number (k) of terms used in the aqproprlate :
'serles involved. k may be decided upon follow1ng a conver-
"genoe test . 51m11ar to the one shown in Flgure 2.7. Slnce
'p01nt supports may assume arbltrarlly thelr symmetrlc pos1;

;'tlon s wlth reSpect to the £ axls along the edges of the

rcantllever plate,llt is v1rtually 1mp0551b1e to llSt all pos—:

51b1e comblnatlons of plate aspeot rabaos and polnt support

'h‘p051tlons along the edges However, programs 5 through 12 are

"prov1ded to generate elgenvalues and mode shape data for any ";'

-

ffp0551b1e oomblnation one might enoounter. As for Tables 3.1

o

TN
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" through 3.4, we have chosen the point support position to be
ata distance of 1/2 frem the:qxis perpendicular to the edge

‘ofi which it is located. Further discussions.on eigenvalues

iieted“ébove'and_others will be forthcoming in later chapters.

‘-fWe now come to the end of the present chapter where -

fwe_hqu analjzederectangular cantilever plates with edge point' d

suppoftS' The next chapter w111 concern 1t=elf with the study

-

- of-"the free v1brat10n problem of the rectangular cantllever

_ plate w1th lateral p01nt ‘supports. Also in the next chapter

a dlscu551on and a comparlson of some. of the eigenvalues found
so far and others w1th ex1st1ng elgenvalues will be carried
ouft. whenever is p0551bleJ



Chapter L

THE" RECTANGULAR CANTILEVER 'PLATE

WITH LATERAL POINT SUPPORTS )

¢

Consider the cantilever'plate of Figure H. The
free vibration’ problem of this famlly of plates was full&
discussed in Chapter 2. Then in Chapter 3 we 1ntrodu0ed the
condltlon of- p01nt supports ‘on the boundary of the cantl-
lever plate as- 1llustrated by Flgures 3.1 and 3 2 where

‘Alateral movement of the plate is forbldden at these polnts
In this chapter 1nternal p01nt supports are be1ng 1ntro—‘;.

nY

duced., - where lateral movement of the:plate.ls_forbidden ,“

where the ooordidates £ and n of.the lower portion_of the -
plate shown in Figure H 2 assume the values u and v. Here'
'also p01nt supports are oon51dered to ‘be symmetric w1th
, respect to the £ axls{ Therefore, only the lower~ha£f of the'
\ ‘plate of Flgure 4,2 will be analyzed If we assume that the
\\plate is v1brat1ng 1n one of 1ts v1brat10n modes w1th a4 4
;;c1roular frequencyrw-then—latera}—meteen—atetheHflxed polnt*~
';fwlll have to be prevented by a t1me varylng force that may _‘

'be represented as Psin(wt)‘ Solutlon for thls type of prob—,f

'lems was desorlbed by Ngyak1(23), and then discussed by

hd .
-~



Figure 4.1, Cantilever plate d
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~

Gorman in‘his "Free Vibration Analysis of Rectangular Plates“.

Follow1ng our practice of dividing the free v1bratlon modes

b

of our. plate 1nto two families, we wwll first focus our

o

attentlon—on the symmetrlc mode family.
-

- "

-Symmetric Modes -

Bu1ld1ng blocks used 1p the’ solutlon of thls famlly
of free v1bratlon modes con51st of foun blocks the flrst o -i
three of whlch are the same as~those used 1n analy21ng the r
same famlly of free v1bratlon modes of - the cantllever plate '

of Flgure 3 1 -and for whlch solutlons are readlly developed L

. - .
. h

,.1n Chapter 2 Flgure U, 3. 1llustrates all four bulldlng blocks

~f analy31s of modes symmetrlc Wlth respect to the g axis, and

needed for thls analy51s Focus51ng our attentlon on the last
bu11d1ng block of Flgure M 3, we leldethls block 1nto two'

segments I and II Each segment has 1ts own coordlnate system S

-

'lw1th the p01nt support lylng on the common line between the

-

;i'two segments as shown-ln Figure H 4

TheVFoper Building Block: S ,]7 e

Thls fourth bu1ld1ng block was: used by Gorman in hlS _‘? )

-

A;iﬂ.antlsymmetrlc wlth respect to the n axis for the rectangular

.’plate wlth symmetrlcally dlStleUtEd p01nt supports(20)

N .
. -
! vt ’ LN Y
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Flgure 4.3, Bulldlng .-

'blocks used in the solution
_of the ‘symmetric free vih-

ration modes. of the canti-
-.lever plate- with lateral '
_polnt supportsa, -
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‘-Althdugh'this'solutioﬁ-ié .readily available,
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it will.be

:reproduced herp for convﬁnlent reference and to show brlefly

,the varlous steps 1nvolued

fn view of the. bﬁhndafy conditionss,

tlon may be wrltten ﬂor each segment as Iollow

m=1,

and -

s

m_l

L Y

Levy type/éolu—

Flgure y, 4- Fourth. bulldlng block of Flgure 4.3

C o . k* ‘ A
g wh1(£ n) =t (A1mcoshgnn + Bhncostn)51n—§§~~ T
B 3 5 _

{ . :....ftf..(u 1)
4 E
_ : T+ Z~(A2mcosh&nn  Bapcoshy, n }51n-——

k*+2 . m 2

k*® - - : ) - )
' qu(g,n) =z (C1mcosh&nn + D1mcosy n)51n 25 : | .
) 3,5 - m T . S

PR - - L teeesaeenas (4.2)
. . e
- R (C2 coshgnn + Dzmcoshv n)31n———

L mqk*+2 ™ 2

y E. o ) -
" . T 0
L L J
[ 'p.1f..- .
e e Wy (evn) I -do -
) . :.. S . - - ' n_ -:
. -l l’l* 'Wua (E ') II . <o )
..‘ aTetr o, - -;' . Q -
‘ VBT T T el

//

dlvidéd into two segments by a line parallel to the £ axis

and paSSing bbreugh the lateral gpinb’support.

t
.



f the boundary between the two segments : ;'fh_;:~_
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where .. L . ‘
Bn; ‘= ¢Jl2+fm#/-25"2,‘
' Ym = ¢v’k2—(mn/2)/~’ ) OI“- - .= 'cbv’(-mﬁ_/a)‘-k,-‘ )

:ﬁhicheveh"ieﬁneal. ThEU_the'cdﬁcentréted force is represented .

P

‘as 2en Tl E_" T E :" - L
: P(&? P*51n25351nmgg_?_’ . ()
* _m=1",3,5 . o ‘:“".-_-__
= — - . & ) .
- The next step is %o enforce the condltlonsnof .eontis i

nuity and force equLllbrlum élong the commorn, edge 'These .

condltlons are:’ - "~.i3. R ’

Loe oy T T e

..

e

1.~ The plate dlsplaqement must be . contlnupus across

'2-; The slope of the DL§£e takedfig a direction nor-

mal to the boundary must also be continuous across the

c =

' boundary. = - . T : o .

. H ‘ ~ / ’
3.~ Bending moments .must. be continuous across the

5 , .;\\ N N

4, - There_must be an equilibrium force balance between~

bounqary betweenrphe two segments s

' the applied foﬁcejﬁhd the vertical edge reactions taken along

‘the intersegmeqﬁaboundary.

S P
~ - a
-
R .
- -
. e "
]
-"'
-
- - ©
- L[]
E*]
\ <

nr
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By enforcing the above ¢conditions we have

' :ATmCOEthV+B1ﬁqoswmv-c1hcdsh55v*—D1mqosymv¥ = 0"
‘- Afﬁémsinhﬁmq-B1myﬁsinymv+c1m6msinhﬁmv*-D1m7msinvmv*

n
o

-

Aqp8icoshBnv-BinvZcosynv=Cintlcosh v¥+Dnyicosyyv*

H
- O

1
)

»x
-
b
T

{A1m8%siphgﬁv¥B1my%sinymﬁfC1mB%sinHBmv*+b1mY%sinYmv*

~and A2 < (mn/2)2 _
© AgpeoshBpv+Bincoshyv-ConcoshB,v¥-Dypcoshy,v* = 0

¢ E

A2mBmSinhBnv+BopynsinhynveCop B sinhg v#¥D, ypsinhy,vk = O

Aghﬁ%coshEmv+32my%coshymv-CgmB%céshBmv*—Démy%goShymv* = 0
Agmé&sinHBmv+B2my%sinhYmv+C2mB%$inhBmv*+D2my%sinhwmv*:P*sinm%E-'
. . . L N

whére v¥* = 1-v
- LN ) - .

Solving the above fur Aqp,....,Do, we have

(. . . . R

i A1m,:~P'sin(mwh/2)cqshsmv*l(3% + YZ)Bpsinhep
B1m = P'sin(mnu/Z)cdstV*/(B%‘+‘Yﬁ)7msin7m )
'“fw\gjm-= P¥sin(mru/2)coshB,v/ (82 + v2)Bpsinhpy

: [}
4 v

<
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"Digy = P*'sin(mﬂu/2)COSYmV7(E1% + .yr%)yms.in',’ml

Moy = P¥sin(mru/2)coshe v*/ (83 - ym)g351nh&n

B = —P*siannu72}cOshymv*/(B%‘7 vm)ymsinhwm
Cop = P*sinﬁmwu/?)césthVVQB? - Ym)sm51nh&m
Doy = -P¥sin(mru/2)coshyyv/(8E - Ym)ym51nhﬁn

- ‘ I

We now haVE-a_solhtion;forjthe fourth building block

offFiPure 4.3 with an intersegment line runhing in the

dlrectlon of-the 5 ax1s However, 51nce We requ1re the ‘bend- " :

© - ing moment contrlbutlon of this bu11d1ng bloeP along the‘

'“"edge g=1, and the siope at the edge’ E 0 although not neces-.

sary, it wopld ba helpful tq-have a-solutlon with lntersggh

.~

_-mént-1ine.runhihg'pafailel ﬂo“these'edges, as demonstrated-

by F_igur‘e' b 5", ‘to .‘elirrii'nate any ir'r'egular'ity a'lon_g these edges.

~ -

]
r

& Solutlon of the ‘block of Flgure H 5 may ea51ly be
;obtalned from ‘that of the block of Flgure 4.6 by 1nterchang- ‘

ing the varlables E and n and follow1ng transformatlon rules

R

already dlscussed Focu551ng our attention on Flgure 4.5, in

. view of'the'bQUndary qondltlons‘along'the edges £=0 and n;o

Wwe may write . . I
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g o ok
»- = «
nj . | N
¥ 1
: : . o|o
’ ‘:Wu]"(&,n) o WJ_{2(€,T.1).
I g II
0. ¢

Figure 4.5. Same as Flgure I M with 1ntersegment line
running in the n d1rect10n : ;

Cy el e T oo

=
4 W (e,n) . I
‘ N . n : ' . ! ‘ '..- B o" . )
o P P‘ 5

_ : Flgure 4.6. Intermedlate block used in the solutlon'
~:of the hlock of Flgure N, H :



\ _ o12u-
e . . )
//‘ -
Ck )
Wy1le,n) = £ (Aqpsinhggn + E1m51nymn)co (mrg)
m=0,1,2 ) S
PP (4.4)
- - o T (P2m51nnemn + 82m51nky¢n)cos(m‘ﬁ
) . m= k¥t ,
. and
. k*
W.l_;g(ﬁ'n) = Z (C“mCOSthn + D‘]mCOS\,‘mn)COS(H‘?g)
. m=0, o
.......... (4.5)
+ r (C2mcoshsmn + Demcoshymn)tos(mng).
m= k*+1
"Where )
; B :A¢JA2+(mn52 _
Yp = ¢YAZ-(mn)2 or ' : ¢/imq52-A2 :

" whichever-is real. o -

- By enfor01ng the four condltlons of cont1nu1ty and \force-
. equlllbrlum across the boundary of the 1ntersegment llne ‘and

.50lving we have

Am.-_'=_‘-p’*cbs_('m'nuﬁcoghsm&§/_sm(erﬁ A Y,,%)'qu_cbsﬁsm_
.B]ﬁ.=.f?‘éosfmﬁ;)COSYm;*/Gm(ﬁﬁn+ Ym)-YmcosTm
:C1m5;.P’eés(mﬁﬁ)éiahqﬁvlémfﬁﬁ-+.#%)Bﬁpdsh§;;
5'D1m1; ;Pléosfm;ui;ig;ﬁvféa(ﬂgl+ Ym)Yméost.i_
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Aéh_= P*eos(muu)coehemv*/d (g2 - Wm)ﬁmcoqhﬂm

o
n
2

"

. .:?%cos(mio)coehymvifem(Bé'- y%)xmcoshym
Comi, = P*cos(mnu)sinhby v/, (82 - —'Ym)emcoshem

'D2n :.-P*cos(nau)sinhymykaé(sé - ym)ymcoshym

.Whebe the concentrated force Iras ben expanded as a Dlrac

’

-functlon u51ng the c051ne serles

-.P(E) I P?éLcos(mwu)cos(mWE) L e (4.6) -
' m= 0 1 2 m . N : ‘ ‘ .
o o e if me0
cwhere - 4n U i meo
and .. - - P*'=._2pb¥fDa? )

N

We now 1nterchange the varlables 5 and n 1n Equatlons

TSM u and I, 5 to obtaln solutlons for the two segments of

'lFlgure b, 5 Note that m 1s also replaced by n.

-

. k#

Wyq(E,n) = I (A1n31nthE + B1n51nyn£)cos(nnn) . o
n=0,1,2 il (4.7)
+ 1 (A2n31nhg]g + B2n51nhyng)cos(nnn)

n= k*+1

and'



L%
Wys (&,n) = I (C1ncogh8ng +:Dipcosyy )cos(nun)
n=0,1,2 L
. ., .. (8,8)
‘ : + T (Copgosne,e + Dgncoqnyns)COQ(n n)
- ‘n=zk¥*s
where ”
‘ By = %/k4¢‘+(nﬂ)? -
i Y =;§/12¢2-(nnjz ~ or = %/Lnﬁjd-l?¢?

We may also deduce the coefflclents 1f we replace subscrlpt m .
J

..lby I, and 1nterchange ‘the quantltles ‘u and. u* with v and vk

respectlvely Furthermore, we must leldathe new coefflclents
' J

by ¢“ to leave unchanged our deflnltlon for P* DlspIacement

'.‘~ w1l1 Stlll be dlmen51onless w1th respect to 51de 1ength a.

Ayp = P*co;(nnvjcoshsna*/6n¢“(Bg'+ ygjsansth

© Byp = -P*cos(nnv)cosYnu*/6n¢“(Bg +: Yn)YncosYn _y.
- Lo . . 5

,C1n'='P!coé(nnv)sinhsﬁu/6n¢5t§§ + Yn)Bncosth

a

'D1h = ;P*c6s(nnv)sinynu{6n¢“(Bg f‘vg)YncosYn s
and. . , -

-

] ‘A2'n_.~=‘ 'Pl*coé'.(rfn;\r)cosﬁg;{u')an'¢‘5‘ (Bg - Y3 )snc:oshlan

anfé ;P’eds(nwv)coshyﬁu*JSBéh(Bﬁ«- yﬁ)yncoshwn
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With the solution of the final building block
developed we next turn to derEVE'expressions to its contri-
bution to.tHe prescribed boundary oooditions. Cootributions
of the first three building blooks are reaoily.évailaole
from‘Chapter 2, and'they'are givén by Equations 2. 29 ta 2.37.
Foou551ng our attentlon on the contribution of the last

Y

bu1ld1ng blook we wrlte

The contrlbutlon to bending moment at the edge £= 1

*of each term of Equatlon oy, 8 is : . oot
{(w (m)z = B8)Cqp + (v42(nm)2 +°42)Dgq deoslnmn) -

OP i'fr, ;\2¢2 < (nﬁ.)Z - B ~

{(N¢ (nn)z.- Bn)an + (v¢I(nn)2'h Yz)Dgn}COS{nvn)

-

The contrlbutlon to slope at £= 0 Jof eaoh term of E

rquuatlon 'y 7 is f

.'awu T (11\1n B +:Bin )oos(nnn) .

o it sz <
. .' ' . . L 5 -'e‘.
= {A2nBn + "Bg'ﬁ*f,’l)oos(nfm'i i

.t ' s B . ~
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“The contribution to bending moment at the edge n=1

of each‘term of Equation 4.2 is

M ’ . ) ] . . mwE
—%ﬁﬁ = ((v42(ma/2)2 - gF)Cyp + (ve?(ma/2)2 + ¥ )Dyp}sinfie
or if A2 < (mn/2)2

T {(ve2(mn/2)2 - B )Cop + (ve2{mn/2)2 - yZ)Dop 25'

The contribution of Equation 41 to diSplacemeht at

n=v and £=u is

— : I-{* . R .
' Wu1(u v) = ¢ (A1mcosh8mv + B1mcostv)51nE§H
m=1 3,5 , _
mwu
+k§+éﬁemcoshanv -+ Bzmceshymv)31n >

The coeff1c1ent matrlx is generated by addlng the

. follow1ng column and row to the matrix of Flgure 2 6

Quadrant (1) co T T PR
For @=1,3, 5,....._.';'_,2k"-1 ~ T

- - .

[

Aingi)ye, e = (ue2lanr2)2- ﬂm)c1m + (“¢’(m“/2)2+Y )D1m}

CoTer AfTAZTe (ww/2)2 0, . L T Tl T
= {(v§¥(mn/2)2- &n}Cgm +- {v¢2(mn/2)2-Ym}D2m

——

-



"Quadrant (2):

or if xz < (mnkzjz” e

129~ o -

"For n=0,1,2,........ Jk=1

i

Benst,3eer = (V¢ (nm)2 = 831Ci + {veZ(na)2 + y21Dgy "

.or'if . k2¢? < (nn)? S ..

.2-' . - ' .' . V
{ve2(nm)2 - 8Z1Cop +.{y¢%(niﬂ2 - Yn}DZn

Quadrant (3): L = -
For n=0,1,2,.....%.. J k=1 :
A2k+n+1 3k+1 ATnBﬂ * B1nYH.'
Cortif - $2x%,< (nn)?2
= BanBy * Bapvn |
X = S - %fl SR .

.'Qpédrané fQj:

;For=m=1,3;5;g,;};,.;2&-114," T i'_: oo

2

, (3k+1) (m+1)/2 (costhv + BTmcosymv)51n(mﬂu/2)/e11m.ﬂ o



. .'_,‘.|3Q_ .

At (met) /2 3 (coshsmv_f_egchshymv)sib(mnu/Z}/822m
Quadrant (5): L T

For nz0,152, .0l k=1

: 'A3k+1,k+n+1,= (sinhBhu + ?1ﬁ§ipynu)eo§(nnv)/611n
oz (sinhsnu-+ eghsinhyau)coé(npv)/sgén_l
‘Quadrant (6):
For -pz=0,1,2,........ y k=1

B3kwn, 2kepsq = (COSRER(T-0) - Brpeosyyli-uylcosprv)/eyp

or if 0 aZp2i< (pw)2

4

s eow -

. f'f_%h£065hép(ﬁrﬁ):_gezﬁﬁéshQP(Jig)}costgqyd?b?ég_“L. .
- Quadrant. (T): . .
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P* . -
_ wu
A3k+1,3k+1 = I (A1mcosh8 v o+ B1m°°slm 2
m=1 3:4 . - )
'2k-1 -
+ * (Azmooshsmv + Bypeoshyyv)sin—=
m= k +2

Next u51ng spec1ally de51gned I: ogram 13 of Appen-.
'dlx 3 we generate the coefflclent matrix to establish those
values of A2 whlch cause the determinant of the matrix to
_vanlsh A vanlshlng determlnant 1nd10ates that the a55001—
ated value of Az.ls an elgenvalue Due to the fact that the-
-coordinatés of the p01nt support of Flgure b, 3 may ‘assume
' any comblnat;on‘of real numbers between zero and one, it” 1s-
'fphy51cally 1mp0551ble to cover elgenvalues for thls 1nf1n1t'

number of p0551b111t1es However, Appendlx 3 prov1des Pro-

gram 13 to Handle any p0551b111ty one may encounter, and

.Program 14 w111 generate the correspondlng mode shape, data. A

y Meanwhlle, Table i, 1 llsts the flPSt three elgenvalués for
. }
eleven dlfferent plate aspect ratlo where u and v assume the

'value 1/2 Correspondlng mode shapes are also 111ustrated 1n'

-

"l We next turn to the antlsymmetrlc free vlbratlon

‘;gmodes of the cantllever plate with.lateral p01nt supports.-

B . L]



- ;jof the bulldlng block we have:

Cos132- L i

Antisymmetric Modes

- -

We start by studying the.four building blocks Tof. .

Figure H.7€ It soon becomes apparent tha% seolutions for the

-

fifst three building blocks are readily available @rom_the -

analysis of the ahtisymmetric free vibration mo@es_efgthe
cantilever plate of Chapter 2- quce,-we start 'with the
analysie'of the fourth building block'by'dividing it into

two segments és'shown in Figure 4.8.
The Fourth Building Block:

The block of Flgure 4.8 was also used by Gorman in
hlS ana1y31s of the fully antlsymmetrlc modes of the rect-
'angular plate w1th symetﬁlcally distrlbuted p01nt supports
on the 1ateral surfece Hence, 1£s solutlon is readily .
'availaﬁle and'is repeatedlnere.for convenlent reference

"'U51ng a second subserlpt to refer to the relevent segment

- kl ' '-
Wln(t:, Tl) z (A1ms:|.nh
3,5 ‘ _ ' . -

e .
.
[

I\J

+ 3 (A2m51nhsmn +. B2m51nhymn)51n——£'

T mekMe2 S0 S RS

.

L'.-:Z..'.('n.éi:) .

-



/g-.“"
. e
W‘|(£,n) (o]
n 3Wq/an
+
&,
+
o WQ(EH’]) ,‘ BWZ/Bg
i '
. \
y a . E . e
——
[ " 0.
] t :
A o .
y W(e,n) v - n{
1 . x
- U, - ' : £
1 \ : -
v : -
{ n @ W3 /3E . W3..‘(._g n) o
3 / E
/ .
/
§ fe) e
Flgure 4.7. building S, 0
blocks used in-the solution - i
of the antisymmetric free + '
vibration modes of the, canti= 1 £
lever plate with lateral point - =
supports. :
" 0
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and

‘ k¥*
CWyo(e,n) = % (C1mcosh8mn + Dypeosyy ng o
m=1,3,5 . (4.10)
+ T (Cgmcoshsmn + ngcoshym 25
m= k*+2 . >
where . . .
By = ¢/ATk(mn/2)7
) . ‘ M
ym = ¢VAc=-{mn/2)7 or = ¢/Imn/2)2-xﬂf

‘whichevey Ls.real, following our established prqoeduré,'the )

<

first summation pertains to terms for which 22 > (mn/2)2.

° n " .
Wh1(£,n) ‘ I
‘ R Mo
- , X — )
l Wyo (E,n) 1T
. n .
: -~ g o.o » -

r
K

Flgure 4, 8 Fourth ‘building block of Flgure y, 7 with
1ntersegment line parallel°to thé ¢ axis. -
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Two of the original constants in Equations 4.9 and

. 4.10 have ben eliminated by means of the boundary conditions

prescribed at the edge n=0. If we represent the concentrated

force by a sine Diraec function,

P(g) = sinmgy-sinm%E ......... (4.11)

the continuity and force equilibrium equations become

Aipsinhgpv + E1n]sinymv - Cypcoshpv* - Dypcosyyv¥* =0

‘

] : ) - .

AfmBpcoshfyv + Bypypcosyyv + CimBpsinhgyv¥* - Dipyesiny, v¥ = 0
. ) ; | | !

AimBisinhgyv - 31mﬁ%fin7mv - C1m8%cosh8mv* +fD1mT£COSﬁﬁv* = 0
. - c . . mmu

‘Ahngﬁcoshgmv—B1myﬁcostv+C1m8551nh8mv*fp1m7551nymv* = P*sin—%=

and - ) )

Agmsinhsmﬁ + Bopsinhyyv - Cppcoshgyv* - Dypcoshy v = 0

Agmampoggémv + B2m§mcoshnnv + Cgmsmsinhgﬁv* + DppypSinhyyv®=0

homB2Sinhfnv + Bopydsinhyyv < -Cgmetﬁcoshsfn_i(*'- Dop Y COShyy v#=0

Tu

" hop Bcosh fy V+Bom v coshyy V+Can B3 S inh gy v+Dop y,,'.a;sinhymvlgp*sinﬁé—-
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Solving the zbove eguations we have

= P*sin(mnu/z)eosh(amv*)/(g% + v ) Bpcosh fy

e
—
-3
1

b

Bip = -P*costv*sin(mnu/Z)/(é% + fﬁ)yﬁCOSym
Cim = P*sin(m%u/2)sinhgn' (gn + ﬁn)%nCOSh%n

>

Dim = -P¥*sinyyvsin(mru/2)/{83 + Y& )y COS Yy

| Aém = P*sin(mnu/E)cosh&ﬁv*/(gn - ﬂn)&nCOShqn

) Bom = -P*s‘in(n-mu/2)c‘oshymv*/(B,,Zl - Y& ) ymcoshyy,

Com. = P*sin(ﬁwu/E)sinhan/(Bm - Ym)&ncosh&n
D2m'='—P*sin(mnu/2)sinhyﬁvl(8m - Tm)ymcoshym

. With the}Solution for -the building'biockVOf FiéUfe‘
4.8 avallable, it will be recalled from th@ solutlon tech-
'nlque for the symmetrlc modes. that we also requ1re a solu—
tion for this fourth bulldlng block w1th the segments .
:_d1V1ded by a 11ne parallel to the n axis as shown 1n Flgure

u 9 Thls solutlon may e3311y ‘be 1nferred from the solutlon

~ -
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of the block of Figure 4.8 which is given by Equations 4.9
and 4.10 by a simple interchange of the variables £ and n,

at the same time replacing 'subs‘cr'ipt m by n.

N
Wyq(g,n) = Z (A-|n81nh8ng + B1n31nYnH n2n
: n=1,3,5
........ (4.11)
) - (Agnsmhens + Bppsinhy, €)sinfls
n=k¥+2 : :
and
o k¥ g . .
. . .-'- . . nTrn
WMQ(E’”) I (C1n_coshﬂn€ ~+. Dy co5vy! 5
n= 1 3 5. ' o o
E (4.12)
' n
+. E (ancoshsné‘ +D2ncoshyns)sm-§—-
=k +2 . .
o E -_“ ._ . T N \ " E
.;‘n_ -,_-_V'-.I‘.' ‘ 7.".‘ | ,II.: |n,
“ j.Wu'1(€,n) S W2 (ﬁ;,n)go
: ‘0-.5 . T .
" . O" . ut
) Flgure y. 9 Fourth bulldlng blOCk crf F:Lgur-e _11 7 -

L Wlth :Lnter-segment 11ne runnlng parallel\to the n axis. -

’ - .
“_. . om ‘o . Y



where

n = %/A“’?«‘-»(nr/E)‘

Yn = %/Az¢7¥(nﬁ/2)‘ or = %/(nﬁ/2)2-12¢2

whichever is real, and

Aip P*sin(nwv/2)cosh8,u*/(82 + y§)8n¢“bdshsn

B1 = -f*cosynﬁ*sin(ﬁnv/Q)/(%% +3Y§)Nn¢“C§SYq

Cipn = P?siﬁ(h%v/?);inhspu/(sg‘+ Y2 )8p ¢ coshey,

Din = -P*sinyyusin(nnv/2)/(82 + Yg)yn¢“§os=_vn

Cand ' o ’ | : - \

g -

fon = P¥sin(nwv/2)coshB u*/ (82 - v2)B8ye*cishey,

.

g
o B

-PFsin(nnv/2)éoshynu'/(gﬁ - y&)yn¢“QOshyﬁi

an =.P!sin(nﬁv/Z)sinhBhu/(Bﬁ'; yﬁ)sn¢”cosh8n
Dpp = eP‘Sin(nvv(2)siﬁhynh/(B§ - Y3 )yp ¢ coshyy,
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Contributions of the fourth building block to the
prescribed boundary conditions are:
" The contribution of each term of Equation 4.12 to
Sénding moment at £=1 is

M, a

_% .= {C-ln(\J@%(nﬁ/Z)z - Bg) + DTI}]‘(UQI(n“/Z)Z -+ .Yn LR $

or if - ¢212 < (nn/2)2

= {an(u¢1(nw/2)2 - ﬁq) + Dgn(u¢ (nﬁ(2)2 - Yn)}51nngn

The contribution of each element of Equationiu.11

. -

(]

to slope at £=0 is

N
. ' . n.n-n ‘ - .
WLH.(F,,H) = (A‘]an -+ B«In-Yn)SlnT . R
or if 1242 < (nu/2)2
= (fpnBy + BZnYﬁ n;n

-:ﬁ'( " The contrlbutlon of each term of Equatlon 4.10 to

bendlng moment along the edge n= 1 is

7 S

-

2

N S ‘ R
7_;£ﬁ$2_= {Cqp (ve2(min/2)2 - 8R) + Dip (ve2(mn/2)2 + ym)}511

(] . . ..

e
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2 <« (mn/2)2

or if cA

M, ob

_%f- - {C2m(v¢2€mﬁ/2)2 - 82) +szﬁ(u¢2(mn/2)2 - yé)}Sinm;E

The contrlbutlon of Equatlon b.11 to dlsplacement

-

at the point support(u v) is

. Kt o ' .
Wy (u,v) = o= (A1n31nh5 u o+ B1nslnYnU)Slnn2v L )
n=1, 3 5 = |
.4 (A2n51nh51u + B2n81nhyn

n= k*+2

The coefflclent matrlx may now be generated by

: addlng the followlng column and row to the matrlx of Flgure

L2011,

Quedrant (1):. o o | SR h B h!h;
:th;m=1;3;5,3;.;.,.,2k-Je

".5(m+1')/2'.,i_.31<.+'1 '='.g1r;‘{o‘¢.2(mn‘/e)_'zl"_." s,§}+ D1m{v¢z‘(m{2)‘2 + il
’uofhi% 2_:??:<‘fm512)? ' "2; R f".f't-fh -
= Can w82 me/2)? 88 + Dpia?(mn/2)t - o |

e
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Quadrant (2):

For n=1,3,5,...... L, 2k=1

' " 2(m 2'_ . 27 a2 2y
Ber(ne) /2, 3ke1 © Cin1venn/2)® - ggd o Dy fvog(nn/2)® + vi)

Tor if  A242 < (ni/2)2 .

]
-
Hro
—
1

= Con{véZ(nn/2)2 - g} + Dop{vel(nm/2)2

" Quadrant (3):

‘A2lk+(n+1)/2,'3k+1 - A1n‘81’i_ + Bh‘”n)

“Qr_if, 242 <,fnn/2)2"f o
A R //) f
| L - /f//
Aanﬂn Bé“ﬁr’

Quadrant (4):.,
FOI" m=1 .,3'75‘,‘0 » c"m‘. . -'2k-1
A3k¥1;(m;1j/2:=.(Qﬁmginﬁﬂmv +'$inYmV)Sti@“9/2?f3]1m"

~*

Cor if T AZ < (mn/2)2



)

i = (810 sinhEu + siny.u)sin(n v/2)/8
| A3k+1,k+(nf1)/2 ﬁ61p81nhsnp + 51§Yn ).1 - T )/ 811n

Cor if  A2p2 < (pn/2)2.
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ey = (eppsifibe inh in(mau/2)/5
A3ke1, (me1) /2 (e2m$l“?8mF + sin me)élnﬁﬁ 2)/%32m

Y
Quadrant (5):

For ﬁ:1,3,5;..:;:w-12kf1 S

- or, if 1242 < (nw/2)2°

_=‘(62néinh5{u + sinhvnu)éin(nnv/2)/622ﬁ

"Quadfanﬁ (65:_.

For pz1,3,5,.......,2k=1 -

~ .y = ) h '1—“;— 814 COSY (Wéu)}sin(pwv/2)/e11".
A3ka1, 2k (pr1)/2 ._{°°5 3p§,.U) T Tpeesp il 03 e P.

- -

- Iboshsp(1-ﬁ)l-:éngbghypk1£u)}Sih(bwv[25fﬁeéb.

2 -
}Qnadrént (7)_ -
'"Forﬁﬂ:1y3;5},g.gq.;}2k-f
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. "
. - - Ty
A3k+],3K+1 = I (ATnsznthu + B1nsznynu)51n—§—
n13,_z T
2k-1 - - nv
+ i (AppSinhBuur + Banslnhynu)31n >
n=x +2 : .

Uslng the above 1nformat10n, Program 15 of Appendlx
:3 was de51gned to generate elgenvalues Qf any oantllever
plate w1th lateral p01nt supports symmetrlcally located w1th
respeet to’ the £ ax1s as shown in Eigure 4.2, These elgen-_

values are obtalned 51mply by feedlng Program 15 to'a dzgl-

'tal computer W1th the plate aspect ratio and’ 1ts p01nt

- ;_support coordlnate u and// As an example, elgenvalues for‘

_the flrst three antlsymmetrlclnodes of-the cantllever plate

of dlfferent aspect ratlos, and p01nt support coordlnate of

.

h_(1/2 1/2) are llsted in Table u 2 Correspondlng mode’ shape

data are obtalned u51ng Program 16 of Appendlx 3 ‘Mode. shapes

ucorrespondlng to elgenvalues of . Table 4.2 are 1llustrated in

B

. .Append;x 2.

Results and Discussion
T . ; B

. “AY the beglnlng of thls work -we mentloned that most :_' _' (jf»'
. ;of the puhl;;hed data and researeh work relatlng to ‘the J:':'T

- i

.problem of plate v1brat10ns up to the year 1965 were grouped

L Y
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' together‘and preeented in a single referenoe thanks to
.Leissa(19)- Leissa's book lists a good number of references
relatlng to the analysis of the rectangular eantllever
plate. He also lists their published data most of-which’
agrees fdavorably with the‘pesolts of Gorman's work(20)
.relating to the cantilever plate'problem; Gorman's results -
were_listed in Tables 2.3 and.2.4 for convenient.referehce.
in Chapter two.weihave compared these reeults with our own
of Tables-3.1 and 3.2'and'found a hear totel-agreement.
Leissa's“bOOk also lists a good number of refepencee relat—
Iing to the analysis of point supported plates, pone of-whioh
dealt with.the point euppoptedvcantilever plate.'AlthOUgh;.a
- more recent litereture surﬁey shows that researchers and -
_501entlsts are stilil devotlng time and effort to the ana1y31s
6f the p01nt supported plates ineluding Gorman(ZM) and G.
Venkateswara,Bao, I.S;_Raju-and_C.L. Amba-Rao(25), none of

thém has dealt with the cantilever type plates. Thereforé

!

/
!

there 'is no apparent publlshed data Wwith which one may comp-, LT

are in order to test the validity of one's results However,

‘.one can thlnk of numerous options open to test these results,
. »

. some of whloh w111 be explored in the followlng - ";/fkﬂ
Focu351ng our attentlon on Flgure 4 3, . 1t 1s readlly\

‘seen that by remOV1ng the thlrd bulldlng blook we would end

| A



T

up w1th three bulldlng blocks that could ‘be used -to analyze -
modes symmetrﬂc with resnect to the 5 axis and antlsymmetrlc
w1th respect to the n axis of the rectangular Dlate wlth
symmetrlcally dlstrlbuted point supports, readlly analyved
by Gorman(20) W1th thlS in mlnd the follow1ng test was
‘f"conducted. The effects of the thlrd bu1ld1ng block of Flgure_
4.3 was_ellmlnated_by drcpprng rows and- columns representing )
-theseief}ecis_?rcm>the:appropriate coefficient matrix.‘:' o
Edgenvalues for piates'similar to those analyzed by Gorman -

were generated and general agreement was found.

We next turn to Flgure 4.7, where by dropplng the
.thlrd bu11d1ng block we end up with a set of ‘building blocks
-that can be_used tcnanalyze the fully antlsymmetrlc modes'of
“the rectangular plateiwith svmmetrically:distrinuted point

"suppcrts'on the lateralesnrface, also analyzed by Gorman.

Therefore,‘effects cf-the third‘building Block of Figure 4.7
- Were removed_by:dronping out apnropriate rows and coldmne

) 'from the ccefficient natriX"Relevent eigenvalues were

‘ generated and when compared W1th exlstlng results, general
agreement was also found . \

" In the above two tests we have checked and compared

L)

our derlvatlons and programmlng of the present chapter We
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now turn to check for those of Chapter 3 as well\ A close

‘look at Figures 4.3 and ﬁ.? shows that by decreasing the

valde of the dimensionless quantity u, and as u be omes

_closer and closer to zero, at the limit we should end up

!

7w1th‘the same'elgenvalues as those of the cantilever plate,

Vo = |

and;thaﬁ proved ﬁo be the case. The same was found fcr the
plate of Figure 3 L as g bebame elose to zero. -Furthe%more[-
it is clearly seen that if the dlmen51onless quantlty c of

Figure ‘4.3 and H 7 Was to be 1ncreased 50 as to become very

close to unlty, at the" llmlﬁ we expect the Same elgenvaluesj.lg

as those of Flgure 3.2 Tbat’was also proven to. be the case.



CONCLUSION

One of the most commonly used structures in the

1ndustr1a112ed world is the rectangular plate’. In many
- ’,,.r-—--—-t"'" .
de51gn problems, specifications merely ensuring that plates

)

will withstand appi;ed staticllqads.preue:to be ina&equate.
It is for this.reaseh‘that analysis of the free vtbration_
of plates has been and still is galnlng momentum The'canti-
lever plate hlth symmetrlcally dlstrlbuted p01nt supports
constltutes one of the cLa551cal plate free v1brat10n prob--

lems. If has many 1ndustr1al appllcatlons, -as well as

-

appllcatlons 1n.clv11 englneerlng structures Analy51s of
thlS type of plate has tradltlonally presented the analyst -
--wlth serious’ dlfflcuitles because of the formldable "roblem

__of‘trying to satlsfy the: tree edge condltlons and the

condition of zero diSplacement at the poinﬁfsuppprts,

. . Ve . . - - -

. In thls paper, such dlfflcultles were obv1ated and -

-

'a highly accurate anaiytlual type solutlon as prov1ded for

the flPSt time for this partlcular englnee 1ng problem
B

-

o Through exploltat1Qn of the method of superp051tlon, and

~

technlques developed by. Gorman(21) a-soluﬁlon for the above. - .

y v

*

i

i
" : . - . - . .'.‘ <0 Y ~e :
.__.-.‘._ . . . : . - L) e . - I . L

|

{

|

19

[t I
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problem was obtained by superimposing a number of solutions
tkat were obtained by classical methods. Unlike nemerieal
and other approximate solutions, the analytical solution
satisfies exactly the differential ecuation.bhroughout the
plate. It also satlsfles all boundary condltlons to any

desireq_degree of acecuracy.

éighly aoeurate eigenﬁe}ues and mode shapes hdve

been-tabulated for both the ef;metric and antisyhmetyid.modes_
of a wide selection of‘plates with e value of Poisson's ratio
equal -0.333. All of the results reported here were comouted
w1th a view to prov1d1ng accuracy to four 51gn1flcant digits:
in the elgenvelues. Greater accuracy 1s easily “obtained
simply by increasing the number of terms‘used in the appfop—
riate seﬁies involved. After‘cenducping numerous convergence
tests of the type described in Chapter éi-it was recegnized
“that thlrty term expan31ons would exceed the number of terms‘__
:requlred for many plate conf:guratlons and modes Butrln
.order to take caré of the most demand;ng cases, 1t was decid-
ed to go with thirty terms-througﬁout,jin_the caSe of point
. supporﬁed Plates. However,'seven term_expansiohs provee tb.be
‘adequete %pr most plete configurafions and ﬁodee_bf'tﬁe eané
tilever plate. It was Qeeided'to go with fifteen.ierﬁs in this
' ceee'to satisfy the most demEnding:cases. ”
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A study of the literature reveals that exact or
highlf accurate sdiutions have been obtained for many
rectangular thin-plate free vibration problems including
the rectangular cantilever plate. However, to the author's
- ¥nowledge, this proves not to be the case for.the problem
_at‘hand.“Conseduertiy, no comparison'of results is possible.
Eut, eigenvalues generated were carefully e#amined using-
various techniquea such as those discussed at the end of
Chapter 4. Mode shape data were also generated_and'carefully
analyzed using specially deaigned ccmputer.prcgrams of-Ap—
pendix 3. | I - /

" The abalyticallsolution presented_hereibdmaylbe
cbn51dered as an 1mprovement and an extenszon to the solu-
 t1on of the cantllever plate of Reference (20) Tn thls :
paper, rejection modes 1ntroduced by the solutlon of tne
‘above referencelﬁere ellmlnated Furthermore, p01nt supports
7were.1ntroduced. A hlghly accurate analytlcal solutlon was
'prOV1ded u31ng a technlque already descr;bed in- the 11tera—

ture Thls mathematlcal technlque is not llmlted in appllca—
-tlon to prqblems w1th symmetrlcally dlstrlbuted p01nt aup-

_ ports Its appllcatlon coula be extended to any comblnatlon -

of p01nt supports along the edges or the lateral surface by

' prudently ch0031ng a sufflcent number of bu1ld1ng blocks to



s

satisfy_thé boandafy'cohditions. The only requirement is -
that these boundary oonditions and the differential equa--
tion do not introduce‘any non-linearities. In fact, a
solution for the'free_vibratiqn proﬁiem.of the cantilever
plate with four symmetrically distributéd pdint supports,
two along the edges parallel to the ¢ axis and two along
the edge opposite to the clampdd base, can easily be obtain-
ed by superimposing appropriate building blocks already
discussed in this thesis. As indicated eérlieb, a search of
thé literaturé has failed,to‘ﬁrovide ?igenvalue‘and mode.
shape information for this imporfant industrial problem. A
main goéi of this bépér id to fill this serious gap in the

- techniecal literature.
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Appendix 1

In this Appendix a list of integrals is renroduced from

Ref.--rancge (20) for oonvenlent reference This llSt

although

Qpiefz 1t is sufficient for all the lntegratlons required in thlS

thesis.

Becosmrsinhg
Bé+(mm) <

f&coéhﬁﬁcoamngdg

g
82+{mmn)2

, . o |
% sinhgtcosmnede (coshBecosmn-1)

8singcosmn
g2-(mmn)2

% cosBLcosmmEdE

1 S o .
% sinBfcosmmide ————E————(1—cos€cosmﬁ)

82-(mn)?
. f coshéisinﬂgidg = mw/2+Bsinthinm}/2
° . ‘ 82+{mn/2)2
1 LT o
R, sinthsinm;EdE =.3005h.881emn/2 |
° S . B2+(mn/2)2
1’ | ‘ | _. 3 ' 3
'f-0058551nm“5dg - mn/2 831nme/2)51nB _
u' 0 . ) . (mn/2)2_82 - .
1 . _ . . ] . ‘: . )
- f 51n3551nm;5d5 = . BCOS@Elnmn/E
) S 8- (mn/2)2

—

‘Equatlon %A1 6) is valld for m=1,3, 5,,,.-only.‘

| f cosh(s(l-g))sln__idg ; (mn/2)cosh3
° 82+(mn/6)2

1

.

(A1.1)

(AT.2)

(A1.3)

(A1.4) "
(A1.5)
(11.6)

(A1;75 

'pai!s;'

(a1.9) "

P
R



L {;posh(8(1f§f)cosmnadg =

, ‘ 1
IR 2

~156-
. A

sinh(a(1-£))sin™ilq; - (mn/2)sinhg-gsin{mn/2)

: B2+{mn/2)2
005(8(1-g))sinE%£dE _ —(mr/2)coss
82-(mn/2)2
sin(s(1;€7?sinmgﬁda - Bsin(m=/2)-(mn/2)sin¢

g2-(mn/2)2

(a1.

(A

(a1.

(A1.9) and (A1.11) are valid for m=1,3,5,... only.

Sinhﬁgsinmnédg - —mrcosmrsinhg
' B2+(mn)?
coshgesinmmedr = Mr{i-cosmrcoshg) |
- .$2+(mﬁ)2 ¢
singesinmnede = mrcosmnsing
. B2—(mn)2
COSB%sinmngdg . mr(i-cosmrcosg)
- (it )2-g2
sinh(g(1~£))sinmnedg = BASinhB
| A  (mw)24p2

mn (coshB-cosm)
B¢ (mm)

cosh(8(1-£))sinmnEds =

mnsins _
. -(hﬂ)a;gz.

sin(g(1-£))sinmrede

mr(cosB-cosmn)

il

cos(8(1-¢))sinmnede

. (mn)2-82
Bsinhﬁ

| - BZ+(mn)?
Siﬁh(ﬂtl-é))éosm;gdg 'BLCOShE'?OFmﬁ)
S 82+ (mn)?

- (A1
(a1,

(a1,

(A1

(A1,
FA1.
'(Aj.
(a1
fta1

(a1

10)-

L11)

12)

.13)

14)

15)

.16)'

17)
18)

19)
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.21)

22)



1 . :

{ cos(B(1-£))cosmnede = ~o32DB (A1.23)
0 52___(m.n)2 .

1 - ! 7 . ' .
}0 sin(B(1-£))cosmunidg -8(cosmn-cosB) S (Ar.2u)

BZ-(mn)?
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Appendix 2

MODAL SHAPES

This Appendix contalns a oompnehensite oohputer mooe
shape pnintoutS'illustrating both syﬁmetrio'and antisymmetnic
mode shapes for the. oantllever plates dlsoussed in Chapters 2-
‘.3’ and M In these 111ustratlons (PFI) 1nd10ates the’ full
plate aspect ratio d1v1ded by two U and V 1ndloate the p01nt:
support coordlnates on the lower half - of the cantllever plate‘-:
as explalned in the 11st of symbols It also must be noted
that in these 1llustratlons only the lower half of the plate

.is shown

. The original computer prlntouts show‘thnee difﬁerent‘
oolons, Blaok"blue‘ and red Where blaok lndloates p051t1ves
dlsplacements, blue 1nd1cates ZEero dlsolaoements, and r&@?

' 1ndloates negatlve dlsplacements In future ooples these
, dlsplaoements are 1ndlcated by (+) (0), and (-)Arespeotlve-

\'-

ly.
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" Appendix.3 i

. COMPUTER PROGRAMS |
USED IN THE FREE VIBRATION ANALYSIS
OF THE RECTANGULAR CANTILEVER PLATE

,This appendix presents a complete list of computer
program listings fo determine_the'eigenvalues.and mode shépes
for the symmetric and‘antisfﬁmetric modes of the cantilever
plate of Chaptefs'Z, 3, and 4. While Programs one throﬁgh 16
are based on the analytical solutions of Chapters 2, 3, and
u, Program5_17 and‘18 use thg finite element techniques. ToA
generatg:desiréd eigehvalues or mode shapes, a full underL
standing of these programs is ndt required for enough e%pla4'
qgtory comments havg been entered at the begining of each

program, anda.no further description should.be'required here.. -
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PRUGRAM )

C
C
THI> 15> A SYMMZTRIC MUDE EIGENVALUE SEARCH PROGLRAM C
JFIR THE ReCTANGULAR CANTILEVER PLATE Frbb VIDRATIUN PRIOSLLM. <
C

C

CCCCCLCLCCCCCQﬁCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCLCCCCCCCCCCCCCCCCCCCC

o Xata¥aXataXaXaYaYataTals

U3AGe I THE FULLUWING VARIAHLES MUST BE PROVIUVED;

lo= K = THE NJUMBEK UF TERMS TL Bt USKO IN THE
SERIES INVULVEDe FUKk 5 DIGITS ACCURACY
USE K = 10.

<e= PHIK = 20/A, 15 The FULL PLATL ASPECT RATIU.

Se= ALMOS AN INITIAL STARTING VALUE FUR THE e loaN=-

VALUo SEARCH.

%= DLIM = A FINISHING GR C1uENVALUZ SEARCH ENDING -
. LIMIT. 1T INSTKUCTS THE COMPUTER wHEN To
HALT bXECUTIluN.
Se- Lkl = EIGENVALUE INCKUMENT.
be— PUIL = PLISSUN®S RATIU

ﬂfﬁf\rﬂﬁf‘fﬁf\rlﬂf\r\r\r\FJﬁf‘(\Ff“f\

CCCCCCCCCCCCCLLCCCCCCCLCCCCCCCCCCCCCCCCCCCCCCCLLCCCLCCCCCCCCCCCCCCCCLL

el ot el aYalaYaVaYaYaYaYaYaTalaYatatatatatats

AAPLICIT KREAL*8(A~H U—-2)
OIYAENSILN A{45,.45)
K=22222272222°2272722272727227°
Zd:-dooo , . . ’
PRAIR=722222222222227227272727
PHI=PHIR/Z . o
PRINTS0+PHIR WK “.

9 FIURMAT{®1® 3 "PHIR=®*,F3eb4s1iKs"K=2,15) :
Kizd*K~] ’ ' :
C=1e.
Pl=4«*JATANC(C)
relssPHI»PHI : .
PUI=2922222422722?22270227 P
Fdla=2-PUl -
PHIN=] /P N HE .
FHINE=PRINEPHIN . : i NP
JES=FULI*PRHIES ' '
SJELS=PUI#PHINS
i=dsK

o

JEL=2222222722227
1 CCNTINUE .
ALMOS=ALMDS+0EL ' T A

e
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INLTIALIZE THE MATRIX A S

od 2 M=1,1

00 2 N=1.1
A(M-N)-_-OOO

CUNT INJE

DJd 3 N=1.K
A(NFZIK NE2*K ) ==} -
CO 10 M=1.K1,2 -
DO 10 N=1,4K :
JN=N=-1 :

EMP2=M2xPl /2.

EMP2S=EMPSEMP2

ENP=JN®P] _ o~
ENP 3SENP*ENP -
ENS=(lclpHISJ*(tNP#tNP*ALNDS*PHIS) S

E8A=DSCRT (BNS)

X1=ALMOS*PHIS=-ENP*CZ NP )

LIFT (X1l Te0a20) GO TQO S

ONS={.l-/PHIS)eX] '

GN=DSCRT(GNS) .

X=PCLS*PHINSSENPS e

TOL=(BN*(BNS—X) #DCISHIBN) )/ (LN* LGNS+ X) *DCUS(GN) }

TO1P=DCLSH{BNY Z7DCOS (GN)

X=JF [S*ENPS -

TOlIN=BN2DCOSH(BN)+TO1*OGN*DCUSLGN)

TOLIP=BN*DSINHCBN)+ GN*TD1P*DSIN{GN)

If (M+0T1e0) GC Tu 4 >y
CAINFKONHRI= ((UF IS*ENPS—BNS) ¥DSINHIBNI+ TO 13 (UF1S#ENPS+INS) .
103IKR{6GN)IATDILN .

A(NT2IK s N+HKI=(BN+TD1%*GN)/TD 11N

CACNFK A NF2RK)S(X®{1=-TOLP )—ONS-GNS*TOL1P)I/TDL1P

XIE((ENPS—UFS*BNSJ/(dNbeMPZaJ)*BN*DCOSH(BN)
X2=(TLC1* (ENPS+UF SEGNSY)/ (GNS—-EMP2S) ) *GN*DCUS{GN)
XX=(DCOS{ENP)*DSINLEMP2}/TOLIIN)®(X1~X2)
A(IM*LI/2 N+K)I=ZXXE2 L0

X1={ (ENPS5-UF S*¥8BNS}/ (BNS+EMP2S) } *DCOSH(BN)
xz:(TOIP¥(LNPS+UFS#GNSJ/(GNS—EHPES{J*DCUS(GN)
XX=2*LCLSIENP)*EMP2S(X1+X2)/TD11 )
A(IM+]L)/Lalnt 28K )=XX .

wO TC 10 :

Xl==-x1

GNS={la/PRHIS)I*X]

GA=DECRTIGNS)

X=PU1S5*PHINS*ENPS

1F {(BNS5.LTZ2) GO TO &
TIZ=ENX(BNS—X}/ (GNE (X-GNS) )

=JF IS®ENPS .

TLOZ2F=BA-GN

TIZZN=BN+TD2%GN

IF (MaGTela0) GU TO 7
A(N+K.N+KJ=(X—BN5+TDZ*tx—GNS)J/IDZZN

AINT2¥K s N+KI=0.0 ‘ .

A(N*KoN"Z‘KJ=G.° .

w3 T 7
Toz=(BN*(bNS—x)*DCUSH(BNJ)/(GN*(x—GNS)tDCUSH(uN)}
T32P=DCLSHIBN)/DCUSHIGN) ‘ )
X=JF I 5¥ENPS

1022F=ah‘DSIhH(BhJ-GhtTuzplDSINH(GN)

. L
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TOLZ2N=BN¥DCOSH{BNI+ TO2GNR*UCOSH( GN)

IF (MaGTWa1.0Q0) GG . Tu 8 _

ACNFK o N+KIS(LX—BNS) *DSINH{BNI+TD2%(X-GNS)*DSINH(GN) ) /TD22N
A(NT2EK N+K)IS{BN+TOZ25GN)/TO22N .
A(N+E-N+2¥KJ=(UFIS'ENPS¥(I—TDAPJ-BNS*uNS‘TDZPJ/TDZ2P
GQ TO 8

X1=({ (ENPS—-UFS*BNS)}/(SNS+EMP2S})*8N

AZ2=( LENPS-UF S®GNS)/ (GNS+EMP25) ) *GN *TD2
XX=(LLCOS(ENPJI*DSINIEMP2 ) /TO22N) 2 (X14+X2)
A{{(N+L)/2;N+K)=XX¥2 .0

X1={ENPS—UF 533NS)/( ENS+EHP2S)

T X2=({ENPS—UFS*LNS)/( GNS+EMP2S)

XX= Z#DCOS(ENP)*EMP2$(X1-X2]/TDZ2P
A{IM+1)/2:N+2%K)=XX

sud T4 10

X1=( (ENPS—UFS*ENS)/ (BNS+EMP25) )*BN*0COSH( BN)
X2=( (ENPS—UFSEGNS)/IGNS+EMPZ25) JEGNEDCUSHIGNI*TD2
XX=(CCOS(ENPI*¥DSIN(ZMP2)I/TD22N)Y*{X1+X2)
A{IMH+LI/2.N+K)I=XX¥2 .0

XL={ (INPS~UFS*BNS)I/(BNS+EMPL2S) )*DCOSHIBN)
X2=(TD2P#{ENPS—UFS*CGNS)I/(OGNS+EMP 2S) ) *DCOSH{ LGN
XX=24DCOS{ENP) sEMPLI( X 1— xa)/ruzzp
A((M+ LI/ 2:.N42¥K )=XX

CONT INUE

OJ 20 N=1.K

Ca 20 N=1leK1ls2

JIN=N=-1

cNP=JNs%sP]

CENPSZENPSLNP

SMP2=M¥P1/2.

EMP2SSEMPI2REMP2

BH:—PHIS*(ALM051EMPZSJ

EM=DSCRT(BMS)-

X1=ALMDS—CMP2S

GM3=PHIS*X] :
GM=DSURTILGMS) "
Tul‘(dM¢(BHS-POlbtpHIb*:MP£SJ*DbINH{HH)J/(uM*iGHS+PUIS¥PHlStEMP2S)
‘1 ®#935IN (GM))

I21=T1D1%(-1)

TOL1=BM*DSINH(BM)— TUl*bMtUaINH(GH)

XX - '“((bM*D:lNH(dHJ)/(BMb+tNPS)+TUl‘GM*DSINiuMJ/(GMS-
‘1 tNPa)J*d‘&Hpa*DCOD(:NPJ/TDIl .

IF (JUN-GT-0.0) GU TO .11

AX=XX/2 -

ALNFZEK s {M+LI/2)=XX-

Xl= ((EHPas—UFIS*HM;)/(BM;+ENP;J)tBMaDLOb(thJ*DSINH(BMJ

X2=( (EMP2S+UFIS*GMS I/ { uMS~ENPS) ) #GMEDCOS{ENPI*DSIN{ LMY ®TD]
XX=(X2+XL)*28DSIN(ZMPZ)/TOL 1

iF (JUNGTW-0a0) G0 TC 12

XX=XX/2 "

A((M+1) /24 (M+]1 ) /2)=({UFSEEMPL2S~BMS)*LUCIOSH(BM) +TD 12 (

LUF S*EMP2S5+G6MS)20CO3(GM) ) /TLLL

A{N+K%S (M+1J/2)<xx )

aud TG 20

Xl==-Xx1

oMSI=ZPHIS®X] .

GM=DSCRT{GMS)

IF- (BMS«6TaZ2) GU. TG 45 . .
TU&:(th(uMS-PDlStPhIS*EMPZS)*DbINH(BM))*(-})/(GM*(GM:—POIS*



."_

alalalNaYaYal

A Nnnn

ila

15

20

112

lPHIS*EMP2S) 2DSINHIGHN) )
TDdZ:UH*D;INH(8H)+TDZ*GH*DSINH(GMJ
X1=8M*USINH(BM) /(BMS+ENFS)
xe=6H¥ToztDSINH(GM)/(GNS+ENP5)
xx=2tDCOS(tNP)*tMPZ*IXI+x2J/TDz2
XI=(EHPZS—UFIS¥8MSJ*BH*DSINH(BM)/(8H5+ENPS)
x2=(EHP25—uFIStGHS)tTDZ*GH#DSlNH(GMJ/(GMS+ENPS)
XKLSE*DSIN(EHPZJ*DCOS[ENPJ*(x1+12)/TD22

IF (UN.GT.0.0) GO TQ 14

AX=XX/2

AX1l=xx1/2
A((MflJIE.(MflJ/2)=({UFS¥EMP25-BMS)*OCDSH(BMJ+T02*(UFS*EMPZS-
1GM3}*DCOSHIGM) } /TD22 ’
AlN23K , (M+1 ) /2)=XX

AN+ o (M+1) /2)=xX]

GJd 10 20
702=(aHt(BMS—POIStPHISttMpszJ*{—1}/[GH*(GMS-PUIS*PHIS*EMP25))
TOL2=BM+TD2 *xGM

X1=BM/{EMS+ENPS)

X2=GN*TD2/( GMS+ENP3)

XX=Z2#D0CCS{ENP) *EMP2#$(X1+X2)/T122
X1=(EMP2S—UF IS*EMS) %8M/ ( M3 +ENPS )
xd:(Eupzs-uFIStGHS)*TDz*GM/(uMS+ENPSJ
xxz:z*DSIN(EHPE)*DCDS(ENP)#(x1+x4)/T02a

iF {(JUNaGTeUuaL0) GG TC 1w

XX=XX/2

XX1=XxX1/2
A((M+1)/2.(H+1)/2J=((UFS¥EMP25—5MS)+702*(uFStEnpas—beJ)/TDZZ
Gd TO 14 )

CONTINUE

CALL DETEKM (A.1.DET) -

PRINT1 10.ALMDS, DET

FORMATI(®* '.'ALMDS='.F10-4.10x.’0tT='.DZO.SJ

IF (ALMDSLTDLIM) GO TO 1

STQP .

ENO

SUBRJUTINE DETERM {A.N+DET)

IMPLICIT REAL*8(A-H0-Z . .

CIMENSION A[45,45)

SIGN=1.

LAST=N-1

START OVERALL LogP FUR(N—l).PIVOTS

b0 200 I=1.LAST

FIND THE LARGEST REMAINING TERM IN 1-TH COLUMN FOR PIVOT
8IG=0.

- DO 50 K=1,.,N

30
50

TERM=CABS(A(K,1))

iF (TERM-BIG)S0,50, 30
SIG=TERM

L=K

CONT INVE

CHECK whETHER A NON-ZEKG TERM HAS BEEN FOUND
IF (816)80,60,80
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L—TH RJw HAS THE BIGGEST TERM====15 I=L
1F (I-L)}90,120,90

1 15 NOT EQUAL TU L .SWITCH RUWS 1 AND L
S1SN=-SIGN

DO 100 J=1.N

TEMP=AL]L .J)

Allsd)=A(LsJ)

A(LeJ)=TEMP

NOW START PI1VOTAL REDUCTICN

PIVOT=A(1,1)
NEXTR=1+1

FOrR EACH OF THE ROWS AFTER THE 1-TH
JO 200 J=ENEXTR.N

NJLTIPLYING CONSTANT FUK THE J-TH RUW 1S
CONST=A(JeI)/PIVGT '
NJes REVDUCE EACH TERM OF The J-TH ROW

CS 200 K=I.N
ALS2KISACI K I-CONST*AL I +K)

ENU UF PIVOTAL REDUCTIUN—=-=-NUw CUMPUTE DETERMINANT
DET=SIGN - :

CO 300 I=1,N . ,
DET=DET*A(I +1) .

GU TG 61 ) N
VET=0a ' . '
RETURN P :
END .
. .\
P ) | o .
l\ ‘o - ! : . " .
._‘" T : | B " ' -
. . . | ‘ T
- - U . N [} .
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K

"PHIR
ALMDS
KS

POI

THIS IS5 A SYMMETKI
TANGULAR CANTILEVER PLATE

;352_

PROGRAM 2

AS DEFINED IN PRLGRAM 1a
2B/A FULL PLATE ASPECT RATI1Q.
EIGENVALUZ o

NUMOER UF POINTS AT wihlCH THE LI1SPLACS-
MENT w 15 REQUIRED

POISSCN'S RATIG. .
cccCccccccccccgccccccccccCccccpccc;ccccccccccccccccccccccccccctccccgcc

IMPLICIT REAL®*B8(A-H,0-Z)

CUMMCN 22.,PHI
{4

DIMEASION A

»PlsPH1S,POL,POLS s PHIN. PHINS,
5:45)

K=?e2222222222222227222772
KS=227222222222222222227

22=3600

PHIR=222227272222232272272227
ALMOUS=222722222222222227

PHI=FHIR/2

PRINTS50,PHIR 3K

S50 FCRMAT(s1+,
Kl=2#%K-1
C=1le. ’
Fl=4 . *CATAN
Pl 3=PHI*PH

'pHIR='|F5.49101n'K="15’

(C)
1

FUL=?2222222222%2222722277

POIS=2-Pul
PRIN=1+/PHI1

PAINS=PHIN*PHIN

UES=PCI®PH]
UF 1 S=PO1*PH
[=3%K

1 CONT INUE

INITIALIZE

(aXalal

0O 2 M=1,1
IJd 2 N=l,.1
A{Man)=0.0
2  CONTINUE

S
INS

THE MATRIX A

i

FR:L-VﬁﬁRATlUN PROSLEM,

CCCCCCCCCCCCCCCCCCCCCCCCCCLCCCCCCCCCCCCCCCCCCCLCCCCCCCCCCCCLCCCCCCCCCCC

C
C
C
C MODE SHAPE PRUGRAM FUR THE REC- C
C
. N C
CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCC

CCCCCLCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCLCC
C
JUSAGE : THE FULLOUWING VARIABLES MUST BE PROVIDZD;

C
C
C
C
C
C
C
C
C
C
C
c
C
c

UFSsUF13+sALMUS K 3sK1,KS
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SO 3 N=1,.K
A(NTZ2IK N+2%K)=~-1
DO 10 M=]1,Kl.:2
00 190 N=1l.K
JN=N=-1
CMP2=M¥Pl/2 .
EMPZS=EMPZ®EMP2 S - -
ENP=JN*P1 o .
ENPS=ENP*ENP - RN
BNS={1+./PHIS)I*®{ ENPXENP+AL MDS®PHIS)

EN=DSQRT(BNS) ‘

X1=ALNMOSE*PHIS-ENPXEKNP

IF (X1.LT«0.0) GC TC 5

GNS=(1./PHIS)®X]

GN=USGORTI(GNS)

XFPLlIS*«PHINS*ENPS

TOLI=(BN*®{IBNS— x)*DCO*H(BNJ)/(Gut(uNs+xJ*DCUS(GN))

TolP= DCOSH(BNJ/DCU:{uN)

X=JF 1 S¥ENPS

TOolln= BN*DCUSH(BN)+TDI*GN*DCO$(uN)
TO11P=SN*%DSINHI(BNI+GNEXTO1P2DSIN{ GN)

IF (MeoTela0) GO Tu 4

A(NFK s NHKI= ((UF I SEENPS—BNS) #DSINA(BN) + TDI*(UFIS*zNPb+GNS)*
1053IN(GNYI/ZTOLLIN .

A{NT2*K JN+KI={BN+TOLI*OLGNI/TODLIN

AINFRK o N#Z2EK)I={ X2 {]1=-TDIP }=EONS-GNS:TDIPI/TD11P

X1=( (ENPS-UF S*BNS)/ (BN>+EMP25) ) #*8BN*DCLSH(BN)
X2=(TOl*(ENPS+UFSEGAS)I/ (GNS—EMP25) ) *GNE*DCOS(GN)
XX=(UCOS(ENP)*DSINI{EMP2)/TD1INI®(X1-X2}

ALIM+L )7L NEK)I=XXE2 L0
xl—((:NPb—UFb*BNSJ/{BNb+EMP25))*DCU:H(BN)

X2=( TD1P*(ENPS+UFS*ONS) /Z{ GNS—EMP25) )} sDCOS{LN)
"AX=280CCS{ENP) ®*EMP22(X1+X2)/TD11P

Al{M+1I/2,N+28K )I=XX

GO 70 10
Xl==X1

GNS=(lesPHISI®X]

- GN=DSCRT(GNS)

‘X=POLS*PHINS®ENPS ' ‘

IF (ENS«LT.Z2) GO TO o6

TO2=ON${BNS=X) / { GN® { X~ bhb)) “

X=JF IS*ENPS5

TO222F=8N-GN

TOZ22N=BN+TD2*GN

IFfF (MauTela0) GO TO 7
A(N+K.N+KJ—(X-BN5+TDZ#(x-uNb))/T022N
A{NFT2%K s N¥K ) =0 o0

_A(N*KUN“'Z*KJ—0.0 )

wu TLoT7
TJZ—IUN*(BNS—X)tDLUSH(dN))/(uN'(x—bNS}tDCDbH(GN))
TD2P=DCCSHLBN)/DCO3H{GNY

X=UF L S*ENPS ~
TO22F=SN$DSINH{BN)-GN*TD2P* S INH(GN)
TOZ22N=BN*DCOSH{BNJ}+TD2*GN*DCUSH{ GN)
IF (M.6Tel=0) GO Tu 8
A(N+K.N+K)‘(fX—BhS)IDSIhh(dN)+TD£¥{X GNb)ro INH(GN) )/TD22N
Al NT25K JN+K)=(BN+TO25GNI/TD 22N
AUNF¥K sN+2FK IS {UF IS*ENPS*( 1-TO2P) - 5N5+GNS¥TOZ J/TL22P

wJd TG o
X1=( (ENPS~UF SXBNS)/ (SNS+EMP2S) deaN . o |
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11

12
13

x2=((ENPS—UFS:GNSJ/(GNSfﬁupszJtGN *TD2
xx:(OCOS(tNP)tDSIN{EMPEJ/TDZZN3*(K1+XZJ

A(IM+1I/2,N+KI=XX®2 0 o

X1={CNPS—UF S*BNS)/( ENS+EMP2S) : e
X2=(ENPS-UF SAGNS)/( GNS+EMP2S) - :
xx=2tDCOS(ENPJ*EHP&*(XL—XE)/TU&ZP.
ALIMIII/2,N+2%K }=XX )

Gd TO 10 : . ;
X1=((ENPS—UFS*BNS)/(BNS*EMPZS))*SN*DCOSH(dNJ- .
x2=((ENPS—UFS*GNSJ/(GNS+EHP25)J*GN*DCOSH(GNJ#TD&
XX=(DCUS(ENPJtDS:N(&MP2)/T02dN)¢(x1+X2) L :
A(IM+1) /2, N+K)=XX%2 .0 -
x1=((ENPS—UFS#BNSJ/(8NS+:MP2$))*DCUbH(BNJ
x2=(TD&P*(&NPS-UFS#GNSJ/(GNS#EMPZSJ)!DCOSh(GNJ -
xx:d'DCCS(ENP)*EHPZ*(XI-X&)/T022P, ) . T
ALIM+L) /e NH2%K )=XX .

CONT INUE

S0 22 N=1,K )

JJd 20 M=1,K1 o2 A vt
JNSN~1 ‘ :
ENP=N*P] : S .
ENPS=ENPSENP . -
EMF’2=N-‘pI/2u

EMP2E=EMP2REMP2
BMS:PHIS#(ALMDS+EMP&SJ
SM=DSCRTL{BMS) ™
X1=ALMOS—-EMP2S

IF(X1.LT<0.0) GU TO 13
GM3=PHIS*Xx1 :
GM=DSCRT{(GMS) T :
IDI=(BH*(EMSfPOIS*PHIS*EHPdS)'DSINH(BMJ)/(bM#(0M5+POIS*PH15¥EMPZS)
1 *¥3SIN {GM)) - .- _

TOI=TO1%(-1) . - : L
_TJI1=dM*DSlNH(BHJ-TDl*GM*DSINHLGHJ . .

XX - . _—=((aM;051NH(aM))/LuMerNPs)+701:5M4031N(uM)/(GMS—
1 iNP&)J*2*&HP2{DCQS(ENP)/TDL1 ;

IF (JNaGTa0.0) GG TO .11 L

XX=XX/2 - . - ' -

Aiu+2*x.£n+x)/gi=xx o . T
XIS (EMPZS-UFL S BMS)/(dM5+ENP$))*BM*DCUS(&NPJ‘DSINH(BMJ o
xz:t(Empas+UF1S;GMS)/(QMSTENPSJ}:bMtDCQS(ENP)*DSIN(GM)*TDl
XAZ(X2+X1)%2*DSIN(EMNMP2) /TD1 1" o :

AF {JINaGT-040) GU TO 12 a - -

XX=XX/2 . ‘ - T . .
A((H+1)/2-(M+lJ/2)=((UFS*EMst—bMSJ*DCOSH(BHJ+TDl*(
leSl&MPZStGMSF*DCOS(GMJ)/TDll . ..

ALNEK S (M+1)./2)=XxX ' :

GJ TQ 20 o ‘ -
Xl=-x1 . ‘ '
GMS=PHIS*X1

SM=DSCRTIGMS)" - .

IF (EMS.GT.22) GG TC 1> . ’
702=(BH*(bMS~POIS*PHIStEMP¢S)toSlNH(BMJ)*T—IJIIGMOLUMS—Pcisl—I
LAHIS*EMP2S) ¥ DSINH(GM) ) | )
-TDZZ:BH‘DSINH(BM)+TCZ¢GM*DSINH(GM
xl=aM¢OSINH(EH)/(BMS+ENPS) : ) .
XZ=GMETD2*DSINH(GM) /( GMS+ENPS) =" NG
xx:z*ECOS(ENPJ*EMPdt(xI+x2J/T022
x1=(EnP25-uF15suMS)th:DSINﬁ(uHJ/(BMS+ENP$)
xzzctnpzs—uEIS#GMb)aruzacuvos:NH(GM)/(GM5+ENPSJ , -
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XX1=28DSINIEMPI2)*$OCOSI(ENPI®(X1+X2)/TD22
IF (JN.GT.0.0) GO TC 14
XXz=X X772
AX1I=XX1/2
ALIN+L)/72,{M+1 ) /2)={{UFS*CMP25-BMS) #DCOSHIBM)+TD2*{ UFS*EMP2S—
LGNS )«DCDSHIGM) ) /TD22
14 A(N+2#K{M+1)/2)=XX
A(N+K-(M+1J/Z)=xx1
-G8 TC 20
15 TLZ2= (dM*(BMS*POlb*PHlStEMPEb)J*(*1)/(6“*(GMS POIS‘FHIS*LMPZSJ]
TO22=BM+TDZ*GM ‘
X1=3M/(BMS+ENPS) - P
X2=GM*TD2/({ GMSH+ENPS) L
XX=2%DCOSILENP)*EMPL* (X1 4+X2)/TD22
X1=(EMP2S~UF IS*BMS) *BM,  ( BMS+ENPS )
- R2=(EMP2S—UF IS*GMS) *TDZ2*GN/{GMSH+ENPS )
XX1=2#¥DSIN(EMPZ)*DCUS(ENPI*(X14+X2}/TD22
IF (UN.GT.0+0) GO TO 14
XX=XX/2
XX1=xX1/2
A((M+1]/2-(M+1)/2J=((UFS¥:Hde GMSJ+TDZ¥(UFS*:MPZS—GMS))/Tozz
GO TQO 14
20 CONTINUE P
) CALL ULVETERM (AsI1,LET)
FRINTZ2S
25 FORMAT(*1*,*END*)
STAOP
END
SUDROUTINE DETERM (AJ/NsDET)
IMPLICIT REAL*B({A-H,.,0=-Z)
DIMENSION A{4504S5) s X(45),EM{45) +EN(45S) EPL4S)
CEIGh=1a —
M=N=-1 .
LAST=M-1" .

STARKT OVERALL LGOP FUK(N—1) PLVOTS

CJ 200 I1=14LAST .
FIND THE LARGEST REMALINING TERM IN 1-TH COLUMN FOR PLVOT

Bl =0«
00 S0 K=1lsM
TERM=CAHS(A(Ks12})
1F (TERM—BIG)50-bU-JO
30 Blo=TERM
L=K
50 CONTINUJUE

CHECK WHETHER A NON-ZERG TERM HAS BEEN FOUND "

1IF (EIG)B0+5650,80 '

L=THd hUw HAS THE BIGGEST TZhM———-1S I=L
80 IF (1-L}904120+90 : X k
I IS NOT EQUAL TO L.SWITCH RUwS I AND L “ 3, e
YO0 T3 190 J=1.N , | ' )

S
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TEMP=A(I,J) . o Sl
'A‘I'J)=A‘L|JJ - "

100 A(L+JI=TEMP
NJs START PIVOTAL REDUCTION

120 PIVAT=A(1.1)
NEXTR=I+1

€UrR EACH OF THE ROWS AFTER THE I-TH

DU 200 J=NEXTR,M T |
MULTIPLYING CONSTANT FuUR THE J—TH'RbHuIS
CONST=A(J+1)/PIVOT _ .
. NOW REDUCE EACH TERM OF THE J-TH ROUW -

DO 200 K=1,N
200 A(JsKIZALI.K)- CGNST*A(I.KJ

:ND CF PIVUTAL RECJCTION—=~ PERFURM LACK SUBSTITUTIUN

M=N=1
vd 500 I=1.M

IREV I35 THE BACKWARD INDEXs vOLlNG FROM M BACK TU 1
IREV=M+]1—]
GET Y(IREV) 1IN PREPARATIUN

Y=AUIREV,N) : .
IF {IREV-MJ} 400,500,409 | _ . ) )

NOT WCRKING CN LAST ‘ROs»l IS 2 DR GREATER
400’ DJ 450 452.1

20K dALKhARD FDR XAIN} s X(N=1)~-=-—=5UBSTITUTING PREVIUUSLY
FOUND VALUES
K=N+1-J .

45 y= Y—A(IR:V.K)tx(KJ

FINALLY sCUMPUTE X(IREV)
500 X(IReVI=Y/ALIREV,.1REV).
FINO AND PRINT EMJ.EN,AND EP .

“=N/3 : ' : .
00 550 I=1,L _ T - . 3 .
= fti 1 , , :
K= 1 ’ . ' * »

T EMCJI=X(]) ' by S

i oreN(JI=X(1+L) ' . oo

IF(!.EQeL) GG TO S40 . . , o e
EPLJ)I=X(I+25L) ! L o ) e



T6d TG S50 : .
540 EP(J)=1l. ,

550 PRINTOO00sJeKKsds tM(J).K-EN(JJ.K.EP(J) .
bOO FURHAT('—.--Mz'O 2.5)&.'!‘\ .L?.SX.'P='.I&.1CX.'&.M('.EZ.') =%3D14.5
1alUXe"ENL* 3 120%) =% 3014540 10X,%EP(*412,%) =0 1014245) .

CJd 0dl 1I=1.L T ' .
J=2*]=]
EN(1)=EN(J)
- ERP(L)=EPLJY)
00l CUNTINUL
PRINT €50 : ‘
€20 FORMAT(®*1%,*'THE SYMMCZTRIC MAUOE SHAP; ODATA AR::'////}
CALL SHAPL (EM,LNL,EP)
60 RETURNM
END
SJBROUTINE SHAPE {:HDEN-CP,
IMPLICIT REAL*EBLA-HU~2)
CCMMUN Z2,PHI1.P1L PHI:.POI.Pulb.PHIN PHLNJ.UFS.uFquALMDS.h-Kl-Kb
CIMENSION wWl(21l. 21).ugtgl.dl).hdtzl.Zl).wtdl.dl) EM{45) sEN(ES) .
1EP(4QZ) . .
K31=K5+1
ETA=0.0
00 ©3530 1I=1.,K51
P31I=J.0 T
Q3 €40 J=1,KS1
rll1=0.0
w22=0.0
w33=0.0
00 620 N=1,K
JR=N=-1 . .
ENP=JN2P] , a -
' 2NPS=ENPRENP - o
BNS={1/PHIS)*( ENP* ENP+ALMDS®*PHEIS) "
BN=DSCRT(BNS)
X1 =ALMOSEPHIS-ENP®ZNP .
IF (XlelTaUaeCl) GU TO w06
aNs=({la/PHIS})® X1 : . )
GN=DSURTIGNS) . -
X=PULIS*PHINS®cNPS
TJl-(dN*(dNb—X)*DCObH(BN))/(uN*(GNS+X)*DCUS(bNJ’
1021P=0CUSHEBN) Z/DCUS (OGN
X=JF 1 S*ENPS -
TOLIN=SN*DCLSH{ BN)+TU1*OGN®*DCUS( OGN
TDlIF—dN*DblNH(dN)+0N*TDlP¥DSlN(GNJ
IF (£TA.EQaQe0) GO Tu 601
IF (ENP.EQ.0.0) GU TU o0l
AX=0CLCS{ENF=®ETA) ’
GD T8 602 . : :
Lul lF (Fal EQ+J.0) GO TU 004 .
. XW2= EhtNJ*(DbLNH(dN*P;I)+TDl*ublN(uNtPaIi)vxx/TDllN
iF (FSleCQela0) GU TU 003
] K& 3= :F(N}‘(DCDSH(BN*(I -P51))- TDIP*DCUS(UN*(I PSIJJ)*XX/TDLIP
i cgd TC 617
a3 Xw3= cP(N)*{l-TDIPJ4XX/T311P
) 60 TO €17 ,
604 . xd2=0.0
Xw3= :P(N)*(DCUSHfaiJ TDlP*DCUa(bNJ)*XX/TDlIP.
S0 TG 617 . . N
0606 Xl=-=x1 ’

il



007
101

609
10

612

613
bl4g

bls
b6l
ol?

620

/
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GN3=(le/PHIS)®X]

GN=05CRT(GNS) )

X=POLS*PHINS*ENPS

1F {(BNS.GT.22) GG .TC 612 .
TDZ=(BN¥(BNS—X)*DCOSH(BN))/(GN*(X—GNS)‘DCUSH(GN)J
TDZP=DCCSHL3N)/DCDSH(GNJ
TOZEP=BN¢DSINH(BNJ—GN*TD298051NH(0N)
TDZZN=BN*UCUSH(BN)*TDZ*GN#DCOSH(GN)

IfF (ETA.EG.0.0) GO 10 &6u7

AF (ENP.EL.0.0) GC Tu 07

AX=0COS(ENP+ETA) .

«d TG 608 .

XX=1a0 :

IF (PSI+.EQ.0.0) GU 7Tu 610 .
Xi£=EN(N)*(DSiNH(dN‘PSIJ+TD&*USINH(GN*PS!)J*XX/7022N -
"lF (PS1.EQ.1.0) GO Tu 609 .

XH3=EP(N)*IDCOSH(BN*(l—PSIJ)—TDZP*DCOSHIQN¥(1~PSIJ)J*XX/TDZEP

SU TC $17
Xl3=dP(h)¢(I—TOZPJ*XX/TDZBP

oJd TQO 617

XH2=0.0 ) - -
XdJ=EP(NJ¥(DCUSH(dN)—TDZp¥UCU5H(GN)J*XX/TDEEP

wd TG 617 . .
Tth=dN*(bNS*POIb*PhINS*ENPS)/{GN*(PUIb*PHINS*tNPb-GNﬁ))"
IF{ETAEQeD.0) 60 TG 13 :

IF {(ENP.EQ.0.0) GU Tu 613

XX=DCASLENP*ETA)

Gy TC 614 -

AX=]1 e ) ’ N

IF (PSIOEQQO-O) GO Tu 6le <
_B=1 « 0 . . ' . ’
TEST=BN-BNxPS] .
IF (TEST aGT 6043 B=0.0
X12=fEN(N)¥(DEXP((BN*PSI—BN)*BJ+TDZN*DEXP((GN*PSI-bN)*BJJ*XX/
L(BN+TO2NSGN ) J#B -

1F (PSlasEUWela0) GU Tu 615 )
TEST=8BNxPs5]

IF (TEST.GT.60.3) GU TO 615
de:EP(N)‘(DEXP(-BN*PSI)—DEKP(-GN*pSI)J*XX/(BN—GNJ

GO 1T0-617 - : ‘

XW3=0.0 '

oJ TO 617

'X.IZ=O-0

Xd3=Ja0 -

nZ{l s J)=n2Z22+Xn2 . _

301 +J)=wiS+XW3 ) t
w22=a2(1,J) ’ -
G33=H3(I|JJ .

CCNTINUE -

od 630 M=1.K1,2 —

EMP2=M*P /2, :

EVMP2S=EMP2RcMP 2 . .

CMO=PHIS*( ALMOS+EMP 25) - ‘

EM=D35URT{(EMS) .

XLl=ALMOS—-EMP2S .

IF {X1.LT+0.0) GO TG 623

wM3=PHIS*X]1

* GM=DS5GRT {uMS) N T -
TDI=(dﬂ¥(dMS—PGJS‘PHIb*hHPZS)*USINH(BM)J/(GH*(GMS+PUIS*PHIS‘EMPZS)

I =0S5IN (GM))

U
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622
623

824

62>

627
€23

€30
635

640
650
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TO1=TD1%*{—-1) . -
TO11=BMExDSINH{ BMI-TD1 *GMADSINHIGM)

IF (PS1.EQ.Q0.0) GO 70 622

IF(ETA.EQaD0.0) GU TO 621

Xal= :H(M)*(DCDSH(BM*ETA)+TDl*uCOS(bM*:TAJ)*DSIN(tHPZthlJ/TDll
GO TG 629

Xwl= EM(M)*(1+TDl)*DblN{hMP&*PbIJ/TDl1

GO TG 629

Xwl=D.C

GJ TO 625

Xl==-X1

OMS=PHIS*X]

GM=DSCURTIGMS)

IF (BMS.GT.Z2) GO TL ©25

TO2=(GM* (BMS—PO1S*PHLS*EMP2S)*DS INHI BM) ) / (GM* [GMS—PO1S*PHI 3*EMP25)

1 *¥DSLANH{(GM]))

To2=TL2%(-1)

TIZ22=3M*DSINH(BMI+TD2*CM*DIINH{GM)

If (PS1.EQ.040) GD TOL 22

IF (ETA.EGQ.Q.0) GO TO 624
Xll—:M(HJ*(DCDSH(BH*:TAJ+TOZ*DCU:H(th;TAJ)*DSIN(:MP&*PbIJlTD22
23 Ta 629

Xwl= :H(M)¥(1+TDZJ*DSIN(:MP&*PSIJ/TD22

a0 Ta &29

FO2M=OM#{POUIS*PHIS*EMP2S5— dMS)/(bM‘(uMb-PDlS#PHlS*:MPASJ)

IF (PS5]1EQ.0.0) GO TO w7
IF (CTALEQ.0.0) GU .TU 627
TEST=8M—BM*ETA )

IF (TESTGT «00.) GO TU 647
Xal=EMIMI*{DEXP{(EM*ETA~ BMJ+TU£M*DEXP(bM*LTA-bH})*DSIN(:MPE'PSI}/

1L{3M+TD2M*GM)

GL TC 629 = _ ¥
Xal=0.0
al{lsJdl=Xul+wnll
wll=wl(lsJ)
CONT INJE i .
wlls+di= WI(I'JJ'O'KE(IQJ)"EJ(-['J) B )
PRINT 635,PS51., ETA-I-J-.I(I-JJ-l-J-NZ(I J)-1-Jpl3(1.J)-1|Jd!(1nJ,
FORMAT{?=*,'PS] =* ,FSa3+4Xs*'ETA =",F5a. .5.‘”&.'-1.('.12..'.‘.12.'1 =,
1012538 Xs'02(* 2i2e%s"2]12,°) =* 301205041{-‘“3('.IZ.'.foIZD') =,
LOl2eS33X "W {?312:%%:12e%) =*,D12.3)
T O P3I=FS1+1.0/DFLOATIKS) :
SCONTINUE R ‘ : i "
ETA=ETA+]1.0/DFLUAT(KS) . .
CONT INUE . : . ,

RETURN . ‘ . / -
END _ ;R : e z
~ . . r X - ‘ .‘ . .

. & ;
- . g - E
/ ) S * !
“" . -~ . . . " .
T %ﬁ> éﬁ‘ :Lj-f . N

*
L g
HEINT LIS AN
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C

C

CCCCCCCLCCCCCCCCCCCCCCCCCCCCCLCCLCCCCCCCCCCCLCCCCCCCCCCLCCCCCCCCCCCCCCCC

C

< PROGRAM 3 C

C C

I'd THIS 1S AN ANTISYMMETRIC MUDE EIGENVALUE SEARCH C

C . PROGRAM FOR THE RECTANGUL AR CANTILEVER PLATE FKEE VIBRATIUN C

C PRUSLEM, C

C C

CCCCCLCCCCCCCCCCCCCCCCCCCCCCCCCCCCCLCCCCCCCCCCCCCCCCCCCCCCCCCCCCCLCCCCCC

C . .

C

CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCLCCCCCCCCCCCCCCCCCCCCCCCCCCCCC

C ' ‘ 5 C

C USAGE 2 THE FULLOWLNG VARIABLES MUsT BE PRUVIDED: C

C . : . c

C le— K = THE NUMBER UF TEZRMS TG BE USED IN THE C

C _BEKIES INVOLVYED.. FOR 5 DIWITS ACCURACY C

C : JSE K = 10. C

C . ‘ C

C Ze— PHIR = 2B/As IS5 THE FuULL PLATE ASPYCT RAT10. C

C ‘ C

C , Se~ ALMDS = AN INITI1AL STARTING VALUE FOR THE El1GEN- d

< " VALUE SEAKCH C

C . C

C 4e— DLIM = A FINISHING OR ELGENVALUE SEARCH ENDING C

C LIMIT. IT INSTRUCTS THE CJUMPUTER wWhHEN TU C

.C HALT EXECUTILUNS . C

< . . : C

< S.— DEL = clGENVALUC INCREMENT. i C

C . C

C Ge~ PO1 = PUISSEN*S> RATID. C

c . . . * . . C

CCLCCCCLCCCCCCCLCCCCCCCCCCCCCCCCCCCLCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCLCC

C. . . -

C ) . . ' \
IMPLICIT REAL¥BLA=-H U~Z) . ERRN
JIMENSICN A(45445) . ' ) . " o
K=2222222222222227272¢2272 -

K2=23K : »
Ki=28K~1 : T ‘ .
22=2600 : -

PHIR=222222222272222227272

PHI=FHIK/2a

PRINTSOsPHIR K - )
FURMAT(%1% 4 *PHIR=Y4sF844, 10X K=" ,15) _ '
C=1le. ’ .

PI=q4.30ATAN(C)

PHLS=PHI%PH1

FOL=22227222?2272772227222 . . .

PUIS=2-PUI . :

PHIN=1./PHL . -

PAINS=PHIN*FPRIN :

UFS=FLI®PHIS

uF 1S=POI*PHINS _— . :
I=3sK * / . . .. : »
ALMDE=2222222222222222272 S _
OEL=222222272722222222222 : ' 3
OLIN=222772722222222722227 o , bid
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CGNT INUE ' )
INLTIALIZE THE MATRIX TGO 0.0 '

00 2 M=1,1

Q20 < N=lel . .
A(MNI=C .0 .o / "
0C 10 M=1,Kl,.2 -

DU 10 K=1,Kl1.2

CMP2=NM¥%Pl /2.

EMPZ2S-EMPZesEMP2

ENP2=N*P1 /2.

ENP2S=ZENPZ2XENP2 °
8NS=PHINS*(ENPZS+ALNOS*PHIS)

SN=DSCRT {BNS)

X1=ALMDS*PHIS=ENP2S *

IF ‘xICLTOODO, GO Tg a

UNO=FHINS%®X]

Gh=DSCRTIGNS)
701N=GN¥DCOS(GN)*(uNb+ENPZb*PUIStPHINSJI(BN*DCDSH(BNJ*(BNS-ENP2$*
lLFAQIS*PHINS) ) . :
TOLIN=BNETDIN*DCCSHIEBN) +GN*OCUS { GNJ -
TO1P=0COSH(BN}/Z0DCUS (GN) .
TJl1F=8h*DSIthdN)+GN*DSIN(GNJ*TDLP

IF (MeGTWlald GO TO 3
A((N+1)/2+K2.{N+1)/2+K)=(T01N¥BN+GN)/TDIlN o -
A((N+11/2+K-(N+1)/2+K1=((UFlStEszs—BNS)*TDIN*DSINH(BN)+(UFIS
L*ENPESHGNSI*DSINI(GNILI/TDLIN
A((N+IJ/2+K-(N+1J/2+K2)=(uFIS¥ENPdS¥(I-TDIP)—UNb—TDXP¥uNb)/TDllP
x1=((thzs—UFStBNSJ/(dNb+EMPdSJ)vTDlN‘BNtDCUSH(BN)
x2=((ENP25+UFS#GNS)/(GNS—EMPZS)J*GN*DCUS(QN)
xx=2¢BSIN(EMP2)*DSIh(ENPZ)*(X1-x2)/TDLIN
ALIMN+L1)/2(N+1}/2¢K)=XX
x1=((ENst—UFS*BNS)/(dN5+EMP25JJ*DCOSH(BNJ
A2=((ENPZS+UFS*GNS)/(vNS—EMPZS))*TDIP#DCUS(GN)
AX=2#DSINIENP2 ) $EMPLE(X1+X2)/TD11P

A(IMA 1) /2 0 (N+1 ) /724K 2)=XX

od TC 10 )
Xl==Xx1 .

GN3=FHINS*®X ]

GA=DSCRTIGNS)

IF (B8NS LT.2Z2) GO TC &
T92N=GN¥(P01btPHlNattNPZS-GNbJ/IuN*(ch—PulstleNstiNPZS))
TO22N=TDZ2N*BN+GN

TD2P=1la

TI22F=BN-LNETD2P

IFF (M.GT.l) GU TO 5

A(INELIZZ2HK2 3 IN+1I/724K)=0.0

A((N+1)/2+K.lN+l)/2+K2)=O.u . :
A((N+IJ/2+KP(N+11/2+K)=((UFIb*Eszs—cNS)tT02N+UFl$¥ENPZS
I=-GNS)/TD22N . :
K1=((ENpéb—UFS¥ENS)I{uNS+EMPdSJJ*TD&N!BN

A2= L {LNPRS—UFSEGNS) /L GNSH+EMP2S } ) 306N
xx:z*DSIN(&MPZ)*DSIh(ENPZJ*(x1+XZJ/TDZEN
A({M+1)/23 (N+1 D /72+K )=XX

XK1= (ENPZS—UFS*EBNS)/ (BNS+EMP2S)

X2=( ENP25-UF S*GNS)/ (GNS+HEMP2S)
AX=2%0SINIENPRISEMP e { X1 -X2)/TO22P
ALIM+LI/72, IN*L ) /724K 2)=XX

« GJ TC 10
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702N=GNt(PC;S#PHINS*Eszs-uNS)*DCOSH(GNJ/(BN#(BNS—PDIS:PHINS*
LENP2S)*DCUSH{BN)) "
1022n=TDzN¥5hrDCOSH(BNJ+GhtDCDSH(GNJ

Taap=DC65H(BN)ICCUSH(GN)

TOZZP:dN*DSINH{BN)—GN#TDZP*DSINH(GNJ

iF (M.GT.1) GU T0 7 '
A((h+11/2+K2.(N+1)/2+K3=£T32Nt8n+cN)/T022N '
A((N*1)12+K-(N+IJ/2+KJ=I(uFIS*ENP2S—BNSJ*TDZN*DSINH(UN)+(UF15*
1ENP25-GNSJ)*DSINHIGN) )} /TD22N
A((N+1)/2+K.(N+l)/Z+K2)=(UFIS*ENPZS*(1—T02P)—dNS+TDZP*GNSJ/TD22P
x1=((ENPZS—UFS*BNS)/(BNS+EMP&51)tTDZN*BN#DCGSH(BN)
xz:((Eszs—UFS#GNSJ/{6N5+EMP25J)#GN*DCOSH{GN) :
xx:a*DSIN(EMpzj*OSIN(ENP2)*(X1+x21/TDZZN
K1=((ENP2S—UFS*bNS}/(BNS+EHP2$)J*DCOSH(5NJ
x2=({ENPZS—UFS*GNS}/(6NS+EMP£S)}*TDZP*DCGSH(ON)
xx=2*DSIN(tNPZ)tEMP2*(X1—X2)/TDZ£P

AL IMFLIIA2,UN+1 ) /724K 2)=XX - -

CONTINUE

.00 11 N=1,.K

A(NTK2 N+KZ2)=~1.

00 20 N=1.K1,.,2

u 20 M=1,.K1,2 ‘
ENP2=N*Pl /2.
ENP2S=ENPZ*ENP2
cEMP2=MxPLI/s2,
EMP25=cMP2EEMP2
ENS=PHIS*( ALMDS+EMP Z5)
AM=0SURT(BMS)
X1=ALMDS-EMP2S

IF (X1alLTa0.0) GO 7O 13
GMI=FHIS*X1

. GM=DSCRT(GLMS)

TJIH:GH*(GMS+EMPZS¥PDIS*PHISQ*DCOS(GM)/(BM*(BMS-EMP2S*

1POIS*PHIS)*DCUSHIBM) )

TAHLIM=OM*TO L M*DCOSH(SM) + GMEDCOS ( GM)
IF {N.GTa.1) GO -TQ 12 .
A((Nfl]/E.(M+1)/2J=((UFb*EMP25-8MS)*TDIH*DSINH(dM)f(UFS#

1cAP2S5+oMS) *DSINI(GM) )/TD1 1M

11=((EMPZS—UFIS¥BM5J/(BMS+5NPAS))¥TDIM¥5M‘DCUSH(BMJ °
xa:((tMPas+ubIS#GMSJ/(GMS—ENP&S))*Gn4ucus(sn)
xxzatcslN(cnpzjtUSIN(ENPZ)*(XL—XZ)/Tox1M
ALIN+LI/72+K , (M+1)/2)=XX

AL=TIIM*EBM*DCOSHIBMIZ{LMS+ENPZS )

X2=uoM*D3C05(GM)} / (GMS—-ENP2S) -

XA=2#EMP2XDSINIENPZIS{X1=X2)/TO1 1M

ALINFLI/Z24 K2 o (M+1)I/2)=xX

GJd TC 20

Xl==x1

GMa=PHIS*®X]

SNM=DSCRTIGMS)

IF (BM3«LT.Z2) GO TG 1>
TJ&H=GH*(POIS&PHIS*EMPZS—uMS)/(BM*(HM;-PUI&*PHIS*:MPZS)J
TO22M=TDZ2M*HM+LM

IF (KNe3Ta2ll) GC TU 14 )
A((M+11/2.(M+l)/2)=((UPS#EMPZ;-dMSJ*TUdM+(UFS#EMPBb—GHS))/TDZZM
x1=((EMP&S-UFIS*BMSJ/(GM&#ENP&S))¥T02M*BM
xz=((EMPZb-UFlSlGMSJ/(GMS+£NP£S))*GM
xx=£*DSIN{EHP2)*DSIN(&NPZJ#(x1+x2117022M
ALCNTYLII/Z2+K s (M#1)/2)=XxX
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X1=T02M*BM/ (EMS+ENP2ZS)
X2=GM/(GMS+ENP2S)
XxX= 2*:HP2#DSIN(ENP2)*(X1+an/T022H
ALIN+LI/24K2:(M+1)/72)=XX
GO TIC 20
13 TOZ2M=GM*(PUIS*PHIS*«EMP2S~ GMS)#DCOSH(GMJ/(&M*(BMS.PDIS*PHL&*
LEMP25)*DCUSH(BM) )
TOZZ2M=TOZM* M2 DCUSH{EM) +GMEDCOSHIGM )
IF {NGTal) GO TO 16
ACIN+LI/20{NM*]) ) /72)=((UFS*EMP2S— BMS)*TD&M#DSINH(BM)+(de*:MP2S-
1GMS ) PDSINHIGMI Y /TD22M
16 Xi1=({EMP25- UFIS*BHS)/(BH5+tNPdS))*TD&M*BH#DCU:H(&H)
X2=({EMP25-UF]l S2GM3)/{ GMS+ENP2S) Y *GM¥DCUSH(GM)
XX=2%DSIN(EMP2)SDSIN(ENP2)*(X1+X2)/TD22M 0,
ALIN+L1I/24K o (M*+1)/2)=XX )
X1=TIZ2M*M*DCOSHIBM)/{BMS+ENP2S5)
X2=OMEDCOSHIGM) FLGMSH+ENP2S)
XAZ22EMFPL*DSIN(ENP2)®{X1+X2)/TD22M
‘ A(INTL) /724K 24 M+2)/2)=0X
29 CONTINJE
CALLL CETERM [AL.I1.DCT)
PRINT 110.ALMDS.DET
110 FORMAT("® *,"ALMDS=" 4F 10 +%4+i0Xe"DT=2 ,D20e5)
AL MO S=ALMDS+DEL '
IF (ALMOS.LEWLDLIMY GU TO 1
- 3TapP .
END :
SUBROUTINE DETERM (AN.DET) .
- IMPLICIT REAL®B{A-H,U-2Z)
DIMZNSION AL(45,45) ‘ .
SIGN=1. . -7 - -
LAST=N-1 . N

START QVERALL.LOOP FOR(N=-1) PIVOTS

S8 230 1=1,LAST : . o : .
FIND THE LARGEST REMAINING TERM IN I-TH GULUMN FOR PIVOT

EaialaliNaYalal

dlw=0a" .

U0 S0 K=1lsN

TERM=DADSI AlXs1))

IF (TERM-':41G)50, 50.~0
39 Blo=TErRm

L=K
50 CUNTINUE

CHECK WHETHER A NON-ZERU TERM HAS BEEN FOUND
IF (816)80,60,80
L-TH ROW HAS THE BI'GUEST TERM~=~-—-—IS l=L

80 IF (1-L)v¥0e4120,90

[alalalNalalalNaYaYal

I 15 NUT EQUAL TOU L +SWITCH RUWS I AND L - : ‘ :

¥) SIGN==-351GN
00.100 J=1.+N
IEMP=A{1+J4)

. ¢ - -



Y alalNaYaYalNaYaYal [a¥aYa)

[aXal¥al

ACLed)=ACLsd) =

100 AL «JI=TEMP

120 PIVOT=ALl1.1)

299

300

o9
ol

N3ed START PIVUTAL REDUCTIUN

(5]

NEXTR=1+1 |
FOR EACH OF THE RUWS AFTER THE I-TH

230 200 J=NEXTR.N

MILTLPLYING CONSTANT FOR THE J-TH ROW IS
CUNST=A(J 1) /PIVOT ' .

NOW REDUCE EACH TERM UF ThE J-TH ROw

0U 200 K=I,N v
AlJ+KIZALI W KI-CONST*A(] ,KJ
A

END LF PIVUTAL REDJCTION-=-NOW CEMPUTE DETERMINANT

JdeT=S1uN

CQ 200 I=1.N )
QET=DZT*A(1,.1) .

GJd TC 61 : , T

oeT=Qe —
RETURN . - \
END. /
~—~ R ¥
- 5 hd
t‘-_
, - »
-4." e
o oo
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CCCCLCCCCCCCCCCCCCCCCCCCCCCLLLCCC;LCCCCCCCLLCCCCCLCCCCCC&CCCCCCLCCCLCCC

PrJGRAM &

C
_ c
' C
THLIS IS AN ANTISYMMETRIC MOOL SHAPE PRUGKAM FUk c
Tz RECTANGULAR CANTILECVER PLATE FREE VIBRATIUN PRUBLIM. C

C

C

dddaSidadagaddddadddadiddadydaaddduiadddddSdd A ddddaadaaiddddaddadddd

qadddedddddd4dddd o dddadadddddaddaddadaddadd el d i daddddatd i tdAd R dd A S d

UoAGE I THE FOLLCwWING VARIAGLES MUST Bt PROVIOED: E

le— K = AS DEFINEwW IN PRUGRAM 3. E

2ea= FHIR = Zb/A FJULL PLATE ASPECT RATIO. E

Se= ALMDS = EIGENVALUE . ‘ ' E

ba= K> = NUMbek UuF PULINT> AT wHICH ThHE D1SPLACE- E

MENT &« IS BEQUIRED. C

Le— PUI = PULISSCN'S RATID. é
LCLCCLLCCCCCCCCLCCCCCCCCCLCCCCCCCCCCLCCCCCCCCCCCCCCCCCLCLCCCCCCCCCCCLCE

IMPLICIT RKEAL*®*o{A-rH,0=-2L}
GIMENSICN A(4S5,45)
QMHUQZdﬂ”ﬂ-phpﬂﬁ)pUhPOHNPH“ipﬁ“buMMOSNMKIMD
K=4223V222202222232222 227
KS=22222222 2222222232227
K2=2#*K -~
Kl=2#K—1
22=2¢€00
PHlR=2222222722222222?22272
ALMUS=222222222222222227
FAL=PHIR/ca .
PRINTSO+ALR SPHIL oKy ALMUS
>J FURMATIS 1Y 3 2PH1R =* yF 824310 Xe*PHL =% JFS8ausliXe'K =% ,14,
11JX.U¢MD:=ﬂ.F9-4)
- PRINTGO
OJ. FURMAT(*—* , "THE VALUES GF EMyENAND EP AREY 4/ /77)
C=1la.
PI=4+%CATAN(C) .
Pl S=FHI*PHI -
FOQl=222222222227222222277
POLS=2-P0O! . o
PAlIN=1e/PHI ' . : ~
FALNS=PHIN®PHIN : .
WF3=FOT1*PhIS
JFIS=FO1#PHINS : .
v Iz 48K . . . '

INITIALLLE Thz MATRIX TC Q.0 i

Nnan

JJ 2 N=1.1



.-‘r‘

5

o

08 2 A=1,1
A{NNI=0.0
JU 10 M=1,Kl,2 -
DO 10 N=leKie2 ’ T
EMP2=M*Pl/2. , i o~
EMP2S=EMP2*EMP2 B
ENP2=N€PI/2.
ENP2S=CENP2*ENP2
ENS=PHINS®(ENP2S+AL MDS®PHI1S )
EN=DESCRTI(BNS)
X1=ALMDS*PHIS—-ENP2Z2S
IF; (X1.LT«.0.0) GO TO &
GN3I=ZPHINS®X]
GN=DSART(GNS)
TOLlN= GN*DCOS(GNJ'(GhS+=hP45*PUIS¥PHINb)/(BN*DCUbH(BNJ‘(BNb-:NP2b¥
1FJQIS3*+FHINS) )
TOolln= 5N¥701N¥DCGSH(8NJ+GN*DCUS(GN)
TO1P=DCCSHIBN)/DCUS{GN)
Tul1P-uN¢DSIhH(uN)+GN¢DSIN(GN)*TDlP
n((u+1)/2+x2 (N®1)/24K)={TDINXBN+GN) /TDL 1IN
ALINTL) /24K 3 IN*+1I/24K)I=S((UF IS2ENP2S~ BNS)*TDLN*D:INH(UN)+(UF15
L*ENP2S+ONS ) *DSINI(GNII/TDLIN :
ALINFL) /24K s IN+ L) /24K 2) = {UF ISTFENPI2S® ( 1~ =TDIP)=3NS- TDLP*GNSJ/TDIIP
Xl=({cNP25— Ubb#BNb)/(BNS+CMPZbJ)*TDIN*BN*DCO:H(BN)
X2=( {LNP25+UFS*GNS) 7 UNS— EMPZ2S5 ) ) *GN®DCOS (OGN}
AX=24DSINIEMPZ2 ) #DSINENP2)® (X1 ~XZ)}/TD11N
ACINM+L)I/20(N+1 ) /724K ) =XX
XL={ (ENP2S-UFS®ENS)} /{BNS+EHP2S) ) FDCUSHIBN)
x2= ((tNP&S+UFS*GN:)/(bNS—tMde)J*TDlP*DCOS(uh)
XX=28DSINIENP2)SEMP 2% (X1+X21/TD11P
AL(M+L)I/20IN+L)/24K2)=XX
oJ TG 10
XKl==-Xx1
aNS=FPHINS%*X]
GN=DSCRT(GNS)
IF (ENSLTZ2Z2) GO TC o »
TJZN—uN*(POIS*PHIN;*:Nde—uNb}/(ENt(BNS PUIS*PHINSF:NPZS)J
TI22N=TD2N*BN+GN
TO2P=1a
TOZ2F=BN-GN=TD2P
IF (MauTell GU TG 5
ALIN+LI/Z24+KZ2 o{N+1)/2+K)=0.0
AL{N+L) /24K o IN+L)/2+K2)=0.0
ALIN#L)/Z24K 4 IN+1)/72+K)= ((UFIS#ENP45—BNS)*T02N+UF1b¥ENP&b
1=GNS)}/TD22N
XKI={ (ENPZIS—UFS*BNS) Z/{ BNS+EMP25) ) *TD 2 N%BN
XK2=( (ENP2S-UFS®GNS) /L GNS+EMP25) ) xGN
XX=2%DSIN{EMP2)XCSIN{ENP2 )X (X1+X2)/7TDZ2N
AL(M+L)/2¢IN*1I /24K }=XX
X1={(ENP2S5—UF S*BNS)I/ (BNS+EMP2S)
X2=(ENP2S—UFSEGNS)/  {ONS+EMP25)
AX=2¥DS5IN(ENP2) *EMP 2% (X 1—- XZJ/TDZZP
ALCMAL)I/ /29 (N+1 ) /24K 2)=XX
GO 70 10 -,
TI2M= uN#IPDIb*PHINb*bNPZS—uij*DCO¢H(bN}/(BN*(8NS PUIS*PHINS*
LENPZ23)*DCLSHIBNY))
TO22N= TDZN*BN*OCCSH(cN)+GN¥DCUSH(GN) -
TIZP=SVOCUSHIBN) Z70COSF( GN)
TRZ22F= dN*DblNH(Eh)*CN*TU;P*D:lNH(GN)

[ S
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IF (M.GT.1) GO TU 7
ACINTLI/24+K20(N+1)I)/2+K)I={TONEBN+GN) /TO22N ' .
A({N+L) /724K o IN+1)/2+K)I=L{ UF I>%ENP2S-BNS)STD2N*#DUSINH{BN}+{UF1S*
ENP2S-GNS)*DBSINHIGNI)/TD22N
ALINFLI/2+K o {N+ 1) /2+K2)={UF IS*ENP2S2(1-TD2P )-BNS+TD2P*GNS) /TD22P
X1={ (ENP25—UFS*8NS) /(BNS+EMPZS) ) *TOZN*BN®DCOSH ! ON)
X2={ (ENP25-UFS*GNS) ZIGNS+EMP25) J*OGN3LCUSH(GN) i
XX=2#DSIN(EMP2) *DSIN(ENP2 }* (XL +X2)/TDZ2N , 7 o
AC(M+1) /2. (N+1 ) /724K )=XX _ '
X1={ {ENP2S-UFS%*BNS) /(BNS+EMP25) ) *DCISH(BN)
X2=( (ENP25-UFS*GNS)/Z{GNS+EMPES) ) *TDZ2P*DCOSHIGN)
XX=2%DSINIENP2 )SEMP2%(X1-X2)/TD22P
AL(MN+1)I/2.(N+1)/2+K2)=XX
TCCNT INUE
00 11 N=1.K
A(N+K2sN+KZ2}i=-1.
CO 20 N=1.K1,2
DO 2U M=1,Kl.2 _ :
ENP2=N*Pl/2a : . “
ENP2S=ENP2XENP2
SMP2=MEP1/2.
CMP2S=EMP2aEMP2
SM3=PHRIS®(ALMOS+EMP 25)
BEM=DSCRTI (BMS)
X1=ALMDS~-EMP2S -
IF (X1sL.Ta0a0) GG TC 13
GMo=PHIS®X1
GM=DSCRTI{GMS) -
TOLM= GM*(GM5+EMP25*PUIS'PHIS)tDCUS(bM)/(BM#(BMS —-EMP25%
1FQIS*PHIS)*DCOSHIBN)Y ) .
TO1LM=BM3ITDIMEDC L i (BM) +GM*DCLS{GM) ~
IF (N.GT=1) GO TUL .Z
A{{M+ 1) /2, ( M+ ) r2)= ((UFS*:MP&&“BMS)*TD M‘JSINH(UM}+(UF5*
1cMP2S4GMS)I*DSINI(GM) ) /TD1 1M
K1={(EMP2S5—UFl1 S*BMS )}/ (BMS+ENP25 ) JXTD 1 M:EM2xDCOSH{BM) f
X2={ {EMP2S+UFIS*GMS I/ ( bMS—ENP2S) ) *GM*DCOS(GMI -

=2*USIN(EMP2 ) SDSIN(ENP2)*(X1-X2)/TD11M- ‘ K

=

CACINFLYIZ24K s iM+ 13 /72)=XX

X2=GM*DCUS{GM) S {GMS-ENP2S )

XX=28EMP2ADSIN(ENP2)$(X1-X2)/TD1 1M _ , :
A((h+l)/2+ﬂd.(M+1)/2) XX . : 0
Gu TG 20 . - o
X1=—x1

AL=TOLMEcME=DCOSH{BMI/(BMS+HENRLS) y / | '

SMS=PHIS*X1 : _ _ :
GM=DSARTIGMS) : g
IF (BMS.LT.Z2) GO TG 15 -

" TO2M=GME(PUIS*PHIS*EMPZ2ZS— QHSJ/(BM*(BM;—PDIS*PHIS*EMPZS))

TOZ2N=TD2MEBM+GM

IF (N.GT«1) GU TO 14

ALLMF1) 725 (M+L ) /2)=((UF S*EMP2ZS—BMS) $TD2M+ (UFS SEMP2S— cms::xroaau

X1=(EMP2S~UFIS*BMS)/ (OMS+ENP25) JsTUZ2MEBM .

X2=( {EMP2S—UFIS$GMS )/ ( SMS+LNP25) J#6M - : -
=2#0SIN(EMP2)*DSIN(ENP2)*(X1+X2)/TD22M ° T

A(IN*L1) /724K s {M+1)/2)=X%XX :

X1=TO2H*EM/ (BMS+ENP 25) _ . *

<. R2=GF/IGMS+ENP2S) -

XX= Z‘EMPA*DSIN(ENP&)*(XI+X¢J/TD¢2M

*A((N+1)/Z¥n2.(u+1)/2,—xx ] : . .

wd TO 20 , : ’ ol -



ST "TERM=CABSIA(K+s1)) '

TR (3 (rhnn-axsbso.:o.ao )
30 Blu=TERM .

e Tl L=kt R - -

.. ,qso.cuuxlnus -

[}

L aTa s e la i aTala

S h. 0d 50 K= iau

s . -368- J

15 tozu-cuttpoxStPHIS¢EMst—GH51tDc05H(GM)/(snt(BMs -POIS*PHIS*
1EMP25)Y*DCOSHIBM) ) .
TDEEH~TDZH*BH#DCCSH{ﬁH)+GM¢DCUbH(GH) S~
HIF (NeaGTel) GU TO-16 ’

——

.waf} ALLNEL) /2, (M¥+1 ) /2)=((UFS*EMP25~ BMS)*TDEM*DSINH(BM)+(UFa*tMPZS-

- 1GMS)#OSINH{GM) )/TD22M
16 - x1= ((Eupzs—qusvaus:xtaus+s~pzSJJttOZMtunsocosu(an
T X2=L{EMP2S—UF1S*GMS )/ (GMS+ENP2S) ) *GM*DCOSH(GM ) - p
| XX=2#DSINCEMP2)*DSIN(ENP2)* (X1 +X2)/TD22K
e AUIN+1I/24K (M#1)/2)=XX -
TTAP=TD2M*BMEDCOSHIBMI/{ BMS+ENP2S )
X2=GMEDCESH(GM) Z{GNS+ENP25)
XX=2%EMP23DSTN(ENP2)%(XI+X2)/TD22M
ACIN#1I/24K2 ,(M+1)/ 2) XX ——
é‘\\coarxwus ) LT —
CALL DETERM (A»I+DET) . BT

. - _"_--__—_———-_.
PRINT25 ot ) _ - o -

25 'FCAMAT{"1',"END') .
_3ToP  — - s L. ) T B
- ENO, Sk . .
SUSRQUTINE - DETERM\(A.N-DET) '
z AMPLICIT REAL¥8CATH.0-£) -
.. DIMENSION A(45.45).xtqsl.Entos).EN(45).EP(45:
' SIGh=1s -
M=N-1 g . T T
. LAbI—H—l ‘ Y T T~

-~

c - . ‘ :
E -.aTART OVERALL LODP Foa(h-;) vaors : SR )
é n 00 200 I= I-LAST - - o . T
C
C

~

-.j _.:.‘. \ -

ai G=°-

:,CH:CK UHEIHER A NUN-ZERU TERH HAS . d:EN FOUND

NI {4 (816)80.60.80 ST V-
L=TH sou HAS THE B1GGEST TERM-—-—IS 1=t S
+80- IF (:-;)90,120.90 _"' ‘\ o ’ L
v S LAS uot EQUAL 10 L «SelTCH RuWS I AND oo .
90 23 100 JTEoN | o e oL o,
© TEMP=A(Lled) .. S T I .o,
; L ALe J)=AL YD) - S T, R oo el
c ~100  AlLeQd=TEMP .- o R
E' . .NJl/START PIVDTAL ueuucrluu- oo Mo T s T
: ;ao PLVOT=ACEL) . - o 1 S N T
C, hE‘TR—l*l . el : L e e L
' ’ : - . ‘ I." 1
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- . : ~b
FOR EACH UF_THE ROWS AFTER THE I1-TH N AN
" B3 200 J=NEXTR ¢ M ' o _ ' ~.
MILTIFLYING CONSTANT FOR THE J-TH ROW IS | '

CGNST= A(J.IJIPIVOT S T s

N3e REDUCE EACH TERN

00 200 K=I.N i '
A(J.r —A(J-K) CONST#A{ 1 ,K) ' : 3

'ENO GF PIVUTAL REDUCTIGN=~ PERFORH BACK SUBSTITUTION J‘Q

P—N 1 .l oo
- D3 500 1=1.M o -

1n=v s fHE—enethno_lunaglggluc FROM M BACK 1o )
. -__—‘_'—‘—-‘—-—-—.___ —_—

IR:V—M+I | 'ﬁ““;“—f—_h‘mﬁﬁ“;;

'GET YUIREV) IN PREPARATIGN ' ' ‘

Y=A(IREVeN) . , o \
IF CIREV=M) 400.500.400~ - . '

NGT sCRKING ON LAST Ruu.l 15 2
DU-450- J=2.1 RS

WORK BACKUARD FOR XIN)-X(N-l)‘--—-—bUBSTITUTING PREVIOUSLV
FOUND VALUES -

K=N#1=J ' S o T
453 Y—Y-A(IRtV.K)*K(K) - ; .

Z_FINALLY «COMPUTE X(1REV) .
"\

500 xT;EEV1=¥/A(IREV.IREV).
FIND AND PRINT EMOENIAND EP S
L=N/3 . . - :
00 .550 1= luL : . T T
J=241=1 :

EMLJI=XC(1) I T~
"EN(JII=XC14L) :

2EQeL) "GO TO 540 . ' - A o
J=x(ie28L) . . : e
)J S50 - : . . -\\N' -

=1l : T e
\J.OISQQOIOX.'EP('lLﬁi',=‘ +Di5.

OF THE J=TH ROUW

'
.

h
=]
o

_ GR GREATER
400’ '

-

.

543
550 PR[N!&OO.J.J.EH(J’;J-bN(J’-J.E
Qv FDRHA[(‘-‘O'J-‘oldulOK.'Eﬂ(‘ol

L. L . \‘\\\_ i .
P(J) , | ff*\\<;:? g
g; ]=f.DlsosoIOXQ'ENl'tlar’)=' E T
“PARINT 659 ' T

'050. FORMAT( %1% o *THE ANT I~SYMMETRIC MODE SHAPE DATA ARE".//II)
. CALL S APt(EM.EN,EP
60 RETUARN
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END
SUIROUTINE SHAPE({EMSEN,EP) , : ~
IMPLICLIT REAL*BlA—-H.0-Z) *
CUMMON Z2.PHI, Pl+sPH1S,PO1,POIS PHIN, PHINS.ALHDS.K-KI-KS
DIMENSI1GN Hl(Sl 51).l2(51.51).h3(51-51).l(bl-Sl)oEM(QS)vEN
1(4D)+EP(45) -
K31=K5+1 : . ' .
ETA=040
0Qd 654y I=1,KS1
7 P51=0.0 ’ .
—_—— — B3 6F0 J=IWKS1l T . ; : . . -
. : : wll= J.0 . ' T
x22=040 » T . I
8533700 A Co~ :
DO 620 N=14Kls2 : LT - . ‘
ENP2=N®P1/2, : : T
CNP25=ENP2%XENP2 - - . - :
ENS-PHINS*(ENP25¥ALMDS*PHISJ : . O . . -
. BN=DSCRT(BNS) : -~ T
X1=ALMDS*PH]S-ENP2S : .
1F ‘XIOLTOOQO) GG TB 605 ’ . - i
. SNS=PHINS®X1 - A .
 GN=DSCLRTI(GNS) - : ™
TO!h—GN*DCOS(GNJ*(uNS*ENPZS*PUIS‘PHINb)/(BN*DCUSH(BNJ*(BNS—ENP&S*‘
_‘““‘“ﬁhq_ﬁquUlatpﬂle)) . .o
TDllN-dN‘TDlN‘DCOSH(BN)+GN¢DCUS(GN) A
TO1P=DCCSHIBN) ZDCA5(GN)
TD11P= BNtDbINH(BN)+GN10$IN(GNJ#TUIP . -
IF (ETAEQ«0.0) GO Tu 602
IF (PS1.£Q+0.0) G0 TQ 603 e o
Xa2= Ehthl¥(TDIN#DSIhH(BN#PSl)+DSIN(GN*PSl)JfDSlNLﬁyPZOETA)/TDIIN .
‘iF (Pbl EO.I-O) GO rU 601 i \—'"‘“-—--_.________‘ ' b
xid-tP(NitlDCOSH((l—PSI)*dNJ—TDlPtDCUS(ll-PSIJ‘GNJ)‘DSIN — .
L{ENP2#ETA)/TO11P - T
ewg T4 604 . . :
601 xda-cF(Nit(l—TDIPJ‘DSIN(ENP2¥;TAJITDIlP v '
‘6J_TQ 604 : Lo
SuU2 Xa2=C.0 -, . : )
Xd3I=Jde0 s
- GO TO 604 .
603 xw2=0.0 -
. AwW3= EP(N)!(DCDSH(BN) TDlPtOCOS(GN))*DblN(ENPZ#CTA)/TDllP \ .
604 . w2(1l+J)=022+XW2 ] ) .o
a3f1ed)=033+Xu3 ' : ’ T
w22=a2ll.J) - . . . ' - v

ST ~a33=n3(14J) 0 . Lo . o
v GU TG 620 . . - . ' - - .
' . 605 X1==Xx] - .
T GN3= SPHINSEX] - . . Loy .
GNZDSCRT(GNS) . Lo - . :

, IF (ENS«GT+22) GO TC 610 e .
© TD2NSGN*(POIS¢PHINS*ENP2S~ GNS)tDCOSHIbN)I(BNtlBNS POIS:PHLNS: _
. AENP2S)$DCUSHIBN) ) _ ) . .
¢ TO22N=TO2N$BNDCCSH (BNJ) +GN*DCOSHI{GN) - . Y -
< TO2P=DCOSH(BN)/DCOSh{GN) -
: “TO22P=BNSOSINH( BN)~ CN'TDEP#DSINN(GNJ .
- IF (ETAJEQ.0.0) GO TO 07 . .

1

B IF ( Ue040) GO TU 6043 ° ' A o -
T?\\; - XW2=EN(RIS L TOZN*DSINH(ONAPS 1) +DS INH( GN#PS1 ) )8 DS IN(ENP2*ETA ) /TD2 2N :
: \\\\ 1F (PS(sEQe140) GU TU 606 RS . DR

- T \‘\ — . . ‘. B I l . ' ) ’ ' . N . i -
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Xw3= EP(N)*(DCUSH{(l-Psl3*BNJ—f02ptoc05H((1-#51)¢GNJ)£DSINtENPzt ,
1ETA)/TD22P S . :

-y

XW3= tP(N)*(I—TDZP)‘DSIN(ENPE*ETA)/TDZZP . : v

GO TG 605 S S
GO TC 609 . P . .

XW2=0,0 _ : : ‘ v .
XW3=0.0 ) : : CE RS
G0 TC 609 -~ ) 5. .
xdﬂ‘- 00 . . . “ !
XW3I=EP{N)I*(DCOSH(BN)- TDZP*DCOSH(GNJJtDSIN(ENPZtETA)/TDEEP v T
#2(1eJ)=W22+XW2 R

83(1sJ)=w33+XW3 : - v - . R A e

2a22=02l1+J) . LR N ) SR

w33=a3(T,d) .- . L e - el

- GU TC 620 s .
TO2N= GN#(POlS*PHlN:#ENPZS-GNb)/(BN*(BN:-PQIS*PHINS*ENPES)) e T
IF (ETAEQ.0+0) GO 70 612 - N
IF (PSI.EG.0.0) GO'TU 612 . . , .

8=140 - ' o ~”~r ot T -
- TEST= BN-BN*PS! . . ) . RPN

k)

- 3w, "

IF (TESTuaGT.at0e) B=0.0 ; i - N
Xd2= E*LN(N)#(TDZN*DEXP(tBNtESI—Bh)#B)+DExP(le'PSl GN)*B))‘ AT -

K
r

"VOSIN(ENP2*ETA) /{EN$ TO2N+GN) . ' -~ - -

-

‘o1l
‘612,
-

C 614"

«IF (XleLT40w0) GO rc qas W ’ P

rYyra

.qga

&2s

T:DI—BN‘PSI - ,-"‘- T . ‘“ .'J ' Tt :

IF .{TEST«6GT60+) GO TG 611} ) .
Xwi= tP(N)‘(DEXP(—PSI#BN)—DCXP(-PbI*GNJ)#DblN(ENPd&:TA)/(BN-GN) e
GO TO 614 . L
"XW3I=V L0 o B : N ~ v’
.60 Ta 614 ‘ i T L . R
X#2=0.0 ‘ PN - ST TN se e T
Xd3=0eQ . S . o R
-2&1.4)*-za+xuz : : R N .
wn3{IeJI=R33+XW3 . . et ST - Y PO

222=w2(144) o, L N -
223503 (1eJ) . : Lo e T ) " /rf:> .o
CONT INVE Pl A : w0 AP
00 630 M=1,K1,2 . LT T
EMPZ‘M#PIIZ. L) e . __' e - > .'.. ' . N o, * ”»
EMP2S=EMP2%EMP 2 aee T A AU :

-
L]

" Eds= PH}b*(&LMDS+EMPESJ ﬁ“kirﬂ"h"%‘, A Y
", BN=DSCRT(bMS) v P e .

X1=ALMDS-EMP2S - R I P

GMS=PH1S#X1 . oy . P
GM=D3QRT(GMS) .
'lDlM-GMt{bMS*tNPZSOPUIbtpﬂlS)lDCOS(pM)/(BM*!BMS-EHPZS' .
APOIS#PHIS) #DCOSHIBM) ) , , . .
TD11¥=BHeTDLMFDCCSH (BMIIGHIDCUSIGM) , , | -

IF (ETAJEQ.0.0) GD TO 622 5 :\m‘ * )

IF . (PS14EQ+040) GU TQ 622 “
xcl—:n(u)t(TDlH#DSlNH(BM*hTA)*bSlN(bn#ETA))*DSIN(EMPgtPSl)/TDIIM
G TC €24 - N ) .

xd1=0.0 - . N oy - .
Il(l.J)—‘ll*lUl . - ‘ ' - Lo : .
@1l=al(l ed) . . _
GJ TG 630 e . Coe Con
Alz==A1 . ) L T
GMS=PHIS#XL: Lo ) ol w L
IF (BMS.6T.22) G0 To 627 e L CoT
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JTo S --lnMPZS)tDCOSH(BMl)

R To22N= TDthBMtDCCSH(BN1+GM$DCDSH(GMJ

L e . - IF, (ETA.EQ.0.0) GO TO 026
RAPTEE [F (PSI.hQ.0.0J GO TO 626 .

ER U ‘ xwl-:H(H)*(TD&H*DSINH(aH*tTA)+DSINH(GM:&TAJ)*DSIN(EMP&*PSIJ/TDZZM

e "GV -0 629. ] . ’

: - 626 XW1=0.0 . .

-t -7 el TO ‘6235 . .

Ny 6ZZ Tuzn-Gﬂt(PUIS¢PHIS¢EMPZS~uMS)/(ﬁMt(BNS-POIStpHIS*EMPESJ)

¥ e wee v IF (ETA«EQe040) GU TU B28 -

‘ : “IF{PS1.EQeQe0) GO TO 628 . ‘ . .
i TEST=BM~-BM%*ETA - o :

Sl IF (TEST.GT.60+) GO TO 628 ; R
vt . xi’l—:!(ﬂ)#(TDZM*DE.\(P(BM#ETA—BH)+DExP(GM*ETA—GM))*DSIN(EMPZ*PSI)("
- Lvh o L(BMSTD2M+GM) _ Wt ‘
;Tf‘:" T+« 62 TO 629 g : ' : ’ T , .

c . 628 Xd1=0.0 . ' i . : ) " ’ :

v . 629 willeJdlswll+Xxwl - L L
P R llllv'l(l.J) . « - *
W .. 63 CONT INUE ' TN
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P FUORMAT(*=? ,0pPS ]| =? F5,3,4X,'ETA S0 e FSe30AXe ' W1 312440 412,%) =2,
) 1012.-0431'14‘!( 0 12e% 30, 12,%) ""'oDlaoonKn'h3('o]2|'o'l1£o" =%, .
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THIS IS5 A SYHHETRIC MODE EIGENVALUE SEARCH PROGRAH

WITH POINT SUPPORTS SYMMETRICALLY LOCATED ON THE\EDGES.NDRH—
‘AL TOD  THE CLAHPED BASE.IONE PDINT SUPFORT ON EACH\EDGE.Iu

v -

CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCC?CCCCCCCCCCCCCCCCCtCCCCCCCCCCCCCC

L

CCCCCCCCCCCCCCCCCCCCCCQCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCGCCCC
c’

\ .

c
c
c
o c .
FOR THE RECTANGULAR CANTILEVER PUATE ‘FREE VIBRATION. PROBLEM. R -
-
c
c
c

.. R
St . T
.= . ' .
" - b
- oo -~ - .
“ . - .
1 W .
(N
v,
: . LR ' '
i, o . AR . A
LT T - L v b . . . ) .
- . & L " - r \ b
AN >\ - “ 5 - :
. v » 1 - X . - v -
T \ - - 4 awe
. e .
[y e “ . F . ;
M . . N .
< i, \ 4 % _373_ ~ |
T - B - 4 ) h r
“ . -~ . P
R \q . -3 - L —n .
* L.t .
-;- . " "
. . .
. ~ '
oy . M " '
. . or M
- - -
. ’ -~
- ) . . . - .
- L i . . .
S . AN R
- . . . - - . ' 3 .
‘ . . il - A o
e ’ . ' - . i - o . P .
- . . . - -

1

CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCétCCCCCCCCCCCCCCCCCCCCC".

-t

' . USAGE” : THE FDCLOUING VARIABLES nust aE PRDVTDED' '\; . . €
, .. e
ST le= K = THE NUMBER OF reans TD BE USED 'IN THE sanrss e
- T . INVOLVED. FOR 5. oxsrrs ACCURACY USE K 005 : c
‘., . - . . Oc
2.~ €51 = 0 TO 1.-Pnovxntus THE DIHENSIONLESS DISTANCE .°.C .
OF THE POINT- supponr .TO' THE ‘X OR PSSt A!IS.: e
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2 : CONTINUE :
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ALMDS=1T72YPT21211
DLIM=TIYIREZYITY?IY Y?
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“1- CONTINUE . i . "%

ALMDS=ALMDS ¢DEL : TN ' . ’

S 27 . . . . _ o
'DQ .2 K= 1v , ' -' . o
DO, 2 N=1,L ° : . ' .
A{MyNI=0.0 T v : .

00 3 N=1,K . ' .

DO 10 M=1,K1,2 . S
Do 10 N;I{K L . . .
JIN=N=1 . ' . ‘ , -
EMP2=MePI/s2Z. . - . ' :
EMP2S=EMP2%EMPZ . S ‘ . .. *
ENP=JUNOPY . o o - . SN
ENPS=ENPSENP Co
* BNS= ll-IPHISI.IEHP'ENPQALHDStPHISl . ° - .
BN=DSGRT (BNS)" : :
XK1LZALMDS®*PHIS—-ENPSENP . T | . . g
1F (X1.L7.0.0} GO TO 5 . o '
LGNSEfL.7PHIS)eX1 - ) . ' -
“\GN=DSGRT (GNS) : :
X=POIS®PHINS®ENPS
TDL=(BNS {BNS—X) $DCOSHIBN) )/ IGNO{GNS+X)eDCOSIGN))
TD1P=DCOSHIBN)/DCOS (GN) :
X=UFIS®ENPS
. JD11N= an-ocosntaunotozoc~-0c0515~1,
,JOI11P=BNeDSINH(BN) +GN*TD1PeDSINIGN) ,
R T (M.GTo200) GO TO &
i#txox P N*29KFZ(DCOSHIBNS (1~ cs:i!-rn;noocoscsu-(1-csr||l-oc0515u9|1
D11P :
TALTe1, H#KI*!DSINH(BN-CSIlfTDl‘DSINIGNOCSlll'DCDSIENPIITDllN T
A(N¥KyN¢KI=((UFISSENPS=BNSISDSINHIBN) + TD18 (UFIS¢ENPS*GNS)e ‘

"‘aosxntcualftoxzu C ) L

-AINC2OK N¢K)=(BN+TDIOGN)/TD11N
AUNSKyN+2¢K)Z (RO (1=TD1P ) ~BNS—GNSOTD1P)/TD11P

PRKASHULENPS=UFSSBNS) 7/ (BNS+EMP25) ) $BNeDCOSHIBN) oo -
XZ—ITDI‘JENPS#UFSOGNSII(GNS-EHPZSII'GNODCOSIGND : : '
XX=(DCOSIENP}SOSINIEMP2) /TDIIN) S IX1~X2)

L ALIMELIZ2NeX)ISXX€2,0"

T KL1SUIENPS~UFSSBNS)/(BNS+EMP25) ) *DCOSHIBN)
X2=LTDIPS(ENPS+UFSOGNS) /IGNS~EMP25)) $DCOSIGN) . S
XX=220COS(ENPISEMP2e (X14X2)/TD11P ' ' s
A(iﬂo:ll:.u#:oxl-xx ’ ) A ot .
GO0 7O 10 - L - o L. U
Xiz=x1 e ' B :
GNS=(L./PHIS)ex1 . ) L _ . _ : S \
GN=DSQRTI{GNS) : _ . e T
K=POIS®PHINSSENPS .. " e L o -
IF IBNS.LT.Z2) GO T0 & - . A T R
TO02= BNOCBNS-IlIIGNOlX-GNSlI . . T P - -

. X=UFISCENPS - oL o IR :
TD:ZP;’BN-GN . ' '. . . ’ T TN e - + . O
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/ BM=DSQRY (BMS) . S e L \\§ ",

. / _
- . -375' . * : - :
. s :
. .
TD22N=BN+TD2*GN ) _ ’ : B
IF (M.6T.1.0) 6O TO 7 o ) ) " ¥
8=1, o -
TESYT=8N*CSI . -

IF (TEST.GT.60) B=0.0

A{LyN+28K)=DCOSIENP} *[DEXP((—BN*CSI)*B) =DEXP({~GN®CSI)*8) )8/
_1(BN=GN) '

B=1.0 _

TEST=BN-BNeCSI -

IF (TEST.GT.60) B=0.0

A(LyN+K) =DCOSCENP) s {DEXP((—-BN+BN*CSI}*B) +TD28DEXP { (~GN+GNSCSI) ¢B) l
1) *B8/(BN+TD2%GN) \ '
AINSK, NOKI*IX-BNSQTDZOGX—GNS)lITDZZN : N
A{N®ZOSK, NeK) =0 _ . L
AIN«K,N+2.KI-D.0 ‘ R a3
GO TO 7 ‘ ' . , '
TD2=IBN® (BNS=-X| $DCOSH(BN) ) /7 {GN® (X~ GNSI‘DCDSH(GNII _ G4
- TD2P=DCOSHIBNI/DCOSHIGN) . PRERE .
X=UF-ISSENPS : - S .t
T022P=BN®DSINHIBN) ~GNeTD2P*DSINHIGN) : '

. TD22N=BN®DCOSHIBN) +TD29GN*DCASHIGN) . :

IF (MaGTa1.0} GO TO- 8 . : i
AIIOl,NtZ'Kl‘lDCOSHIBN-(I-CSI)I—TDZPODCOSHIGN'I1 CSIIII'DCDSIENPI ‘|
1/TD22P . . “
ACI+1,N¢KI=(DSINHIBN®CSI)+TD2*DSINHIGN®CSI))*DCOSIENP) /TD22N o .
AUNSK NOKI=EIX-BNS) *DSINHIBN] +TD28 (X—~GNS)*DSINHIGNI) /TD22N ‘ .
AIN®2K N+K)=(BN+TD28GN) 7TD22N . T
AINSK N+29K)=(UFIS®ENPS® (1~ TnzPl-BNS+GNSOTDZPIITDZZP . oo l

%GO TG &

Xi= ('ENPS‘UFS.BNS'I(BNS*EHPZS'"SN o - . L |
X2=C¢{ENPS=UFS*GNS) 7 (GNS+EMP2S) ) eGN *TD2 _— ey T {
XX= 'DCOS'ENP"DSIN'E"PZ'IYDZZN"‘XI*XZ' s ) - |
AUING1) 72, N¢+KI=XX02.0 . : L . . . :
X1={ENPS=UFS*BNS)Z7IBNS+EMP25) o - : b . |
X2=(ENPS—~UFS®*GNSE/ZIGNS+EMP2S) ‘ . : . . . - I
XX=2%DCOSI{ENP)I'EMP2*(X1=X2)/TD22P Lt ' . !
.A(("’i"ZQNQZ.K, SXK ) e v |
"GO TO 10 . A T
xl=IlENPS—UFS.BNSIIlBNS*EHPZSII‘BN'DCOSH(BN! PR . . . Co T [
Xx2= (IENPS-U?S‘GNSIIIGNS+EMP251I'G\ODCOSHIGNIO Dz "t o . .. {
xxX= IDCOS(ENP)ODSINlEMle17022N)0l11+x2l st . . ’ I
ALIM*LI/2 ,N+K)I=XXe2,0 - .7 . ‘_:-;' ) - i
Xi= "ENPS‘UFS'BNS'leNS’EMPZS"'DCUSH‘BN' . N o : : (
xz-lTDZP#(ENPS-UFSOGNSII(GNSQEPPZSII'DCOSHIGNI I T A n. '
KX=20DCOSIENP)SEMPZ*IX1—-X2)7TD22P . . e ’ . 1
ALIM*L) 72 N*20K)=XX . i ' ’ “. ) |
CONTINUE - . ; IR ST
DO 20 N=1,K : . ) . . : T
DO 20 M= 1,‘1’2 . T . i o T LT . £
=H-1 . . I S . - =
ENPEINePT - ‘ . R 3
ENPSZENPOENP AT . . S
EMP2EMePI /2, e . N

BMSEPHIS® (ALMDS+EMP2S) .

X1=ALMDS=EMP2S . " B PR
IF{X1.L¥.,0,0) GO TO 13 ~ ' e . N N
GMSCRHIS®X1 g R RN IR
GM=DSQRT (GMS) ) . Ao B i L Tt ot
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i’. !
TDLL=BMSDSINHIBMIZ IGMSDSINIGM) }
TDLIL==29DSIN(EMP29CSI) 7(BMe(BMS— POISOPHIS‘EHPZS)GDSINHIBHl

1+ TDILOGM? (GMS+POIS*PHIS*EMP2S) $DSINI(GM))
TD1=(BM* [BMS~POIS*PHIS*EMP2S51sDSINHIBM} ) 7 {GMe (GMS+POISHPHISCEMP2S])
1 *DSIN (GM)]}
TO1=TD1e*{-11
TO11=BM*DSINHIBM)~TG1*GMeDSINIGM]) -, B
XX S{IBM*DSINHIBM) ) JLBMS+ENPS)I+TD1*GMeDSINIGMI/ZIGMNS=
1 ENPSY}®2¢EMP2*DCOSIENP)/TD1] :
X1=BM®DCOS(ENP)ISDSINHIBM) /{BMS+ENPS)
ox2s= GH.TDIL'DCDSlEHPl'DSIN(GMIIlGHS-LNPSl
. XX1=2¢TD11L*EMP22e(IX1¢X2}
IF (UN.GT.0.0) GO ¥C 11
XX=XXZ2: .
XX1=XX172 - . : Dt

11 A(N+2OK,IM+1)/2)XX - . .
Atnoztn,1+1l-nluoz-x,xolnoxxa '
X1=((EMP2S—UFIS*BMS)/(BMS+ENPS) ) #aMeDCOSIENPI®DSINHIBM]
X2=((EMP2S¢UFISOGMS) 7{GMS~ Enpsl)-cnoocosceuPlsosxntcul-Tuz

h XX=(X2¢X1)*2*DSINIEMP2)/TD11
X2=(ILEMP2S+UFIS*GMS) /7 IGMS~ ENPS)l-sn-DCDSIENPI-nsxntcnl-rn1L
AXL=2¢TDLILSDSINIEMP2) ¢ X1+X2)

XX2= TDIiL‘IDCOSH(BHl0?01L'DCDS(GMII'DSIN(EHPZ‘CSI)
XX3=TOLIL*{{UFSeEMP2S~— BMSI‘DCOSHIBHlffolLOlUFSlEHP25¢GHS)‘
10COS{GMI ) . .

xxb-lDCOSH(BHI#TDI‘DCOS(GM)liDSIN(EHPZCCSIlITnll : ol
IF (JNeGT4C.0) GO TO 12 . ,

.

XX=XX/2 : :
XX1=XxX172 ‘ .
AI(HflllZ.lH+1llZl-lIUFS‘EHPZS ansnsocosncauaoroxol. .

1UFSOEMPZSQGHSI‘DCOSlGHIIITDIL ) . -
AlIM*LIF2,0+1)2XKD ‘ -
Allel,(Mer) /720 XX4 . .
ACLI®*1,T¢20=AlTI+1,T42)¢XX2 ~ ' '
12 AINYK, IMel)/72)=XX :
. ALINSK I+LIZAINTK,T+3)+XX1

. GO TO 20 ) A .

13 xi=-x1 . T
GMS=PHISeX1' . ‘ )
GM=DSQRTIGMS) : o
IF (B8MS.GT.22) GO TO 1% :
¥D2z (BMe(BM S~ Poxsopuxsosnpzslnosxnulan:)t(-l:fccnttsns-Pozso

LPHISCEMP2S)*DSINHIGM) ) .

TD22=BMSDSINHIBM) +TD2¢GMeDSINHIGM]) . S -
TD2L=~BMeDSINH(BMI Z (GMODSINHIGHM]) ] . ; '
TD22L==2%DSINIENKP2¢ sxl/tanolnns-Poxs-PaIs-EMstn-nsaunlanno
L1TD2LOGMO{GMS=POISOPHISCEMP2S5)SDSINHIGM] )

X1=BM*DSINMIBM) /LBMSEENPS) .

X2=GM¢TD2*0SINHIGM) F IGMS+ENPS)
XX=29DCOSIENPISEMP2e(XR1¢X2)/7TD22
KltlEHPZS-UFIs‘aHSIOBHODSINHIBHIIIBH505NPSI
xz:t:npzs-urxsosn51-tozosvoosxuntcnltcans+euPSl .

xXx1= zooSINleans-DCOSteup)ttuxole:rozz .
X1=BMODSINHIBM) FEBMSEENPS) v
XK2=GMOTDZLODSINHIGMI/IGMSHENPS) o .
XX222¢TD22LCEMP2o(X14¢X21) ¢0COS LENPI _ . : - .
X11=(EMP2S~UFISOBMSI*BMODSINHI(BM) 7IBMS+ENPS)
X22=(EMP2S=UFISeGHS)I*TO2LOGMODSINHIGMI/ IGHSH+ENPS)
xnaszotozzLonszulsuondtx11¢xzzlOOCOSIENPl

IF (IN.GT.0.00 GO TO 14 .
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15

\
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XXA=TD22Ls{ (UFS*EMP2S=BMS)sDCOSHIBHM) +TDZLe(UFS*EMP2S5~-GMS)
1¢DCOSHIGM))
XXS5=TD22L*{DCOSHIAMI+TD2L*DCOSHIGM) I «DSINCEMP2eCSI)
xxs:(DCOSH|BH)QTDZ‘DCDSH(GH]l‘QSIN(EHP2‘£SIIITDZZ

AlI+L ,iM+1272)=XXE

ATIM$LIE/72,1410=XX4

AlI+1,1I¢1)=A{I+1,I¢1l)+XX5

XX=XX/I2

XX1=xXx172 i

Xxa2=xx272

XX3z=Xx372 .
AllelllZ,‘HfilIZI-(IUFS’EHPZS-BHS)‘DCOSHIBHI*TDZ‘IUFS'EHPZS—
1GMS)=*DCOSHIGMI)ZsTD22 . .
AIN+2O0K, TH+1)/72)=XX

ALN*K,(M+2) 72)=xX1

AIN®2oK T+11=AIN®2*K,I+1) 4XX2
AIN+*KJI+1)=AIN+*K,I+1)eXX3 .
GO TO 20

TD2={({BMe {BEMS - POIS.PHIS'EHPZS".(‘Ill(GM‘(G“S-POIS'PHIS.EHPZS)'
TO22=BM+TD2¢GM

TD2L==BMFsGM

TD22L= —Z‘DSINIEPPZ'CSIlllBH‘llﬂS—PDIS‘PHIS.EHPZSlOTDZL'GH'|GHS-
APOIS*PHIS*ENMP2S))

X1= BHI!BMSOENPS'

X2=GM*TD2/7/{(GMS+ENPS) - ) ’ - -
XX=2*DCOSIENP)eEMP2* (X1 +X2)1/7TD22 .
X1={EMP2S—UFISP*BMS)*BM/ [BMS+E 5)
X2=(EMP2S~UFIS*GMS)I*TD2*GM/ (GMS+ENPS) : ) ] - -
xXxi= Z‘DSIN(EHPZI‘DCDSlENPI‘Ill+X2IIIDZZ : oL
X1= BH{}BNS#EHPSI .

X2=GM*TDZL/Z/IGMS+ENPS) - ’ :
XXZ=2%TD22L*EMP2s{X1+X2)*DCOSIENP) ¢ .
X11Z({EMP2S=UFIS*AMS) *BM/IBMS+ENPS)
X22=(EFP2S5=UFIS*GMSISTD2L*GM/I{GMS+ENPS) . .
IIJ-Z‘TDZZL‘DSINCEHPZI'IXlifKZZ)'DCDSIENPI S
IF (JN.GT,0.0) GO TO 14 )
KX=XX/I2 . .

XX1i=xx1/2 ' -

KX2=XAX272 v

XX3=XX3/2 ' i S

XIQSTDZZL‘(IUFS‘EHPZS-BMSIOTDZL'(UFSOEMPZS-GHSI'
AAS=TD22LO11+TD2L ) *DSINLEMP29CS]I)

- XRXG=(14TD2)SDSINIEMP2eCS]I}/TD22

20

11¢

. SIGN=1.
- LAST=N=1

ALT¢1,IM¢1)/2ZI=XXS _ ‘ W ’

ATIMeLI/24T¢1)KRS
AlTIe1,42430=ALT+1,1I41)eXXS -,
AliMel) z.lnox::zn:ttursoenras- nsnotoz-lurs-enrzs-GMSilltozz
GO TD 14

CONT INUE

CALL DETERM {A,L,DET)
PRINT110,ALMDS,DET o :
FORMATIE? ¥ ALMDS="3F12.6,10X, "}

I

" T EJ:'.ngp{sa

IF GALMDS.LT.DLIM) GO VO 1 R

STOP e :
_END -

"SUBROUTINE DETERM th.u.ocrl
IMPLICIT REAL®8IA=-H,0=2)
‘DIMENSION A{99,9%)
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START UVERALL Loor FORIN-II PIVOTS.

DO 200 I=1,LAST :

FIND THE LARGESf REMAINING TERN IN I TH COLUHH

YERH-DABSIAIK,III T
IF trean-qrsnso,so,ao

CHECK UHETHER A NON-ZERD TERH HAS BEEN FOUND

-

L-TH RB' HAS THE 8IGGEST IERH——--IS I-L

80 IF tx-uuso,;zo.so Cof

I IS NOT EQUAL TO L, SHITCH ROUS I AND L

NDi START PIlvOTaAaL REDUCTION

LS

, -

FOR EACH OF THE ROUS AFTER THE I-TH

"oe
- L
€
)
c
e .c -
<
c
8IG=0. .
DO 50 K= Igﬂf
30 BIG=TERM
L=K - -
50 CONTINUE
c -
c
<
) IF tBIGllO 60,80
. €
c
*C
i~
c
- ) .0 SIGN==SIGN
o T .00 100 J=1i,N
TEMP=AILI,J)
' AII.JD—AIL.JI
- 100 AIL.JI—TEHP
c
B
c. B
120 PlVOT All,1)
‘ NEITR 101
c
c
c DO 200 JSNEXTR,N
S -
c .
: é . CONST-A-J.IIIPIVOY
- c.
AT

Teryt

€.
" c .

‘HULTIPLVING CONSTANT FOR THE‘J—TH ROwW IS

HOI ﬂEDUCE EACH TERN OF THE J-TH RDI

. ) ) nozoox:xu '
w;g*.c :oo AIJ.KI:A!J.KI-CONST‘AII,KI.

END OF ~ PIVDTAL REDUCTION—--NOU COMPUTE DETERMINANT

DETSSIGN

. DO 300 Ixzi,N
) 300 oztsoettntx,::::o.,y'

. 60 TO.-61
60 0DET=0,
’l RETURN

-

. -
. .
: <o
A . s .
N ) R
. . \ . . -
.
) . ’/'
LY . - L1 l\
‘ IR TN
. - )
Y L * .- . v -t
(£ e . . -
* . . . - >
" - . — . ‘e At
B I e . et
- L
. -, . ' "
e . .
- -, . m
- Lo + PR
PO 1 . .

FOR PIVOT

S ke e

. W
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—_ '
. - o . e - - - . ) o ~ ] -
N fi .
o
S ~écccccccccccccccccccccccdccccccccccccccccccccccccccccccccccccccccccccccc.
c .
gg_ e . PRUGRAM © c
_ c
€ . THIS 18, ‘ SYMMETRIC MODE SHAPE PROGRAM FOR THE' REC- c’
TANGULAR CANTILEVER PLATE FREE- VIBRATIUN PRCGBLEM. WwWITH PUINT A
SJUPPGRTS SYMRETRICALY LOCATED ON THE .EDGES JNORMAL T THE - . C
CLAMPﬁD BASE-(ONE POINT SUPPORT ON EACH EDBE.), C
. C
. ccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccc

-

ccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccc,
(USAGE 3 THE FOLLGWING VARIABLES MUST BE PRGVIDED; |
'1.-)& . = AS DEFINED IN PRUGRAM S'4' - S
2.- €S1 = A5 DEFINED IN PROGRAM S. . |
3e— PHIR 28/7A FuLL PLATE ASPECT RATIU.
4= ALMDS = EIGENVALULa

. Se= KS = NUMBER OF POINTS AT WHICH THE DISPLACE-‘
: , - MENT w IS REQUIRED. L
) .

- ./ "es- POI = POISSON®S KATIO.

L(CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCC

*
L]

ANOOARAMAAMONOANAA

J‘,‘

AMPLICIT REAL®8(A—H,0~Z) ‘ - e Tt
COMHCN ZZ.PHI.PI'PHIS.POl-PDIb.PHlNoPHINSoUFS.UFIb-ALMDS.CSL.KoKl-
le | ’ ' . e

QIMENSICN. AL99:99) Lo _ ‘ .- e

_nnnnnnnnnnnnnnhnnhnnnnnnnnn

K=22?222222227
KS=22222222?272
22=3600
C31=222224222
.- - PHIR=22222%127%
. ALMDS=?7222222

222222222 S S
22222227 . 3 : :

222222272 . o
22722227 : -

NRN W

_ 22222227
PHI=PHIR/2 T
o - PRINTSO0+KsKS, lePHIR+ALMDS

S0  FORMAT(®1° 410X oe%K =9,13,10X,%'KS '-l3:lOX"CSI.=’

JY'PHLIR -'.F704310X.*ALHDS =’-F6.‘.I///) <

. T K1=28K=1 R =
o . C=1e T - . R
Pl %DATANLC) ‘ ' . ' : .
PHISsSPHI®PHI-

?2?
22
22
2?2
2
cs

WF7eas10K, ©

/. PO1S=2-POI o . S : - e
[ PHIN=1e/PHI : : | ‘ : : S
L FHINS=PHIN®PHIN = . IR ‘ ; R
.Y D NFS=FCLEPHIS ¢ : o ‘ R A L,
e S UF1SzFUISPHINS" T S
._" .- N l-d“ . . . - -‘ o . . ) CL e . RS
-3 CUNTINUE A L L —

| polazezzzeeRereRRRIETRTRZRZRE . . - ¢ .. . 0 .




. . . - °

C . : ' _
C INITIALIZE THE MATRIX A :

- L=1+1 _
: DO 2 M=1,L : _ T : N : ’
DO 2 A=1,L ‘ : L . : . : oot
. A(MsNI=0.0 _ i _
- 2 CUNTINUE - .
. Cd 3 A=]1.K . . ‘ . _
3  AINL2¥KIN+2%K)=-1, ot ' ' s : ' :
DO 10 M=1,K1,2 ° : _ j : —
DO 10 N=1.K : . . _ |

. JN=N-1 = , . A
EMP2=N2Pl/2. ‘ \ ‘ . ’ )
EMP2S=EMP2EMP2 . : o . R

‘ ENP=JN*P1 A . ' , - — _ : vt
ENPS=ENP$ENP . - .
EN3=(1e/PHIS)* (ENPx ENP+ALMDS*PHL1S) - e e
EN=DSQRTI(BNS) ‘ ' ‘
XI=ALMDS*PH1 S~ENP®ENP- . L . " B

R ) iF ‘xl.LT.U-O) GC TO 5 : . -
- GN3=(1l«/PRHIS)* X1 . . ' .
| .~ GNSDSGRTIGNS) . .
‘R=PUlS*¥PHINS*ENPS . ) N
TDI=(BN*(BNS—X)‘DCJSH(BNJ]/(GN*(GNS+X)¢DCUS(GN]) * o
TOLP=DCGSH{BN) /DCOS (GNJ ' .

Y

. X=JF I S*¥ENPS ' C
. TOLIASBN*DCOSH(BN)+TD1*GN*UCOS{GNJ . ' :
: TIL1P=BN*DSINH(BN)+GN*TD1P*DSIN(GN) . . ‘ . '

" IF (MeGT.1.0) GG TO 4 T o . ¢
- ALT+1,N+24K)=(DCASH(EN®(1+CS1) )=TDIP*DCOSIGN*{1=C51°) ) ) *DCAS{ENP) 7
1TO11P - S . ‘ . )
ALI+1sN+K)=(DSINH(BN*CSI )+TDI*DS IN(GN#CS1)) #DCUS(ENP)/TDILN |
- AUNEK o NFTKI= { (UF I SYENPS~BNS) #DS INHIBN )+ TO 1*(UFIS®ENPS+GNS) * - ‘
1DSIN{GN))/TD11IN . .,
A(N+2EK s N¢KI=(BN+TOLI®GN)ZTDLIN : ' _
TAUNEK I N42FK )=(X*(1~TD1P ) -BNS-GNS*TDIP)I/TDLLP -

v & XKIS((ENPS-UFS$BNS)/ (BNS+EMP25) )#BN*DCUSH(BN) = e e
X2={TCL1*#{ENPS+UFS*GNS )/ (GNS-EMPZ25)) #GN*DCOS(GN) .
XX=C(OCOSLENP)I®DSIN( EMP2)/TOLIN)*(X1=X2) . T

: ALCM+L) /72 N#K)SXX$2 .0 : o :
: " X1={{ENPS=~UF5%BNS )}/ (BNS$+EMP2S) ) *3COSHIBN) : k
: X2={TOLP*(ENPS4+UFS*GNS) /{ UNS-EMP 25) ) #DCUS(GN) - S
XX=2#DCOS(ENP) *EMP2 #{ X1+X2) /TD11P - 5 ,
AUINMAL)/24N4 28K )=XX . : )
_GU TO 10 - , oL ' . w: !
v 3, Xi=-x1 . o *
| GNS=(les/PH1IS)eX]1 a o . - ‘
. " GN=DS5GRTIGNS) ' _—

2 X=PGlS*PHINSSENPS - “wo , L.
o , IF (BNS«LT«2Z2) GO TO & _ ‘ T
e TUZ=BNE (UNS=X)}/ (GN& (X=GNS)) . ~ T
- X=JF IS®ENPS _ T S .
TO22F=BN=-GN . o . T T ‘ Y
B . TU2Z2N=BN+TD2#*GN B ':._i v oW LI - e ) .

Y L IF (MeGT4140) GU .TO 7 T R N T P O L :

. . ' 8=)e. ' ‘L - et T e e i

T TEST=EN®CS] Voo S : P

LTI .- IF (TEST+uPs60) B=0, " I U N e

" TACLLeN422K)=DCOS(ENP )% (DEXP( (-BN®CS1) #B)-DEXPI(-GN#CS51)%8)) *a/

. . . e -
[N .

\ v e L T ‘ '_-‘ q. . e Cdn -

©oay .-, . . e, .o ; : . e




-o. 1 {BN-GN)}

.- B=la ' . ‘
TEST=3N-BN*CS] . “: s "
IF (TEST«GT.60) B=0,, ’ . . o
A(L0N+K)=DCUS(ENPJ*(DEXP((-BN+BN*CSI]*B)tTDE*DEXP{(-GN*GN*CSI)*U}

C 1 1B (BN+TD2%GN)

- A(N*K.N+K)=(X-BNS+TDE*(X—GNSJ]/TDZZN

A(N+23K s N+KI=0,0 -

A(N+*KsN+2%K)1=0 .0

e G0 TQ W7 . . : . o

-3 TO2=(BN*(BNS—X ) *DCOSH{BN)} )/ (GN*( X—GNS)*DCOSHI GN) )

. TO2P=DCCSH{BN) /DCOSHI GiN) -
X=yUF I1S*ENPS .
TO22P=BN¥*DSINA( BN)-GN*TD2P*DSI NH{GN)

TN TD22N=BN#DCOSH ( BN)+ TD2* GNDCOSHE N

IF (NeGTale0) GO YO 8 . ) :
1A(é;gmam:wcosu;amt1-csuJ-rozptocusu(c.m(1-—csnnt‘ocos&5~m
/T - ' . 1 -
© ALLI41oN4K)=(DSINHCBAXCSI)I+TD28DSINH{ GN*CS1) )*DCOS(=NP)/TD22N
AINTK oN#KI={(X—BNS} *DSINH(EN) + TD2*( X-GNS ) *DSINHIGN) ) /TD22N
. ALN®2¥K sN+K)=(BN+TD2*GNI}/TD22N :
2(N;K.N02*K)=(UFIStENPstté-Tozpj—BNSfuNS*TDZP)/TDzzp
0 70.8 .
7  X1=C (ENPS=UF $*BNS)7 (BNS+EMP2S) ) BN : ‘
1 X2=({ENPS-UFS®GNS)/ (UNS+EMP2S) ) *GN *TD2 , »
XX=(DCOSC(ENP)*DSIN{ EMP2)/TD22N )% (X1+X2)
AL{M+L) /2 N+K)=XXE2 a5
) X1=(ENPS~UF S*BNS)/( ENS+EMP25)
-, X2=(ENPS=UF S®GNS)/( GNS+EMP25) o
"] XX=2#%DCOS(ENP)SEMP2(X1-X2)/TD2zP
ACLMEL) /72 N+2%K )=XK : ,
GU TO 10 . :
8 X1={ (ENPS—UFS®BNS)/ (BNS+ENP25) ) #*BN*D COSH( BN)
X2=( (ENPS-UFS&GNS)/ (GNS+EMPZ5) ) *GN*OCUSHI{GN)*TD2
XX=(DCOS(ENP)*DSIN{EMP2)/TO2N) # (X1 +X2)
ACIM+1)/2oNEK)=XX22 40 '
X1=({ENPS-UF SEBNS)/ (BNS+EMP2S} ) *DCUSH(BN) * -
Xe={ TD2P#( ENPS—UF 3¢ GNS) / ( GNS+cMP 25) ) $DCUSH( GN ) LT e
XX=28DCOS(ENP) $ENPI#( X1 ~X2)/TU22P ‘ -, . .
) ACIM+L)I/Z26N+22K )=XX . . ' ?
.10 CONTINUE. . . i e
OJ 20 N=1.K -~ ©
03. 20 M=1:K1 2.
JN=N=-1 ’ : .
ENP=JN&P] - . , : S
. ENPS=ENP2ENP T » . ot -
CMP2=N#Pi/2. . . . : oL
EMPZkEHPatEﬂPZ%Q o - '

a

OMS=PHIS*(ALMDS+EMP25) * - : o
. @M=DSCRT(BMS) - - v
XK1=ALMDS~EMP2S | . : -
IF(X14.74040) GO TO 13 N .
GM3SPhIS®X) . : e
GM=OSORT(GMS ) ' B A .
TOLL=DMIDSINH{BM)/( GMEDS IN{ GM) ) : S
© TDLLL==2%DSLN{ EMP2#CST )/ ( BH&(BNS—POI S*PH1 SEEMP2S)#DSINH(BM) .
“14TOLILSGM{GMS+PCIS*PHISSEMP25) #$DSIN( GM) ) N
- - TOL1={BN*(BEMS—POIS*PHIS*EMP25) #DS INHIBM) ) 7 LGME [GMS+POLS #PHI S¥EMP2S )
1 _$0SIN tGM)) ~ : B
. _TDI=TDA%(-1) C : ‘

] - . = . -
! .

e : . ' B e :

P . . . -



K
7
LS

TOL1=BM*DSINH(BM)~=TDI*GMEDSIN(GM) —

XX - ZLLEBM*DSINH(SMN) )/ (BMS+ENPS)4TD1 #GM¥DSIN{GM) / (-GMS -

1 ENP3S))*2*EMP2#DCUS(ENPI/TDIIL
X1=8N3JCOS(ENP }*DSINH{BM) / ( BNS +ENPS)
X2=GN*TDIL*DCOS{ENP)*DSIN(GNI/ { GMS=-c NPS }

XX1=2#TDLIL¥EMP2%{X 1+X2) A

IF {JUN.GT.0.0) GU TQ 11

XX=XX/2 . : : . :

XX1=XX1,s2 ) ¢
11 A(N+2#K,(M+1)/2)=XX : o - .

AIN+2#K o I+1 )=A(N4+2%K I+ 1) +XX1

X1=((EHFES-UFIS*BMS)/(BMSfENPS)J*BM*DCOS(ENPJ#DSINH(BM)

x2=((Eupas+UF15tGMS)/(GMS—ENP&)J¢GM:DCQ$(ENPJtostNtGMJtTDI -

XX={x2+X1)*2*DSINCENP2)/TD1]1 . .t

xz=((EMF25+UF15¢GM5)/t@ns-ENPS))tcntocos(ENP):DSIN(GM)tTDlL

"XXI=2%TDLIL*DSINI(EMP2)* (X1+X2) .

5xxa=1011L¢(DcusH(su)+TolLtDcos(GM))*DSlN(EM92¢CSI)
xx3=7011%t((UFS*EM92:-BMSJtDCDSH(BM)+TD1L#(UFStEMPZS*GMS)#

10CasS(GM) . . . .
XX4=(DCLSHI(BM)} +TD1%DCOS(LM) J*TSIN(EMP2#CS] ) /TD11 :

IF (JNeGT«0.0) GO TO 12. : -
XX=xXX/2 . " ’ )
XX1=xX172 ) : . o

. A((M+1)/2.(M+1)fz)a((UFStsnpzs-BMSJtDCUSH(BMJ+roxt(

LUFS¥ENPR2S+LGMS ) *DCOS(GM) ) /TD 1L , .o
A((M¥1)/2,141)=XX3 :

AL+l o {M+LDI/72) =X X4
All+1e141)=AlLl+1,1I+1)+XX2
12 AINHKs{M*1)}/2)=XxX .
. ALN+KSsIH1)=AINCK,I+1)4+XX1
. GU TG 20
13  Xl=—=x} . ,

. GM3=PHIS*X]} ' b3
OGM=DSCRT(GMS) . )

IF {EMSaGTL22) GO TO 15 . ©
IDZ=(dM#(BMS-POIS*PHI&*EMPZS)*DS{NH(BMJ)*(-I)/(GM‘(GMS-PUlS? -

LPHIS¥EMP2S) *DSINHIGM) ) T ' S
TI22=BM*DSINHI(BM)+TD2#GM%DS INH{GM) L
TU2L==gMIDSINH( BN}/ (GM*DS INH{LM) ) !

.TO£2L=—2¢DSIN(EHP2tCSI]/(BH#(BMS-PUI5*PH15*EMP2$)‘DSINH(BMP+‘

1TD2L*GM* (GNS—POIS*PHISHEMP25)*DS INH( GM} ) '

" XI=dMeDSINH(EM) / (BMS+ENPS ).

. K=o MEeTO22DS INH(GM) /{ GMS+ENPS )

XX=2¢DCCS(ENP) ®EMP2%{ X1 +X2)}/TD22 - '
X1=(EMNP2S~UF 1S *#BMS) *BMEDS INH(bM) /(BMS+ENPS) . T
| EA2={EMP2S-UF IS#GMS) *TD2 *GMSDSINH(GM) 7 (GMS+ENPS) oot

T XX1=2FUSINCEMPRIPOCCS(ENP IS (X1 +X2)/7TD22 ~ .

X1=BMEDSINH{BEM) /{BMS+ENPS) : : o
X2=GME*TD2L*UVUSINHIGM)/ (GMS+ENPS ) . _ , .
AKS=23TD2LL*EMP 2% (X 1+X2 ) *DCOSCENP)
X11={EMP25-UF] S*BM3 )*BMIDS INH( BM)/( BMS+ENPS )
xaz:lEMPZS-UFlstcﬂsJ*TDALtGMtDSINH(bnjltGnsytNPSJ

- XRAI=ZRTD22L#DSIN(EMP2)*(X11+X22)3DCOS(ENP)

. dF (JNeGTe040) GO TC 14 . . .

. ux«:rozaLt((UFStsnpzs-EMS)*DcusutanjfrosztUFStEMPZS-GMS)

. A8DCAShIGM)). . . - L
. AK:‘:='ID_22L*(DCUSH(BHJfTDZL#DCUSH(GM) YRDSIN(EMP2%CS] )
AX6=(ICOSH{BM) + TD2*DCUS ht GM) I*DSINI(EMPZ*CS]1 )/ TD22
S ALl (MEL)S2)=XXE ) - - .
o0 AL(MELY/201%1)=XX4G - f

-



k . » ’ ‘ . T -383; ‘

AlI+1l+141)=All+1,1+1)+XX5
XX=XX/2

XX1=XX1/2

XX2=XX2/2

. XX3=XX3/2

ALIM#L)/724{N+1)/2)= ({UFS*LMPZS—bHS)*DCUSH(BM)+TDZ¥(UFS*EHPZS—

'IGH:J*DCOSH(GH))/TDZA

14

:

15~

A(N+23K s {M+1)/2)=XX
A(N+K s (M¥1}/2)=XX1
AINF28K o J#L)=AIN+2EK I+ ) 4XX2

CALNEK S IH1)=AIN+K I+ 1) +X X3

GO TO 20
TDZ-(BH#(BMS—POIS*PHIb*LMPEb)J*(—I)I(GM*(bMS—POIa#PHIS*EMPZSJ)
TD22=BM+TD2*GM

TOZL=-BM/GM
TDZZL—-Z#DSIN(EHPZ#CSI)/(8M$(bMS~PUIb*PHIS*EMP2$)+TDZL#GM*(GMS-

'xpals¢pﬂIS¢Eupzsj)

20

" v . |!.

- Xlz=BmMs(EMS+ENPS) !

XZ=GN*TDZI(GMStENPSJ

. XX=2%0COS{ENPI*EMP22{X1+X2)/TD22

X1=({EMP25~UF 15%BMS) *BM/ { BMS+ENPS) *
X2=(EMP25S-UFIS*GMS) *TD2%GM/ (GMS+ENPS )

xXXi= E#DSIN(EHPZi#DCGb(ENP)*(XI+K2)/T022
X1=BM/(BMS+ENPS) . ) ' S
X2=LGN2TD2L/(GMS+ENPS) ' T
AX2=2*TD22L*cMP2%(X1+X2 ) *DCJAS{ENP)
X11={ENFZ25-UF]1S*BMS J*BM/ (BMS+ENPS )
X22={EMP25—UFIS*GMIIRTLZ2L*GN/L GMS+ENPS) _
xxB—Z#TozthDSIN(EMPZJ#(xll+x¢d)¥DCOS(ENP) . : ’ -

iF (Jh.GT.0.0) GO TQ 1a ‘ . : .
XXZXXS2 : . C
XXl=XX1/2 S

XX2=XX2/2 . .

XX3=Xx3d/2
xx4—1022L¢((UFb#EMPES—BMS)+TD£L#lUFb¢EMPZa—GMS)l
XXS3=TD22L*%{ 1+TD2L)*DSIN(EMP2¢C5]1} : ;
xxa—(1+TD¢)¢D$1N(EMP2#CSIJ/TD&Z oo . . o
AlLl+1e({M+1)/72)=XX6 - ST o o
Al(MPLY/240%1)=XRG :
ALE+1,5140)=A(1+#14141)¢XX5
A((M+1J/2.(u+1)/21 ((UFS#bMPds EMSJ+TD£*(UFS#EMP25-5MS))/Toaa
Gu TOQ 1a _ . ) L
CONT INUE - o s LT . ) . Lo
DI 3u M=1l.L - . . S LT e RS
TEMP=A(Ms1) : . S - -

AlNs I)I=AlMs1I+]1) o ' -
A(Mol+l)‘TEMP

CUNT INVE o o D -
CALL DETERM (A.L.DET) o : L e -
STOP. L T
END SR AR L
SUBROUTINE DETERM { AN, DET) R

IMPLICIT REAL*B(A=H0=2) e
-OlﬂnhSlON A(ss.99).X(99)-EM(75).:N(?S).EP(ZS).
SIGN=1e

M=N-1 R A - o
Lla'—ﬂ-l ' ' o B e :

arnnt uv&kALL LOUP FUR(N-I) PlVOTS St
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_~ . DO 200 I=1,LAST

C ) ‘ - .
E .. FINO THE LARGEST REMAINING TERM IN I-TH CULUMN FOR- PIVOT
. Bi3=0a R '
D3 50 K=1.,M -
TERM=CABS{A(K,1)) a .« T

: IF (TERM=BIG)S0,50,30
. 30 BIG=TERN
L=K
S50 CONT INUE _ . .
CHECK WHETHER A NON-ZEKG TERM HAS BEEN FOUND
. IF (EBIG)B0.:60,80
" L-TH ROWw _HAS THE BIGGEST TERM-—--1§ I={
89 IF (I1-L)90s120,90
.1 I'S NOT EQUAL TO L,5SwITCH RUWS I AND L
90 . 0O 100 J=1.N
L TEMP=A(I 943 | )
T AlLleJd)=AlLJ) | . : ' :
100 ACLeJI=TEMP" - — :
' NOW START PIVOTAL REDUCTICN-.

120, PIVOT=A(1+1)
" NEXTR=I+1

FOR EACH OF THE ROwWS AFTER THE I-TH.

DO 200 J=NEXTR .M | '
MULTIPLYING CONSTANT FUR THE J-TH RUW 1S
cou;r-A(J.r)/vaor )

- NUW REDUCE EACH TERM OF THE J-TH ROW

. WUd 200 K=l14N -
C20%: A{JIRKI=A(IsKI=-CONST #A(1 oK)

ANO "N Ann

N pLF

1]

e Yala B

‘Ane Ann non

ARl

- 'END GF PIVOTAL REDUCTIUN-~ PERFURN BACK suastxrur:uu
- ‘ﬂ-. 30 500 l—l.ﬂ L.
iéﬁ IREV. 1S THE BACKWARD INDEX: GOING FROM M. BACK TO 1
L0 IREV=M#1-1 S ,
~%i ‘GET . YL 1REV) 1n °EEPAkATION L ',°f;i:
- ;{E‘{§EE§:2§ Aoo.sao.aoo R
| NOT WGRKING ON LAST ROWe1 1S <.UR GREATER

Nalal

e - : .. .

B L .
. ] . . o
- . i . . . - T h
o . . ' oo
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" 559 PRINTE0GeLeKsK s JsEM{ID 2K 1ENT{JI) 5K LEPL J)
600 FORMATL®-%, 'M"olZ-JX.'N“'.ld.SX.'P-'u

400 00 480 J=2.1 " R S .
. 4GRK BACKMWARD FOR X(N)sX{N=1)--—---SUBSTITUTING PREVIOUbL!
. FOUND VALUES

 KEN+l=J : ' : T
450 Y=Y-ALIREV.K)*X(K) ' T

.. FINALLY CGMPUTE X(1REV)

S00 X{IREV)=Y/A(IREV.IREV) ) : ‘
FING, AND PRINT EM,EN,EP,AND P _
L=(N-1)/3 i .

DG 550 1=1.L ; CE e c L ) ..
J=2#1-1 : SR ARG . S

K=1-1 . _ -
ENM(JI=X(1) :

-
f

™ . ENLJI=SX(L+L ]

IF{1+EQelL) GO TO bQO
EP{JI=X(1+2%L) .
P=X{(3%L) . : . ) .o, .
od TG 550 : 3 . * .
510 EP(JiI=—-1.0 P , o
.
125X .'EH('.Ia-', =0,
212e%) = 4D13545Xs .

00 601 1=1.L . ‘ s ",
J=2%] - E .
ENC1)=ENLJ) .
EP(L)=EPLJ]) ‘

603 CONTINUE ' ] ) ! T '

" PRINT 650 . . .

-

1013.5055l.hu"0123.J =* ,D13. 5.5X.'EP('

. jeps =8,D13.5)

€53 FORMAT(*1%,*THE SYMMETRIC MODE SHAPE DATA AREZ®7//77) .
CALL SHAPE (EMSENEP,.P) )
60 RETURN , .. . .
END

SJUAROUT INE SHAPE (EN.EN.EP‘P) .
IMPLICIT REAL®8{A~H0-2) .
CUMMON Za.PHl.Pl-PﬂlbrPOl.PDISoPHIN.PHlNS-UFS.UFlb-ALMDS.CSI.K.Klo
1KS
- UIMENSLUN Il(z‘.al’o‘d(‘lodl)ous‘ZIOdl,OUQ(ZIodl,"(dlozlj
llCﬂ‘?S).EN‘?S’DEP(?S' .
K31=KS+1 - : - !
. ETA=040 — ‘ - '
"L0. 650 1=1.KS1 -
PSI=)e0 . . ..
00 €40 J=1.KS1. , A
wil=0.0 ] R _ e
w22=0.0 ) ot ', _ S - . ol e
w33=0.0 = : - ' BN -
*44=0 0 - . .o = ' '

. U 620 N=lsK S I

. IN=N=1 S o el
ENP=JN*P] . . - R S
ENP5=ENPRENP R
dNb—(lo/PHl&J*lENP*ENP+ALMDS‘PHIS] AT B

ot . A Lo 3 - N c
4 s .o . . o . - .



EN=DSGRT (BNS) ;ﬁg _
X1=ALMDS*PHIS-ENP*ENP : T

IF (X1«LT«0e0) GO TC 6006
GNS=(1le/PHIS)=®X1
GN=DSGQRT(GNS) .
X=PCIS*PHINS*ENPS ’
TDI=‘EN'(HNS‘XJ‘DCUSH(BN))I(GN*(GNS+X)¥DCOS(GN)’
TO1P=DCCSH( BN) /0COS5 ( GN)
X=UFISEENPS - :
TJIIN=BN*DC05H(BN’f?Dl#GN*DCUS(GN)
TDIIP=BN*DSLNH(BN)+GN*TDIP*DS!NIGN)
IF (ETAEQ.0.0) GO TO 601
AF (ENP.EGC.04.0) GG TO 601
XX=DCOS(ENP*ETA) -
Gad TG 602 .
601 XX=1.0 - '
602 IF (PS1.EQa04+0) GO TU 604 . .
Aﬂ2=Eh(N)‘(DSINH{aN¥PSIJ+TDI*DSIN(GN*PS[))*XX/TDIIN
IF (FPS1.tQel.0) GO TU 603 ’ . :
XdJ=EPlN;*(DCOSH‘BN*(l—PSl]}—TDlP*DCGS(GN*(1-PSI)1)*KXITDI!P
a0 TU 61 .
603 XWI=ZEPINI*{1~TDIP)EXX/TD11P
B GO Tu 617 . .
. 603 XdZ2=0.0 . .
Xd3=040 H ) .
GO T4 617 -
oUld xXl=-X1 . .
' GN3=(1l+./7PHIS)*X 1 ' -
" GN=D3QRTI(GNS) :
X=PGClS*PHINS*ENPS -
IF (BNS«GTaZ2) GU TG 612 : ‘/
)702=(BN‘18N5fX)lDCUSH(BNJJ/(GN*(X-G S)*DCOSH{GN) )
TOZ2P=DCLCSH(BN)/DCUSH{GN) ; .
IDaZF=BN#DSINH(BN)-GN'TDZP*DSINH(GNJ
'TD22N=dNtDCUSH(BNl+TDZ#GN*DCUSH(GN)
" IF {ETA«EQeDe0) GO TG 6C7 S .
" IF (ENPEG.0.0) GO TO 0O7 - o, .
XX=DCCS(ENP2ETA) : - ‘ "
o0 TG 608 .
- 607 XX=140 .
003 IF (FS1.EQ.0.0) GO TU &l .
.Xd2=éN(N)*(DSINH(&1*PSIl*TDZ*DSINH(GN*PSl))*KX/TOZ2N
.. IF (FS1eEQele0) GO TU 609 . _
KNJ;EP(?%*(DCUSH(BN‘(I?PSIJ)—T02P*DCDSH(6N!(1—PSIJJJ*KX/TDZZP"
GO ‘G ) B
609 XAI=EPINI*(I-TDZ2P)*XX/TDZ2P
. GU TO 617 :
210 Ae2=0.0
‘Xw3=0.0 . .
L0 TO 617 ‘ . E 4.
ol2 TD&=EN‘(BNS-PDIS*PH]NS‘:NPS)I(GN‘(PQISQPHINS#ENPS;GNS)1" -
IFIETALEQ.D0.0) GG TO 61y | : : oo T T
IF {ENP.EU.0.0) GU TO 613 ) . - - I
XX=DCGS(ENPETA) . S S
GG TG 614 . L : .
613 xxX=1.,0 . . . L . . e
614 IF tgsn.sa.o.o: G0 Tu 616 - - . . ' S
“ =l.- . e ‘ ) . o . ' N .‘ o .
- TEST=dN-BN*PS| ' ST S
' iF (TEST«6T+60.0) 3=0. ' S L e



. . , -387-

Xi2=(EN(N)*(UEXP((Bh'pSI—BN)*U)fTDZ*DEXP((GN‘ﬁSI—GN)*BJ)*xK/
LIBN+TD2#+0GN) )} *d ‘ .
IF (PS1aEQal1.0) GU TO 615
8=1le
" TEST=BN%PS]
. IF (TESTauT a60e0) 8=0.
. XWI=(EPI(N)*{DEXP((-BN*PS])*3)~- DtXP((-GN‘PSI)*B})*XX/(BN GN) )=xB
. - G TO 617
‘615 XW3=0.0
} GO TC 617
G6lo Xd2=0.0
Xwid=0.0
617 w2l e d)=022+Xu2
23{1J)=W3I3€XN3
m22=92(1+J) .
- a3d=w3(1.J) : N . -
620 CUNTINJE
© DO 630 M=1.K1,2
EMP2=M2PL1/2 .
EMP2S=CMP22EMP2
BMS=PHIS*{ ALMODS+EMP £S)
EM=D3QRT(BMS)
X1=ALMUS-EMPZ2S
AF X1lalTeCe0) GIJ 'TO bd-‘l
uMI=PHIS®X]
GM=DSCRT (LGMS) '
- TOol= (BH*(BMS—PUIS*PHlb*EMPZb)*DbINH(BM))/(GM*(GHb+PDIb*PHlS*EMPdSJ
1 ®D03IN (GM))
To1=TD1*{(-1)
Tﬂlt—ﬂﬂ*DSlNH(BHJ/(GH#DSIN(GM))
TOl1=BM®OSINH(BM)~ TDI‘UH‘D:IN(&M,
TO1l1lL= -d*DSlN(EHPZ‘CSIJ/(BM*(BMS-PDIS‘PHIbthMPZS)*DSINH(BM’
1+rDlLth¢(unb+P015tPHlstEMPEb)tDSlN(uu))
IF (PS1.EQ«040) GO TU 622 ]
IF(ETAEQ«O0O«D) GO TL 621
Xdl= EM(H)‘(DCDSH(BM*:TA)*TDI‘UCUS(QM*ETAJJ‘DblN(bMPZtPSI)/TDll
KUQTPQTDIIL‘(DCOSH(BM#ETA)+TDIL*DCUSluM#ETA)l*DSIN(EHP&*PSI)
(e18 ) 0 629
61 Xeal= EN(HJ*(I*TDI)‘JSIN(EHPZ‘PS‘)/TDII w
ANG=PeTOLIL* (1 +TDIL)®DSIN(EMP2EPS]) 3 T, ) -
S0 TO 629 — :
622 Xwl=0.0 - : R
Xuw4=J+0
. GO TQ 629 . -
623 Xxi1=-4} - L : ’
hﬂS—PHl&‘XI C i
v GM=D3ICRTLIGMS )
IF (8MSeGTe2Z2) GO TU 625 -
TO&—(BH‘(bHS-POlStPHlS‘hMPdS)*DSINH(BM))/(GH‘(QMS PUIS*PHI&#tMPZS]
1 SOS5INHI{GM) )
TU2=TDL#*(-1) -
Ta2L= *BN‘DSINH(BM)/‘GH*D&INH(&N')
TUO22=BMSDSINH(BM)I+TOD20GM*DS INH{ GM)
TO22L==2%DS IN(EMP22C51 )/ { BM&(UMS-POL S*PHI SSEMP2S)*DSINHIBM)
I+TDZL‘GN.(GN&-PGJS*PHIS‘EHPZS)‘DSINH(GH))
IF (P51«E0«D0.0) GO TO 622 ,
1IF LETAEQ«0«0) GO TU L24&
Xel= EH(HJ*(UCDSH(BM'ETA,*TDZ#DCDSH(bM*ETAJ)‘DblN(EMPd‘PSl)/TDda
Xdg= P‘gggdL“DCOSH‘EM.EIA)+TD&L‘DCQSH(&M‘ETA))‘DSIN(EHPZ‘PSI’
Gd TGO
\‘
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Xaeia=P*TD22L * (1+TD2L J*DSIN(EMP2 P51

624 xwl= EM{(M)#(1+TD2) *DSIN(EMP2*%PS1)/TD22 . L\\.

GO Ta 629 .
625 TUZM=BM¥* (PUIS*PHIS*EMP2S—3MS)/ (GME(GMS—POIS¥PHISEEMP2S ) )

IF (PS1+EQ.D.0) GO TU 627 | . !

IF (ETALEQ.0.0) GO TO 627

B=]l.

TEST=BM—-OM&*ETA

IF ‘TESTCGT.&O., B=0a

XWI=EMIM)*{DEXP ({BM*ETA—BM) $5) +TD2M*XDEXP ( (GM*ETA-GM ) %8} ) 0S5 IN
1{EMP2*PS]1)*B/( BN+TO2M*GM) ‘

TO2L==-BN/GM

TDZZL=—2*DSIN(EMP2*CSI)/(BM¢(BMS—PDI5*PHIS¥EMP25)+TD2L*GM*(GﬂS—

1POIS*PHIS*EMPZS))

Kl4=P#TD22L*(DExP((BMFETA—BM)*B)+TDEL#DEXP((Gd#ETA—GM)*B))?B#DSIN,

- L(EMP2#PS])
Gd TQ €2%

| 627 Xw1=0.0

Xnq4=0.,0
627 WlllsJ)=xunl+wll ' .
ali=alill.d) . : T
nallrd)=Xwatnasa ) . .
NSG4=wWa(l.J)
630 CANTINUE -
' I(I.J)=hl(lerfW2([oJJ*h3(l-J}+U4(I.J)
. PRINT 635.pSJ-ETAoI.Jnil(llJJnlanﬂa(IoJ)oIoJo‘3(1|
€39 FORMAT(*=*,'p5] Z0 pF5a393Xe"ETA =% FS5.3,3XsWl(",12
' 1012e5+s3Xs*N2(° 3124 0%s12,7) = 3D12a59IXs " WI(* 3] 24%,
101 2e5e¢3Xs"'WA(" o 120% 0" 2124") =% ,D12e5¢7) ‘ :
PRIN‘C3¢.PSI!E!A.!.JDE(IOJ) : S -
636 FORMAT(®—1,20Xs*PSI ='iF5.3.¢A.'ET$ S0 F5 4394 X "
Aw(®312:%¢%,124%) =7 ,D12a5) o . ] - : .
PS1=P51+1./DFLOAT(KS) ’ : . i
64830 CUNTINUE . . : :
ETA=ETA+]1.0/DFLUOAT(KS)
650 CONTINUE ; ] o
RETURN o .o . . B S
END * -0 e ‘ ‘ ’ . Lt
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C
CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCC€CCCCCCCCCGCCCCCCCCCC

C c
C PROGRAM 7 — C
c - - C
C THIS IS AN ANTISYMMETRIC MUDE Elo&uViiU: SEARCH c
c PROGRAM FDR THE RECTANGULAR CANTILEVER/PLATE FREE VIBRATIUN C -
c’ PROBLEM. WITH POINT SUPPORTS SYMM ICALLY LOCATED LN THE C
C EDGES NGKMAL TO THE CLAMNPED BASEw ONE SUPPORT ON EACH EDGE) C
C c
écscccccccccccccccccccccccccccg;ec’hcccccccccccccccccccccccccccccccccccc
C ~ o
gccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccc
C
| E USAGE I THE FOLLOWING VARIABLES - MUST BE PROVIDED; ‘ c
. Te C
C - | la— K - = THE NUMBER OF TERMS TO BE USED IN THE c
- € ¢ . SERIES INVOLVEDe. FUR 5 DIGITS ACCURACY c
.;-‘E . : USE K = 30 . ; , . g
2. C 2e= CS1 . = 0 TU 1, PKOVIUVING THE DISTANCE BETWEEN C
Y : THE CONCENTRATED EDGE FGRCE(POINT SUP- c
o€ . . PURT) AND THE PLATE CENTRAL AXIS DIVIDED C
N g BY THE PLATE EDGE DIMENSION. c
. ’ . . ' - T - c
” o E - 3e= PHIR = 2B/A» 15 THE FULL PLATE ASPECT KATIU. C
. . : o o ) . ) .. c
¢ AR 4e— ALMDS = AN INITIAL STARTING VALUE FOR THE EIGEN- c
T C - WNALUE SEARCH. - o
- C ~. _ c
-0 c Se— DLIM = A FINISHING UR E£IGENVALUE SEARCH ENDING c
. C . © LIMIT. IT INSTRUCTS THE CUMPUTER WHEN TO C
. E HALT EXECUTIGNe E
g : 6e— DEL ' = EIGENVALUE INCREMENT . . E
g' 7.-'Rpl = PUISSON*S RATIO. . e, 'g'
: cccccccccccccccccccccccccccccccccccucccccccccccccccccccccccccccccccccccc
E . .
. IMPLICIT KEAL*B(A=H sU~Z )- B
“ OIMENSIUN A(99,59) _
K=27222227222272222222227 .. . - .
CS1=22222222222222222227? NG
. K2=2%K . ‘
T K1=28K=) ] ' ‘
22=3€c Ve ‘ . . ’ . : ' . . :
puna-7????2?????????7??? ) S K ' C . e
" . Prl=PHIR/2. _ ‘ . .o T o - IR
' _ PRINT&O-PHIR.K.LSI . : e oo
. 50 FURMATI®1%4*PHIR =* sF7+4+10Xs*°K =415410X+°CS1 =0%F7e4e/777) .-
C=1le , . L
PI=4+$DATANLC) T L ELe T
PHIS=PHI»PH] . L e PR A
FUL=222222227227222222722" C e T e

FG15=2-PGi e A
PHIN=14/PHI i S



PHINS=PHIN*PHIN
UFS=FOI*PHIS - -
UF1S=PO1#PHINS o . . .
1=3%K+1. . T : ,
ALMDS=2772222?22222222227
DLIM=2723722222?22722222 .
DEL=272297222222227277222

1. CONTINUE .

INITIALI1ZE THE MATRIX TO 0.0

nhn

N D3 2 N=1,1 : . .
. ) CO 2 N=1,1 : . o 2 : ‘ .
: . 2 AlMsNI=0a0 . S .
: 00 10 M=]1,K1l,.2 . S
CO 10 N=1,K1,2 o ' ,
EMP:‘I:H‘PI/Z . P-—J . N
EMP2S=EMPZ*EMP2 - : a8
ENP2=NEP]1/2e | : : : .
ENP2S=ENPZ*ENP2 - te
ENS=PHINS*(ENPZ2S+ALMDS*PHI1S)
EN=DSCRT{BNS)
X1=ALNDS*PHIS-ENP25 1 :
IF (X1.LT«0.0) GU TG 4 .
GNS=PHINS#$ X1 E
GA=DSGRT(GNS) 2
' - TOIh-CN*DCOS(GN)*(uNa+tNde¢PUIStPHle)/(HN*DCOS&LAQQ}(BNSHENPZb*
' , 1FOIS*FHINS) ) R
v TO1LIN=BN*TDIN*DCOSH ({BN) +GN*DCUS [ GN) .
: R TO1P=DCOSHI BN)ZDCUS (GN) ' v
TUL1P=BN*USINH(BN)+GN®DSIN(GN) *TC 1P
IF (MaGTale) GO TU 2
A(lo(N+1)IdeJ—(TDIN¢DSINH(BN¢CSI)*DSIN(bN*CSl))*DSIN(ENP&)/TDIIN
ALIo{N+1)/2¢K2)I=({DCC5HI{BN*(1-CS1))~-TOIP*DCLSIGN®(]— Cbl))l*DSlN(
, .. “1ENP2)/¥D1LIP .
BRI TALINALYIZ24K24UIN+L)/ 24K )= (TDIN*bN+GN}/TDllN
. ALIN+L) 724K 2 IN*1D/24K)={ LUF 1S*ENP2S~ ~BNS) #TDIN*DSINH(BN)} ¢ (UFIS
L*ENP2SH+GNSISDSINIGNIIZ/TDLIN
. ACINFLI/2¢K 3 IN#1)/24K2)=(UF ISSENP25% (1-TD1P)=-BNS=TD1P$GNS)/TD11P
3 XI={L(ENP2ST~UFS*BNS)/7(BNS+EMPZ5) ) #TD1 N*3N*DCOSH{ BN)
- X2={ (ENP2S+UFSEGNS} /(LNS—EMP25) ) *GN®DCUS [ GN)
AX=220SIN(EMP2 ) ®DSEN(ENP2)* (X1 -X2)/TDI1IN
AL(ME1) /72, (N#L D /24K )=KX S . : , :
X1=( (ENP25—UFS*BNS) /( BNS+EMP25) )} *0CUSH{BN) : : T .
: X2= (tLszs+Uf5tGNS)/(uNb—Eupza))tTuxptoccaten) ) - ‘ '
. xx-ztasluthnpz)*EMPz-(x1+x¢J/roa1P
AL(M$1)/2e IN*1) /724K 2)=XX- .
GU TLC 10 o : .o L
' 4 xlz==x1 ) - — i
X ONS=PHINS® X1 o SR o
: GA=DSCRT(GNS) ‘ , _
IF {BNS.LT«Z2) GO 10 & ,
TO2N= GN#(PDIS*PHINS*Eszs-GNal/(BN*(BNS-PUI&‘PHINS*ENP&SJl ST,
TUZ2N=TD2N*BN+GN R
_Tn)ﬂp le . '
TO22F=aN-GN*TD2P o ok
AF "(MaGTel1) GU TO 5 - : : . _—
- : TEST=BH-BN*CS] : , - R
M- L - B=le LT Co B P
o IF (TEaT+6T 60, ) B=0, E N A TP PR A R S

— —— i nia s

MR e L )




- _39 1.; . '

AlLs (N+1)/2+4K)=B*(TL2N&DEXP((BN*CSI - ~BN)*B)+DEXP { (GN*CS - GN)tle?
1+{DSINLENP2)} /(TD2N*BN+GN) )
TEST=BN*CSI
B=1.0 .
IF (TESTeGT +60e) B=0.0 °
A(L«(N+1)/724K2)=B%(DSIN(ENP2)}/{BN- GNJi*(D&xP((-uNtCSIJtBJ
1-DEXP{{—GN*CSI)*8))
A{(N®1)/24K2(N+1)/24K)=0.0
ACIN+L) 724K o (N+1) /24K2)=0 0
A((N+1)/2+K.(N+1J/2+K) ({UFIS*ENP25-BNS) *TD2N+UFIS*ENP2S
1-GNS)/TD22N
. 5 Xl= ((ENF25—UFS#BNS)/(BNS+EMP2:J)#TD&N*BN .
.. X2=( (ENP25—-UFS%GNS) /( GNS+EMP2S) ) 3GN : \
; XX=280SINLEMP2) *DSIN(ENP2)*(X) +X2)/TD22N :
o : ALIM+LIZ2s (N+1D /24K )I=XX
X1=2{ENP25-UF S*BNS)}/ (BNS+EMP25)
X2={ENP2S-UF S®¥GNS)/ (GNS+EMP25) _
XX=2#%USIN{ENP2) %EMP 2% (X 1-X2)/TD22P o .
' TA{IMELIZ24IN+L I /24K 2)=XX
GJ TG 10
6 TU2N= GN*(PUIStPHINa*ENPdS—GNh)tDCUSH(bNJ/(BN*(BN:—PUI:*PHINS*
LENP2S )#DCOSH(BN) ) -
TO22N=TD2N*BN*DCOSH (BN) +GN*DCUSHIGN) o -
TO2P=DCUSH( BN) /DCOSH( GN) ,
T TD22P=BN*USINH( BN}~ GN®TD2P*DSINH{GN) N\
f IF (M.GT.l) GO TO 7 .
. A(lo(N+1)12+K}—(TDEN¢DSINH(BN*CSl)beINHluN¥Cbl))*DSIN(hNPd)/TU:EN
ALLe IN+1}/724K2)=(DCOSH(BN#*{1-CSI))- -TD2P*VUCOSHIGN*(1-CS1)))*
. - 10SIN(ENP2)/TD22P ,
S ALINTLIZ2+K2 4 (N#1)/72¢K)=(TU2NEBN+GN) /TD22N : '
. ACIN+L) /724K o (IN# L) Z72+K) ={ { UF IS*ENP25~ BNSJ*TozntDblNH(BNJ+(Ur15*
. LENP25-GNS)®DSINH(GN))/TD22N
AGIN4LI /724K o {N+1)/24K2)=(UF1S«ENP2S*(1-TD2P )~ BNb+TD£PtGN$)/T02dP
. - 7 XL={(ENP25-~UFS5%BNS) /({BNS+EMP2S5 ) ) *TD2N*BN*DCOSH{ BN) .
i . X2=( (ENP25-UFS$*GNS) /{ GNS+EMP2S } ) *6LNXDCOSH{GN)
- XX=2¢DSIN(EMP2) #DSIN(ENP2)*I{X1+X2)/TD22N
- o : ALINTLYIZ20 (N#1) /724K )}=XX :
o A1=((ENP25~UFS*BN5) /L BNS+EMP25) ) *DCUSHIBN) © - .
< x2= ((ENP2$—UFb#GNS)/(bNS+EMP£bl)OTD&P#DCD:H(GN)
© XX= d‘DSlN(ENPZ)*Eﬂpz#(xl-XZJlTDZZP
o ALIMELIZ20IN*LI/24K2)=XX : ' : . ,
10  CGNTINJE N L N )

e ——- - tRLe

’

Tt 00 11 N=1eK . - . . .
11  A(N#K2:N+KZ)=—1, :
OJ 29 NSl.K1.2
B2 20 M=1eKil,2 : L
TENPe=SNERLI/ 2 - . . : o R
ENP2S=ENPZ2*ENP2 , S ’
EMP2=M$P]I/2, . . : ’
EMP2S=EMP2SEMP 2 : ‘
GM3=PHIS*(ALMDS+EMP 25) : AN
EM=DSURT(BEMS) : ‘ oL .
X1=ALMDS-EMP2S . ~ ' ‘ :
IF 1X1.LT«040) GO TO 13 ' -
GMS=PHLIS®X} o _ _
GM=DSURTI{LMS ) .
101M—GM‘iGMS+EMP2$#PUlbIPHIS)tDCOS(GM)/(BMt(an-:MPZSt
1FULS*PHIS)ISDCUSHI(BM) ) - _
Tolle= aMtTDlHtDCOSH(ﬂM)+GM*DCUS(GHJ. . '
TJIL-—BM¢DCOSHlBM)I(GM#DCOa(uH)l ' . St

e e el e it WAL
3

"




‘«-

S . L
15*TD&M:GMK(PUIS‘PH]5#EMP¢S—GM$J*DCU$HQGM)/(B

-392-

3“‘IDI1L=-2*DSIN(EMPZ#CSI)/(BM*(BMS-POIStPHIS*EMP2$J¥DCUSH(BM)—
b AITDIL*GH*(GMS+P0IS*PHIS*EHPdS)*DCOS(GH)) o .

. x1=(E!P25—UFIS¢BMS)*dM*DCGSH(BM)/{BMS+ENPZS)
xl1=IEMP25+UFIStGMS)*TDIL*GHtuCUS(GMJ/(GMS—ENPZS)
xx=2#TDllLtDSfN(EMPZ)*DSIN(ENHZI*(XI—xll)

ALIN+1) /724K 1) =ACIN+L1I /24K 1)+ XX

¢t X1=dM#OCGSH{BN) / (BMS+ENP2S)

X11=TDIL*GM*DCOSIGM)I/{GMS-ENPLS)
XX=2%TOLIL*EMP22DSIN(ENPZ)®(X1-X11)
ACIN$L)/24K22] )=ALINELD/24K2,1 )4 XX .
IF (N+GTe1) GO TO 12 .
Xx;TDllL‘fDSINH(BH)+TDIL*DSIN(GMJ)‘USIN(EMPZ*CSI) ]

- ALLeld=A{141)+XX . . T
Allc(M+1)/2)=(T01H*DSINH(ﬂMJ+DSlN(G")J*DSIN(EHPZ*CSIJ/TDIIM

ACLM$1)/201)=TD1IL* ((EMP2S*UFS-BMS5) *DSINH(BM) +TD 1L & (EMP 25¢ UF S+GM5)

1*OSIN(GM) ) . v
. A(jMfl)/2-(M+l)/2)=((UFS#EHPZS-BMS)*TDlM*DSINH(BM)+(UFS#
" LEMP2S+GMS)*DSIN(GM) )/TD11M )
i2 'XI=L(EMP25-UFIStBMS)/(UMS*ENPZS))tTDIM*thDCDSH(BM)
X2=((EMP25+UFI S*GM3 )/ { GMS-ENP25) )*GM*DCQOS ( GM) :
XX=29DSIN(EMP2 ) #DOSINI(ENP2)*(X1=-X2)/TD11M ' :
ALIN¥L)/2¢KoIM¥1)/2 )=XKX .
. +XL=TOLIM*BM*¥DCOSH{BM )/ BMS+ENP2S) -
< X2=GMF*DCOS(GMI/ {GMS NP 25)
CAX=28EMPZ*DSINCENP2)I*(X1=-X2)/TD1 1M
OALINFLI/2¥K2 4 (M+1 )72} =XX
GJ- TO 20 L

13 Xl==X1

" GM3=PHI5%X1
T GM=DSGRT(GMS)
IF (BM5.LT.Z2) GU TO 15 -
TD2M=GME (PULl S¥PHIS*EMP25-GMS)/ ( EM*(BMS—POIS*PH] SXEMP2S } ) -
TO22N=TO2M* 3M+GM - "
TO2L==3M/GM - .
TO22L==2%DS IN(EMP2¥CS1) /{ BME(UMS—PUL S$PHI S*EMP2S ) +TD2L % GM#
1(GAS~PULS*PH1S®EMP2S) ) ' ‘
X2={EMP25—UF IS 3M5) %SM/ { dMS+ENP 25)
X22={EMPZS—UF L S¥GMS ) #TD2L #GM/ ( GMS+ENP2S )
AX=28TD22L#DSIN(EMPZ)%USIN(ENP2) #(X2+X22) .
ACCNTL)/2HK o II=ALIN®LIZ 24K, 1 )+ XX
. X2=oM/(BM3S+ENP25)
(X22=TC2L*GM/ (GMS¢ENP2S)
. XX=28TO22L ®*EMP24DSINIENP2) # (X2+X22
ALUNSLI/2+K201 )=ALINTLIDI/724K241 )+ XX
IF (NeGTel) GO TO 14 . ‘ ;
AX=TD22L#( 14 TD2L )*DSINCEMP2#CS51] ) : N
ACLoI1)=AC1l,1)¢XX ‘ .-
1ed{N#1)/72)=(TD2M+1)*DSIN(EMP2%CS] ) /TD22M
(M+1)/72, 1)=TD22L % {(EMP2S®UFS—BM5)+ TD2L * { EMP 25 #UF S=GMS )

A(
Al
Al S)*

14  X13{(CMP2S-UF1S#BNS )/ (SMS+ENP2S5) ) *TU 2MEBM ,
K2=( (EMP2S=-UF15%GMS5 )/ ( GMS+ENP25 ) J*GM S
XX=2$DSINCEMP2) *DSIN(ENP2)* (X1 +X2)/TD22M | e
ACIN1)/724K o 41172 )=XX ' - , :
 X1=TD2M%BM/ ( BMS ¢ ENP 25 )
‘X2=GM/(GMS+ENP2S)

xx:za5n92¢osx~¢cupz)*(x1+xz)/Tozzu\ . - oAl

ALIN+1)/ct+K24{M+1)/72)=XX .
‘G0 TC 20 - ‘ '

v
.

IRETY H

) .
(M+l’/2((ﬂfl)/2)=((UFS¢EHP&:—BM’)tTD&n+(UF5ttMP2$—GMS))/TDZZH

M®(BMS-PUIS*PHIS*



e . LEMP2S)*DCOSH(BM}) _
.- o T ID22M=TD2M*BM*DCOSH (BM) + GMEDCOSHIGM )
- : TD2L==BM*DCOSHI BM)/ {GM®DCOSH(GM) )
v :o. TD221,.=—2%DSIN{ EMP2#CS1 )}/ (BH*{ UMS— PUISUPHISthPdS)*DCDSH(BMJ*
e ITDZL*GM*(GHS—POIStPHIStEHPZSJ#DCLSH{GH)J
o X2=(EMP2S-UF 1S*BM35) *3M2DCOSH({3M) /{BMS+ENPLZS ) o i
-xaa—(supas ~UFIS*GM5)¥TD2L #GM*DCOSHI{GM)/ L GMS+ENP 25)
;. XX=2*TD22L #DSIN(EMP2)*DSIN(ENPZ) #(X2+X22)
ACIN#L) /24K o 1) =ALIN+®L)/2¥Ke 1)+ XX
. "X2=BM*DCOSH(BN) Z/{ BMS+ENP2S) ~
. : X22=TD2L*GM*DCOSHIGM) /{ GMS+ENP 25 ) S
: XX=25TD22L*EMP2%DSIN(ENF2)* (X2+X22) -
ACAN+1)/724K21 J=ALIN+1)/24K2,5]1 )4 XX
IF (NGTel) GO TO 16
XX=TD22 % (DSINH(EBM) +TD2L*DS INH(GM) )} *DSIN{EMP2%CS1 )
Allel)=A(lel)eXX
I ACI o {M#1)/2)=(TD2M*CSINH(BM)+DSINHIGM))3DSIN(EMP2%CS1)/TD22M
T ALUM41)/241)=TD22L*{ (EMP25%UF>-BMS) *DSINH(BM) +TD2L%(
S 1EMP2S*UFS-GMS}*DSINRIGM) ) '
A(CIN+1)/24(MeL)/2)= t(UF5¢=Mpza-ansJ-ruzutosxuuxau)+(UF5tsupza-
1GMS )S$DSINHI{GM) ) /TD2ZM
1o XI=([EMPZS-UF1S*BMS)/{BNS+ENP2S5) ) *TO 2M*BM*DCOSH({BM) ' -
X2={ {EMP25S=UF1 S*GM> )/ (GMS+ENP25) )*GM*DCISH(GM)
XX=2#DSIN(EMP2) *USINIENP2)* (X1+X2)/TD22M
ACIN+L)I /724K {M+1)/72)=XX
X1=TO2M*BM*DCOSH(BM )/ {BMS+ENP2S)
A= LMIDCASH{GM) /(GME+ENP2S)
XX=28EMPLADSIN(ENPR)®(X\+X2)}/TD22M :
- A(lh+l)/2+K2-(M+1)/2) XX _ ‘ ’
20 CONTINUE . : .
* CALL OETERM (Aol DET)
. PRINT 110.ALMDS,DET o
110 FORMAT(? ® % ALMDS=*4#10+445.10Xs"DET="* +D20:5) - o
- ALMOS=ALMOS+DEL ' D o -
IF (ALNDS.LELDLIM) GU T0O 1 _ _ : ' ' ' .
) 5TQP ‘ . = RN
e .~ END ' . . N L S
P T SUBROUTINE DETERM lA.N.DET) ' Lo N o i
S © IMPLICIT KEAL®*B(A=H.0-2) - - .. o . o ol
' : JIMENSION A(99+59) ' ER A R
SIGNFle : . . Lo . . e T e
LAST=N=1 - o - ; o : . .
C °  START UVERALL LouP Fuﬁ(h-:) PIVUTS - ro O T ; |
c D0 200 1= l.LAsr
Er FIND THE LARGEST REMAINING TERM IN I-TH CULUMN FUR PIVOT
. 8le50e S B C ) -
. D3 50 K=1sN o
. TERM=CABS{A(K» )) i
. IF (TERM=B1GJ)50.50,30 o B : .
! 30 elozrsau , : ' o e
‘ ) ! ) ! . " v } '
50 caNTlNUE " , : T ] .
CHECK WHETHER A NUN-Z:RC TERM HAS dEEN FUUND R - R

IF (316380.60.50 | I

S el e . amm -wy —WE Cww S Smm SN BN

. as

T lana.,

' | ‘ ‘.../)

. - B . . . s .. N R
Yoo, . ' . . . ' . . . f . :
‘ -:f— . ' . . N Tt - .~ b v - . - iy
A | . : . ; . .“ ’ ’ . ) ’ .t ’ - a L oL . .
. . - . . 3 . : . . o ,"_ b - |

!
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(aYaYalN oY alal

AAA

PN

nOA ARA ARA

30

S0

100

A

120

‘ . .. .' . _39“_ ' o Lt'

[ " e

L-TH ROw HAS THE BIGGE&T TERM-===15 I=L

IF (1-L.)90.120,90 . .
I IS NOT EQUAL TO L.swltcu ROWS 1 AND L =
SIGN==51GN .
DU 100 J=1sN
TENP=A(I.J) - : '
ALl vJd)=AtL s J) .
AL+ J)=TEMP  ° , B

" NUW 5152ﬁ PlVOTAL REDUCTION . L
PIVOT=AKY,1) T ot
NExTaslkx - o

< FOR EACH OF THE RUWS AFTER THE I-TH
DA 204 JENEXTR N ’
MULTIPLYING CUNSTANT FUR THE J=TH RUW IS
CONST=A(J 1) /P1VOT )
NOw REDUCE EACH. TERM OF ThE J-TH ROW '

‘DG 200 K=14N

.200
o

- -
. 309
0 — -.. bo
.61
.
L ]
oot .
R
-
Y
v.'. a
-
ol
T
.
- .
I .
] ot
- - L)
. . T
i .
.
(-1
’ »
- -
r

A(JoKJ=AIJ.K)-CON5TtA¢l:K) ‘ v Ty
-END OF PIVOTAL REDUCTION—--NUU cuupurs DETERh;NANi

CET=SIGN -
08300 I=1,N; ° \ .
n:r:osraacx.x:r:o. ‘

[

821'3 o1 Sl LT
y z20e . . Lt . L )
- RETURN. . L T e T e

. ENO " A . : : R T

R .
T
t - url . e
* * - . .
. . . . e - . S
> . L -, ST ) ey
L3 e - s
.. - Cog e S .
N .. . L4 . -
. Lo B RAM
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-
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B N
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. //’)“ PROGRAM 8 :
i THISkIS AN ANTISYMHETRIC MODE SHAPE PROGRAM FOR THE

R:CTAhuULAR

ANTILEVER PLATE FREE VI1BKATIGN PROBLEM. WITH
- 'POINT SUPPORTS SYMMETRICALY LOCATED ON THE EDGES NORMAL TU
* THE CLAMPED BASE.{UNE POINT SUPPORT ON EACH EDGE)

CCCCCCCCCCCCCCCCGCCCCCCLCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCC

W

USAGEtzﬁTHh FOLLGUING VARIABLha MUST BE PROUVIDEOD;

le= K ;.A; DEFINED IN PROGRAM 7.

2e= CSI = AS DEFINED 1N PROGRAM 7.

de— PHIR -= 28/A FULL PLATE ASPECT RAT10.
Ge~ ALMDS = ;IGENVALUE.

-De= XKS = NUMBER OF PGINTS AT wHlCH THE DISPLACE-
' ’ MENT w IS5 REWUIRED.

6o pux = POISSUN'S RATIO.

IHPLICIT REAL*8({A-H,U-2Z)
DIMENSICN A($9,99)

g

-2

CCCCCLCLCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCC

(CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCLCCCLCCCCCCCCCCCC

C
C
C
C
C
C
C
Cc
c

CCCCCCCCCCCCCCCCCCCCCCCCCGCCCCCCCCCCCCCCCCCCCCCCCCCCCCCLCCCCCCCCCCCCCCC

C
C
C
C
C
C
C
C
C
.C
C
C
C
(d
C
C

CUMMON ZZ.PHI.PI.PHI&.POI.POlboPHIN-PHlNS-UFSoUFIa-ALMDS.CSIoK-Kl-

KS
K=222222222227232%22227

K3T22222?222022322222227

C31=22722222222°7272722227227
K2=2¢K

- K1=2%K=}

50

5

il
U,

5
31

22=3€00. -
PAlR= ???????????????????
PHI=PRIR/2.

C, ALMDE=2222223722222922227

PRINTSOWPHIR K s CSL s ALMDS

- FURMAT(*1" , *PHIR "oF7.4.10Ku'K

“'oF?.QoII//)
PRINTE] :

FORNAT(‘-'.SDX.'THE VALU:S GF EM-EN-EP.ANJ P#aARE-_./(/()'

AC=1e
PI=4 . #DATAN(C)

‘f;PHla_pnltPnl

| FOL322222722722222202227

‘PALS=2-Pul

PHIN=1+/PHL ~
PHINS=PHIN®PHIN -
JF3=PFCI#PHI1 S

'

=p.15.1oxi-csi

-

.

LS

=6.F1.4;10x.3ALMDs_

J—
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L s
i

.: A _-‘ ‘ i ..-396- | . .- '...- '. .. . .._“‘

. UF1SSPA1*PHINS, : - e . -
N EX T L3 . - .
1 . CONTINUE

c .~ . .
.gﬁ» '-INITIALIZE THE MATRIX TO 0.0

D02 M=l | : o - )

v DO 2 N=1a1-0 ™.

2 A(MeN)=0s0 = -~ L o ' '
L 00T Q- M=1eK 1 42 o - R :
"N 0U 10 N=leKle2 " A S
L EMP2sSMEPI/2. o L . L ’
. . EMPZ2SSEMP2%EMP2 - - : o ~ ‘
. ENP2=N#P1/2. . T . |
- ENP2S=ENPZ*ENPZ :
':Na-pHINSttENP25+ALM05*PH153 T .

: AN=DSCRT{BNS) 3
o, X1=ALMIS*PHIS-ENP235 co ’ o F
T IF (X141.T«0e0) GU TO 4 ) ' ’ R
SNI=PHINS®X1 . '

GN=USGRT(GNSJ
TolN“GN‘D»US(GN)*(uN:+ENP25tP01&¢PHINS)/(dN*DCU:H(bN)*(BNS ENde*
"LFALS*FHINS))
TJLlh‘BN#TDlh*DCLSH(BN)+GN¥OUUS(GNJ b
TO1P=0OCUSHIBN) Z/DCOS {GN) "
TO11F= dN#DSIhHIBN)+GN*OSIN(GNJ*TDIP ' )
VIF (N4GTale) GO TO 2
. ;g A(I-(N+1)/dfkl—{TDIh*DsINH(BN*CbIJ+DbIN(uN*CbI))to:lN(uNPa)/lelh
v A(l.(n+1)/2+xz)-(DCUSHtantnL—CSIJ) TDIP*OCUb(uN*(l csz)))suaxul

.- Y+ .1ENPZ2)/TOD11P
Tl ALINFLD/724K20(N¥1)/72+K)=(TOIN®BN+GN) /TOL LN

ALIN*LIZ2¥K s [N+ 1) /72HR)={{ JFIS*ENPIS~ BN;)*TDIN*USJNH(BN)+(UFIS
'1*:NP25*UNSI*DSIN(uN))/TDllN
- ﬂ((N*l)/2+K-(N+1)/d+K2) (UFIS*ENPZS*(1«TDIP)-BNS~- TDIPtuN:J/TDIIP
G- Al=({ENP2S- =UFS*BNS) Z/{BNS+EMPZ5) ) *TUl N*ONSDCUSH( 8N ) -
BRI -1 ((:NP25+UFS¢GNSJ/(GNS-:MP::))#uN*DCUS(uNj
: _XK«E'D&IN(EMP&)*DSIh(ENPd}*(Xl—X2!/TDllN .
e ACIMELIZ20INTL ) /724K }=XX
xn (lEszs-UFStBNS)/(BN&f:HPda))‘DCUSH(HN) '
(‘hNPEanFS#GNS)/(bNS-:MPZb))‘TDIP*DCUS(&N)
,xx—z*DSINIENPd)ttMpa*(xl+x2)/TDllP . :
ALAM#FLIZZo (N#+L) 724K Z)=XKX . o

- GJ TU 10 C S ST . S
4 Al=-X1 ' . . } 5 o

GNS=PHINS$X] . ‘ . Y
GA=DEQART(GNS) : ‘ : S Y .
IF (BNSeLT4Z2). GO TO o B
To2n= CN*(Pu1;¢PH1N5t&Nst-oNb)/(uNt(BNb-PUIStPHle:EszsiJ o "
TI22N=TOZ2N*BN+GN - .
TD2P=1l. . : . _
TUZ2F=ON=GN*TU2P : - T
IF (MeGTel) GO TO 5. : : . S e
T1E3T=8N=-bMN2CS] S S .. T
g8=1e . . ' - R . '. _ .
- IF (TEST«0T e60e3) DB=0, . L

A(l ., (h+l)/¢+K)—B*(TCZN*D:XP((GN#CSI ﬂNJ#B)tDEXP((bNtcsl-GN)tal),f
l'lD:lN(tNPd)/(TDdN*BN*bN)) ‘ , ..

TEST=EN*CS] v . A
. B=1e0 . R T e X e o
IR lI:ST.uT.b0.0J d=0.0" " et S e o T

u 1
. ‘.ll
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00 11 N=1.K | R

391- -/

ACLotNN+1)/ +K2)-B*(CblN{tNPd)/(BN—bN))*(DEXP((-BN*CSIJ*B)
=GN*CS1)*8))
ACIN+1) /24K2,{N+1)/24K)=0.0

T ALIN$1)/724K s (N+1)/724K2)=0.0

A{IN+1)/72+K 4 A{N#*1}/2+K)={{UF IS*ENP25— BN=)¥T02N+UFIS¥=NPZS
1-GNS)/TD22N

AL=( (ENP2S~UFS#* UNS) /{ NS +EMP25 ) ) #TD2N*3N

X2=( {ENP2S—UFS*GNS) /{ GNS+EMPZ5) ) *GN

- XX=2#DSINCEMP2 ) #DSIN(ENP2)* (X1+X2)/TD22N

CACCMFLI /24 (N+1) /724K )=XX

X1={ ENP25-UF S*BNS)/ (BNS+EMP25) .

X2={ ENP25S~UF S¥*GNS)/ (GNS+EMP 25 )

XX=2#DSIN(ENP2) $EMP2%(X1-X2)/TD22P

AC(M+1)}/2, (N+1)/2+K2)=XX

GO TQ 10 '
TU2N=GN&(POIS¥PHINS*ENP2S-GN3) *DCOSHIGN} /7 (BN* (BNS-POIS*PHINS*

_LERP2S)*DCOSH(BN))

TOZ2N=TDZN#BN*DCUSH (BN} +GN#DCOSHIGN)

- TD2P=DCOSH(BN) 7CCOSKI{GN)

TO22F=UN*DSINH( EN)-GN*TD2P*DSINH({GN) ,

IF (M4GTel) GO'TO 7 ,
ALl IN®LI/Z24K)=(TD2 h*USINHlBN*CSI)+DbINH(hN*C>l))#DSIN(ENP2)/TD¢4N‘
AlL o (N#+1)/72+K2)=(DCUSH(BN*{ 1= =CS51))-TO2P*DCUSHIGN*{ 1-C51)))* .

JUSIN(ENP2)/7TD22P

ALIN+LI/724K2(N+1)/724KI={TO2N*BN+GN) /TD22N .
ALIN*1)}/72%K o IN®1) /724K )= ((UFI:#ENPEb—BNb)#TDZN*DSINH(BNJ+(UFIS#

LENP2E-GNS)I*®DSINHIGN) ) /TD22N

ALIN+1)/724K s IN+1)/729K2) = (UFIb*ENPEb*(I-TDZP)-BNbfTDEP*uNS)/TDEZP
X1=({ENP25-UFS*ENS) /( BNS+EMPZ2 ) ) *TU2N*B8N*DCOSH( BN) ‘

TKZ—((ENP25—UFS*0NS)/(GNS+EMPZS))*uN#DCUSH(bN)
- AX=2%DSINLEMNPZ ) $DSIN(ENP2)# (X1 +X2)/TD22N

AC(M$1) /724 CN+L ) /24K )= XX
X1=((ENP25~UFS#HNS) /( BNS+LMP2S ) ) $DCUSHIEN) © |
x&—((tNPZb-UFStGNS)/(GNS+EHde’)‘TD&P‘DCUSH(uN)
XX=2#DSIN(ENP2 ) sENP28(X1-X2) /TD22P - .
ACCNALI/2IN*L I Z24KBI=XRX - R ] R
CONT INUE : b R
ALN+K2 e N+K2)=—1 o b

DO 20 N=1+K1,2
DU 20 M=14K1,2
"ENP2=N*PL/Z2¢ -
ENP2S=ENP2*ENP2 -.

. EMRZ=NEP1/24 : S Co

EMP2S=EMP2XEMP 2 : - . : S -
EMS=PHIS#{ ALMUOS+EMP25) . .

EM=DSQARTI(EMS)

X1sSALMDS—-EMP2S .

iF (X1eLTe0<0) GU TC I\J

GN3=PH]IS*X} ' , .
CYM=DSCRTLOGNMNS)
TDIﬂ—GM‘(UMb*ENPBS*POIb*PHIS"DCUS‘GH,/‘BM‘(BMS EMP2$*

LEQLS+PHIS)*DCUSHI(BM))

TO1l 1M= BM#TDIM‘DCOSH(DH)+GM¥DCUS(GM) o
TO1L==MEDCOSH{BM)/ {GM*DCUS{LM) ) . i
101lL-—2*DSlN(tHPZ4CSl)I(BM*(BHb-PUlb*PHlS#EMPZS)*UCUSH(BM)--w

1TOIL*GME(GMS+PO1S*PHIS*EMNP25)*DCOSIGM) ) _ .
-Xl-(ENPZS-UFlb#BHS)4BM‘DCUbH(dﬂ)l(BHSfENPdS) . S

All= (EMPZS*UFIb’GHb]‘TDlL'GM‘UCOS(bM)/(bMS-ENPZ&)
XX—Z&TDIlLtDSlN(EMPcJ*DSlN(ENPE)t(xl-xll)
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ALIN#LI/72¥ Ko LI=ALINFL1I/24K, 134 XX : '
X1=pMNExDCLSH{(BM) /{BMS+ENP2S) ' ' :
XL1I=TD1L #OLGM2DCOS{GMI/L{GMS=CENP2ZS)
CAX=23TOLLIL*EMP2*DSINI(ENP2)® (X1 -X11)
A(INTLIZZ4K23 1 )AL (N L) 7+ 2, 1)+ XN -
IF (hNauTel) GO TO 12 -
Xx= TDllL*(DSINH{BM)+TDlL4uSIN{bM))tDSlN(tMPdtCSlJ
AllsLi=A(11)+XX
AlLl.{N#+1)/2)})= SITDIMLSINRIBMI+USIN GMIIFOSINIEAF2%CST)/TOL1M
A((M*l)/;.II—TDIIL*((:MP2$#UF; BMSJ*DS!NH(BMJ+TDIL*(EMP2$*UFS+uhbJ
1#0SINI(GMY)
. A((H*l]/dl(“fl)/2)*((UFB*LMP33-BMS)*TDIM*DSINH{BM)*(UFs*
T AICMP2S40MS)*DSINIGM) )/TOL1 1M
12 X1=({(cMP2S-UF]1 S*BMS)/(BMSHYENPZLS) J*TD1IM*¥SMEDCUSH(BM)
RE=((EMP2S+UFIS*GMS I/ GMS=ENP2S) ) *6GM¥DCOS (GM)
AX=2BUSIN(EMPZ ) *DSIN(ENPZ2)E (X1 =-X2)/TO11M
ALINTLIZ724K 4 {M+1)/2)=XX .
- X1= Tulﬂ#bM*DCOSH(BH)/(BMS+ENszJ
X2=GN2DCUSIGM) 7{GMS~ENPLZS)
AX=2EMP22DSIN(ENPZ )R (X1~ XEJITDIIM
ALINY1)724K2,(M*1)/72)=X2
ed Tg 20
i3 x1=-=-x1
.. 'GM3=PH1 SxX1
GM=USURT {LMY) ‘
IF (EMS.LTe22) GU Td 15
Toan—uM¢(PDIStPH1;*Edp)a uMa)/(BM*(de-POlStPHlS*EMPZb))
TUu22N=TDZMEXEM+GN .
TI2L=-8Br/GM
TuzaL—-dtDSIN(hMP2¢C=l)/(th(BMs-PUlb*PHIS*EMde)+TDdL*bM¥
J{GHS~-PULS*PHIS*®EMP2S5) ).
X2={ EMP2S—-UF IS*BMS) *8M/ ( BMS+ENP&S) -
X2Z2=(EMF25—UFr1 S*GMS ) X¥TUL2L*GM/{ GMS+ENP 25 )
K&—d*TDEdL‘DblN(bMPE}*DSlN(ENPd)*(Xd+Xd£J
,A(lNol)lctx.I)—A((NflJ/A+K.1)+xx
C X2=gN/(BMS+ENP2S)
X22=TL2L*GM/{UMS+ENPZS)
XX= ectoazLatMPZ*DSIN(cnpzjt(x¢+x22)
FALINSLIZZHK2 ol ISAL (NS L)/ 24K 2,1 P+ XX
Lt IF (NGGTel) GLU TU 14
.‘xx—IDEZLttl+TDZL)*O$lN(EMP2tLal)
CACTel)=ACLs1)4+XX !
CALLe{M+L)r2)= (TDZM*]J*D:IN(:MP&*C:IJ/TOZEM
gA((M+1)/£.l)—TDZAL#((EMPda*uFa-BMb)tTDstttMPdStUFS -LMS) )
vt AL ML) 20 {MHL ) 2)= ((UF;#EMPZ:-BMS)tTDZM+(UF:*LMP£S—uMb))/Tozad
A& K1={{cMPLS=UFIS*BMS )/(BMSH+ENP25) )*TD2M&EBM
- T RE=LLEMPZS=UFI SEGMS I/ { GMSH+ENPZS ) J2uM
T XXS290SINCEMPZ ) #DSIN(ENP2 ) E(XL +X2)/TD22M
o ACANRLIZZEK o IM$ 1) /72)=XX
T XA=TDZ2M*BM/ { EMS +E
IR d-bﬂ/(&ﬂbeszs

-

G0 ‘IO 0
13 Tuzh-gmtpulbwh
"lnupaSJtDCOSH(BM))
'1322M—TD¢M¢BM10COSH(UM)+CM
TI2L=~BMECCOSHIBM)/Z (GM*OCLS ' ‘ )
" TOR2L==2%DS IN{EMPL*C5]1 )/ (EM MS- PUIa*PHlb*EMPE:J*DCOSH(BM)f--, o
1TaaLtout(uuS-Potatphlaatnpz YFDCUSHL GM) ) ' .
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" .SUBROUTINE: DETERM (AsNsDET) . e

JFINO THE LARGEST REMAINING .TERM IN 1=TH COLUMN FOR PIVOT: .

2399

XZ=(EHPZS~UF15*BHSJIBM*DCCSH(BMJ/(BHS+ENP2$)

| X22=(EMP2S-UF1S*GMS )*TD2L #GMeOCOSHIGM) /{ GMS+ENP 25)
XX=24TO22L *¥DSINIEMP2)*¥DSIN(LENP2) *(X2+X22)

ACINFL) /724K 1)=SACIN#L) /24K, 1)+ XX

X2=BM#DCOSH{BM) /(BMS+ENP25S)

©. X22=TD2L*GMEDCOSHIGM) /{ GMS+ENP 25 )

XX=28TD22L%EMP230SINIENP2 ) (X2+X22)
ALINFLIZZH#KZ2 0] )AL N+ ) /K20l I+ XX

IF (hNaGTel) GO TC 1o
XK=7022L*(DSINH(BH)+TDZL*DSINH(GH)J*DSIN(EMPZ*CSI)
AlL»1)=ALLsl)+XX . .
A(Io(H+13/2)=(T02H¥DSINH(BM)+DSINH(GM1)*DSINIEMPE*CSIJ/TDZEM
A((H*l)/ZaIJ=TDZZL*((EMPES*UFS—BHS)*DSINH(BHJ+TDZL*( .
LENPZ2SIUFS—GMSI*¥DSINKIGM]) ) .
A((K*l)/zc‘Mfl’/2)=((UFS*EMPZS-BMS]*TDZM*DSINH(BM)+(UFS*EMP2$-
LGM3 ) *CSINHIGM) ) /TD2ZM
Xl=((EMPZS‘UFIS*BHS)/(BHS+EN925]]¥TDZM#BM¥DCOSH(BH)

X2=({ (EMP2S-UFIS*GMS )/ {GMSH+ENP2S) J*GM*DCOSH{ GM)
TAX=2%0DSIN{EMP2 ) *DSIN(ENP2)}S (X1 +X2)/TD22M

ALINFL) /24K (M¥1)}/72)=XX ' ; .
X1=TO2M*oMEDCIASHIBM )/ (BMS+ENP2S)

X2=uM*DCUSHIGM) /I GME+ENP2S) *
X&=2¢EHFZ*DSIN(ENPE)#(XI*XZJ/IQ@BH

ALIN+LI/724K2 o IM$1)/2)=XX :

CUNT INUE :

00 30 M=1,1

TENP=A(Myl—-1)

A{Me L~1)=A(M4i)

A{M¢ 1 )I=TEMP

CONT INUE : o S
CALL ODETERM (AsI,DET) L L u
PRINT3]

FORHAT(‘I‘olOX.'XXXXKXXXXXXXXXXXXXXX'-IOX}QENQ';IOKo

T OIRXKXXXKXRLK XK XXKXX XX ? )

sTOP . : o co
END : . - .
vIMPLICIT REAL*8{A~H,.0-2) e o
"DEMENSION A{S9059)s X{99)sEMIT5) JENCTS) +EP(75)
- EIGN=1e ) ‘ . . I
M=N-1

LAST=SM-1 . . :

START avckALL-Luop'Fontn-x)‘Pivst

DO 200. 3=1,+LAST ‘

00 50 K=1¢M - R ST
_ TERN=DABS(A(KsID)"" . L S
IF (TERM-BIG)S0,50,3v = - D
.BIe=TERM A . : _ : ‘
L=K. SIS _ o T PO
CGNTINJE.. o SRR :
{CRECK '#hETHER A NGNZZERC" TERM HAS BEEN FOUND
fl#?(ﬂiﬁ)ép?ﬁﬂ;ﬂﬂ : 13;,j-" - o ‘.*‘Tf  ,¥.:V&£j"‘T%%1
DI 3 # o B S
~ e L bt




—— e e
v

S . coe . _400- .
_, St . ' M - . -
' . - 4 . .
g
< —TH sou HAS THE BIGGEST TERM——-—IS 1=L
c
c 80 UF (1-L)90.120,90
) é 1 IS NOT EQUAL 'TO L ,SWITCH ROwS 1 AND L . : R
- 90 D3 100 J=1.N ’
TEMP=A(I +J) . .
AllIsdd)=Aalt pJd)
100 A(LoJ)=TENP
i N . .
. C NOw START PIVOTAL REDUCTICN
) & ‘ . _
. 120 PIVOT=A{1.1) : ‘ U
NEXTR= I+l ‘ : :
O FUR EACH OF THE ROWS AFTER THE 1-TH

" bu 200 J—NExTR.M

'.MJLrIPvaus CONSTANT FOR THE J-TH ROW iS N
,li'cousr-A(J.I)lplvuT S ' : _\ _ _fﬁu- | L
NOW REDUCE EACH TERM OF The Jf?n.nuu '

e .~"" D3 200.K=IsN
: aoo AtJ.&:-A(J.K)—consrtA(x.K) -

: jEND aF PIVOTAL kEDUCTlDN—- PtRFDRM BACK SFBSTITUTIDN.

)

Tann NN ann

N
I3

.,
nnn

3]‘5 - : [uENgéo ;=I.M '.:. .

" " IREV 15 THE BACKnARD INDEX,GOING FROM M BACK TU 1
ﬂilncv—u+l I - . .

" GET Y(IREV) IN PREPARATICN S |

Y=ACIREVWN) - - S
AF (IREV=M)" 400.509.400 : I SRR .

. nar .cnxxna CN~LAST Ruu.l xs 2 Uk GREATER
400 00 .450 J=2.1

(aYa¥a! ﬂhd

-‘FOUND VALUES -

Hﬁnﬁ PaYalal

o KENeled ' RS R

\ -', ﬂhh
[T

N -~ B
o -

x(lREv)-Y/A(lREV.lREVJ 'a‘ L T

c N s e
e ¢ "~_rluo AND PRINT EM.hN.EP.ANo Pe 3 3\ e
;':. 1 .::\1 \ w' )

% 4ORK BACKuARD. FOR x(NJ.X(N-!)-f*ﬁ--SUBSTITUTlNG PFEglUUSFY N

‘450 Y=Y-ACIREV,KI®X(K) - .0 U0 e Sl e
" FINALLY ,CUMPUTE x(lﬁ=v3 Co R T S



L=(h-1)/3
00 550 1=1,L .
J=2%]1-1 ’ . . ' ) ) e
K=.J ) . : ' N . *
eM{J)=Xx(1) ‘ T : ’
ENCII=XLI+L) ‘
IF{ 1l .£Qel) GG TU 5S40
ERP{J)=X(1+2%L)
=X{3#+ ) ‘ L
o0 TC 550 ' ) 4
540 EPLJ)=—-1. . . :
553 PR‘NT&OO’JIK.K-JO_H(JjlKlEN‘J,’K.EP(J,
600'FGRMAT("'|'M='01 3X0'5='01213X"P='.
IJISISOSXO.EN(..IZD ) ='.DIJ.5.SXU'EP('
i*Px =0,p13.5)
PRINT6O01 ’
631 FURMAT(® 1% 30X+ " THE ANTI-SYMMETRIC MUODE SHAPE DATA AREZ® //77)
CALL SHAPL (EMSsENEP,P} :
50 RETJURNM
END
SJBROUTINE SHAPE (ZEMJENLEPLP) .
IMPLICIT REAL*8(A-H.,U=-2) ° . - "
CgMMDN ZZ.PHIoPlQPHIS.PUl-pDIb-PHIN|PHINS.UFS,UEIS-ALMDS-CSI.hoKlo
1K
JIMENSION il(alozl)nid(Eanllodaiallzl)QHQIZI.21)-“‘21.21’
. LeEM(75) +EN(75) ,EP(75)
KS1=KS+]} . o * : -
ETA=040 . : ’
CO 650 I=1.K51
P31=0.0
U €40 JI=],KS1 . . -
wll=0.0 ' . ' ) ‘
n22=0.0 ’ )
w33=0.,0 : .
A44=0,0 . - o S : '
Od €20 N=1eK1,2 . ’ g C.
ENP2=N*P1/2, e o .
. ENPZ2S=ENPZSENP2 \ r ’
L EN5=PHIh&*‘ENstfﬁLHDS*PHIS) ) I
BA=DSORTI(BNS ) , .
X1=ALMOS*PH]IS=ENP2S
IF (X1.LT20e0) GO TG 005
GNS=PHINS® X1 - . '
" GN=DSGRTEGNS) : - ' ‘ : '
- !DlN=GN’DCDS‘GN,‘(&BS+ENP25*PUIS‘#HINS,/‘BN‘DCUSH(BN’*(ﬁNS‘ENpZS*
S 1PJIS#PHINS) ) - R - ’ :
‘TDIIN=BN¥TDIN‘DCGSH(BN)iGh#DCUS(bN) )
T TOLP=DCGSH{BN) /DCOS(GN) - :
S TDIIP=EN.DSINH‘BN’*GN*DSIN(GN’.TDIP
. AF (ETAEQeDav) Gu TU 002 S .
. AF (P31+EQe0+0) GO TO 0032 )
”.Kﬂz=Eh(b)'lTDIN*DS!&H(dN*PSI)*DSIN(hN‘pSlJ)*OS]N(ENPE‘ETA]/TDIIN
, IF _(P51e+E0e1e0) GO TU 601 : '
‘ X¢3=Ep‘h)*(DCOSH((I-PSI)*EN)-TDIPQDCCS((I-PSIJ‘GN))*DSIN
MENPZSETA)/TOLLIP . . .

Y T
12.5X.'EM"'12|" =0,
sl24%) =% 4yD13ua589Xs

. GO IG 604 : = : .
©0L X43=EP(N)*(1-TDIP)*CSIN(ENP2*ETA)/TDLIP L s ‘
- G0 TO 604 . . g : .

602 Xa2=000' ' B )
Xa3=2g o9



. -402-

GO TC 604 .
003 xu#2=0.0 o
Xd3=EP{N)*{DCOSH{BN)}- ~TOLIP*¥DCOS{GN))*DSINL{ENP2*ETAM/TID1 1P -
004 W2(1 4 J)=w22+Xn2
B3{1l e JI=SNII+XW3
822=02{(1+J) )
w33=a3C1.,J) \
. Gl TC 620
03 Xi=—=Xx]
© GN3=PHINS*X1
GhN=0SCRT (GNS)
. IF (BNSeGTe2Z2) GO TO 610
- TO2N= GN*(PDIb*PHle*tNPéb—GNSJ#DCOSH(GN)/(dN*(BNb PUIb*PH!NS*
1ENP2S)*DCUSHIBN)Y)
TU22h=TD2N*BN*DCOSH(BN) +GN*DCOSH (GN)
TD2P=UCGSH{ BN) /DCOSHh{ GN)
TO22F=BN*DSINH({BN)- GN*TD2P*DSINH{GN)
IF LETALEQ.0.0) GU TO 6C7
1F ‘psl.EQCOOO, GO 1O o008 ‘ T
XKdZ2Z=ENINI®*(TDZN*¥DSINH{BN=PS5])+DS INH{ *PS))I*USINCENP2#ETA)/TD22N
S IF (PS1l.tQel.0) GO TO w6
xi3-EP(N)*(DCUSH((1—PSl)*BN) -TDePxDC SH((I—PSlltGNlJtDSlN(ENP2$
IcTA)/TD22P
ol TO 6U%
&606 x'3—EP(th(l—TDZP)*DSIN(tNPE*tTAJ/Tuzzp
: GO TG 609
007 Xw2=0.0 -
Xat3=0a0
GO TO 609
603 Xu2=060 ) :
XdI=EPIN)* (DCUSH(BN)- TDEP*DCUSH(GN])*DblN(LNPZ#tTAJ/TUZZP
009 w2({leJ)=n22+XW2 .
w301 e J)=WIA3+XW3 )
az2=82(1,J4) Lo . T
w33=ndll +J) ' '
GO TC 820 - -
0ld TOAN=GN®(PO]l S*¥PHINS*ENPL S~ GNSJ/(BN*(BN;—PuIb*PHIthtNPdS))
IF (ETAEQ.040) GO TU 612
IF (PSlIleEUe040) GO Tu 612
B=1.0 -
TEST=BN-BN®PS] L.
F (TEST40T +00.0) 3=0.0
Xw2= BOENIN)ttTothoexP((BNGPSI dh)t8)+otxP((GN*P51 ~GNY*xd) )
ltoalNlEN92$hTA)/(BN*T02N+bN)
TEST=8N*PS]
" 3Tle ,
iF (tEST.uT 60«0) B=0a,
Xwd= EP(NJ#(DE ({—oN&PS1)%B8)-DEXP{(~ GNtPSI)*B))*DSIN(ENPd*ETA)*B
17(3N-GN) _
GO TO 614
612 Au2=0.0
Xa3=0.0" . .
614 w2(led)=N22+Xu2 ] . . : )
-0 M IsJ)=u334Xn3 . . ‘ o )
A22=w2éleJd) . . . ‘ I .
. #33=w3(]l.4) : . - . . i
620 CONTINUE ot ) T : )
. 00 630 M=]14K1,2 7 ' . . : el e Y
"EMP2=MePL/2 4 - : S .
EMP2S=ENP2*EMP2 : : - R



#

' ;uoa-'

BMS=PHIS*{ ALMDS+EMPZS) -
BM=DSQRT (BMS)
ZALMDS—-EMP2S

IF (X1+L.T.0.0) GO TC 625 ) : .
GMS=PHIS*x] : '
GM=VUSQARTIGMS)

TD1M= GH#(0M5+EMF25¥P01=*PHISJ*DCGS(GMJ/(bMt(BMb EMP2Se
1FQIS*PHIS)*DCUSH(BM))

TO1lIM=BM*TDIM*DCOSH(BM) + GN*#DCUS{ GM)

TOLL=—BM*DCOSH(BMI}/ (GMEDCGCSIGM) )
TO11ILE~24DSIN(EMP2*CS1 )/ (BM*{EMS-PUL S*PH] 5*EMP25)*DCOUSH(BM) - TDIL¢
1GM*{GNS+POIS*PHIS*EMP23)*DCOS(GM ) )

IF (ETA-EU.0.0) GO TO &22

IF (PSI.hQ.O-OJ GO T0 022

XWl= EH(H)*(TDIM#DSINH(BH:ETA)+DSIN(GM¥ETA)J*DSIN(EMP&*PSIJ/TUIlM

| XW4= P*TDIIL*(DSINH(BM*&TA)fTDlL*DSlN(GM*ETA))*DSIN(EMP2¥PSI)

622
6&4

Gd TC 62 - . .

XW1=0 .0 - . . T R . : ' ‘.
XKW4=0.0 ’ Coe .

il(loJ)~Nll+XU1

co4lled)=n4a+Xus

all=wnl(lesJ)

T mud=nG(laed)

623,

15

626

€27

GO TO 630

Xl==-X1-

SMS=PHIS*X1

GM=DSART (GMS )

1F . (BMSaGTe22) GU TO 627

ro2M= GM*(PDIS*PHIS*EMPZS—&MS)tDCGSH(bMJ/(dM#(dMS-PDIS*PHISt
LEMP2SI*¥DCUSH(BM) ) .
TDddN~T02M¢BM¢DCO$H(BH)*bM‘DCDSH(GM)

TO2L=-BM*LCLUSH{BM)/7 (GM*DCOSHIGM) )
TJEdL——Z#DblN(EHP2#CSIJ/(BM#(HM$—PDIS*PHL:*EHP&S)*DCUSH(BMJ*\
ITOZLEGME(GMS-PO ]I SEPHIS*EMP25)%DCOSHI GM) ) . : i
IF (ETA«EQ«0.0) GU TO 6206 . ’ :
. IF (PSlaEWQ.0a40) GD TU 626

Xwl= :HIMJ#(TD&M*DSINH(BH‘tTA)+DSINH(GM*ETA!)*DSIN(EMPZ*PSI)/TDZZM
xi4—P*TD£dL*(DSINH(EM*:TA)#TU&L*DSLNHIuM*ETA))#DSIN(EMPE*PbIl

Gl TO 629y .
Xal=0e0Q . S 3
AW4a=0,0 : ' B
GO0 TO 629

TaZM= hﬂt(PUIS*PHIS*EMPZ&-&MS)/(EM!(bM:-PDISlPHIb*tMPZS))
TU2L==UuM/GM

TOc2L==2¢ tuSlN(tMPz:Cbl)/(dM*(BMb~PUla*PHlb*EMde)+T02L#GM*(6M3-
1RUIS#PHISCEMP25))

IF {(ETAEUL0.0) GD Tu 628

IF(P51.EQ.0.0) GU TLC 628

=1,

a

. TEST=BH~BM®ETA

IF (TEST«GTeb60e) o= Oo
Xll—tﬂlﬂ)‘(TDZM*DtKP((BM#bTA-ﬁM)‘BJ+DEAP((GM‘LTA—GM)¥B))*B*DSIN(

LEMPZ2#PS1)/7{TDZ2M*BM+GM) '
) K*4”53P*TDzdL*(DEXP((BM*ETA—BM)*B)+TD£L$DEXP((GM#ETA*GMJ‘H)J*DSIN

623 Xd1=040
- 629

L{EMP2#%PS1)
auJ TO 629

Xd4=0a0 © o e
wi(Ied)=nll4Xw] :
sl led)=waa+xus




- ':‘. . . .
£ .
. . . . ;uou_ . _ A . l'
! .
- i’

) wll=wi{l,J)
. . - was=aq(l.d) _
© 630 CGONT INUE . , )
‘;f? WllsJd)= Il{l-J)+t2(lsJ’+h3(l|JJ+IQ(I-J) ) :
PRINT 635, PSI.&TA.I.J-UI(lsJ) choﬂifloJJol’JoI3(loJ) I-Jn )
633 FORHAT("' *pPsS1 =» 'F5-303XQ‘ETA PeFSa3e3Xs'W1(*312,4" *®s12."
' IOIZO-IJXO.‘E('.Iao'. o120°) ~'.012.5-dx.'h3('-ld. U.OIZO j'= - ;
ID12aSsdXe*wa{® ,12,° PelZy) =» 2D12650/) - . o
. PRINT¢36-PSIoETA.lsJ:l(I.J, IR .
636 Fanuan--'.zox.mm —'.Fs.a.cx.-tu =W F5e3548Xe o L
LAl l248 40 ,J2,0) =* .D12.5) . e L T
o PSi1=PSl+1. O0/DFLOAT(K3)} . o . - - - S we!
. 640 CONTINUE ' ) : : -
SR :TA—ETA*I-Q/DFLUAT(KSJ ) . -
) ©50 CONT INUE e T . e T R R
e RETURN -~ -~ . N ) S S T
: .. END " - ‘-. ‘.'l Lot - '_. . '-c o 5 ‘, . ' . o BN
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. . e
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- .. C . Chnt




X ! '- ..n ‘. - - !
) - . ' -
. : .
: - 1 .
Lo j- -lp5-
." " =
. - - -, .
"_ - . . .
L L
-.. . . .. ~
» N r
- . ' : : .

C‘CC#( CCCCC( C(CCCC cccecocecocecceccecceccceccec CCCC cceeeeceececcecce CCCCCCCCCCCCCCC

4
¢
<
L ¢
E-” : PROGRAM § ' _ : C
.“.' A . ’ c
Soeh YHIS IS A SYMMETRIC MODE EIGENVALUE SEARCH FROGRAM c .
¢ OR THE RECTANGULAR CANTILEVER PLATE FREE VIBRATION PRIBLEMe c
< ITH FOINT 'SUPPCRTS SYMMETRICALLY LOCATEC CN THE EDCE PARAL o c
€ LEL IC TEE CLAMFED EASZe C
< . S C .
gccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccc
. cccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccc
| 3 ' , . c
; ¢ | LSAGE : THE FGLLCWING VARIABLES MUST BE.PRCVIDEL: <
- ¢ ' 1e= Kk = ThE NUMBER OF TERMS TC BE USED IN THE. SERIES ¢
; < : 'INVCLVECe FOR 5 CIGITS ACCURACY USE K = 304 ,,g
1 - P ( A o' .
C" \254 CSI = 0 TC 1+ PROVICING T+E CIMENSICNLESS DISTANCE . ¢
I OF THE' POINT SLFPORT TC THE X OR FSI AXISe ° C.
. < _ SEE FIGURE 3424 . , _ ¢
A - ‘3e= FHIF = zB/A, IS THE FULL PLATE ASPECT RATId. :
1 e o ‘ .
L e -~ 4e= ALMLCS = AN INITIAL STARTING VALUE FCR TFE SIGEN= c
P fig o | VALUE SEARCH. . E
EESRRY - . Se= CLIM = A FINISHING OR EIGENVALUE SEARCH ENDING C-
s T 7 LIMITe 1T INSTRUCTS THE COMPUTZR WHEN TC . C
. < _ _ Lo FALT EXECUTICA, ¢
o S N i €e= CEL = EIGEhVALUE INCFEMERT. g
- - € Vi e . :
S "E N " Te= Fox = PCISSCA*S RATICe ) : g
k . -‘cccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccc
-‘ . (.
B e IMPL JCIT REAL¥B(A~H0~2) L
b SIMENSICN.A(S9+56) -
- .  K=T19?277222772%737% 7?1:7?7?1? o
: e T22=36C0 - - -
T T CSI= I 17729709377997°9272227272 C IR _ o
;o . BHIR=7722772720929719920990227 g S UL N
- o FRI=FFrIRs2 . - . o el
v .y "PRINTEGePHIR 4K, CEI T e - SR
. .59 FCRN:T(;!'-!OX-'FHIF Tt sFLeds10Xe*K S44T4410Xe*CSI = ,FRadssrr/)",.
L ) L €=1e- . ‘ T T T . L K
: R F1=429CATANCCY - et ) EE
? g EHIS=FHISPHI . 4 T e .
S .Fjlsii??????i??????1???? 21772 _ L - -
. . FOIE2Z=FCI C oo e 3 S
oy o FHINZ1e/FHT - - B PR B PR R
LN . FHINS=PRINSPRIN & - S T RS
;T TT Y LURSSFCIREHIE . ST e - e
oo Lt e LFESSRTIMBRINS o0 v o e T e e N
- N B S | | s
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=23K
ALMLCE=E=222777
CLIM=?2227727
CEL=2227227
CCNTINUE

" =) w)
-o-u-u
LMY
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=) mi
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) a) w)
YN VY]
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LV Y]
n) m}n)
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N

INITIALIZE ThE NATRIX A

E : S ]
l'K ° - . * : ’
sh42%¥K)=~1, . . v
=1eKle2 ' : : ‘
=1eK

JN=N-1

C EMPZ= N#FI/2-

EMFRS=SNVF2%ENVP2 _ | : -
SNP=JR®E] : o 2
ENFS=ENFAENP | : : S

ENS= t1./FH1s:*(EthENp+ALrns*ph1=:

EN=DSGRT(BNE),

21=ALMDSIFHIS~ENPRENP SR : .

IF .(71sLT4040) GC TC 5 : ’

GNS=(1e/PHIS )®X1 ST '

CN=DEGCRT-AGNS) | SRR i
x=PCISHFHINSLENFS . s

. TD01= (Eh*ﬁBNS-x)iCCO‘H(Bh))/(GN#(CBS+XJ*DCCS(GN)) 4

"TD1P=CCCSHIBN) AL COS (GN) 4
ngt=;BthCC‘H(Eh)/(hN*CCCS(uN)) . R Y

L=1e . o
1F (h;ﬁC-IQO) DL=2es ¢ '
Tot1lL Z*Dccc(EhF*CcI’/(DL*(BN*(EBS‘X’*DCCSH(BN) TDIL*GN*(GNS*K)
"180CCE{GN))) :

=UF 1S9ENFS
TI14iN= EB*DCGSH(ER)+TDI‘CB*DCU
TD11P=BANKDSINHIEN )+ CNSTL 1P2DSI]
IF (NeGTelae0) GC T 4
ﬁ(Lsh*K) (DSINHCEN)+TDL13CSIN(

= Ci1P)#DCOS(ENP*

SEENPS-ENS)#*D

+TD1%2GN) /TD11IN S
(1~TD1P )=~ BNS=GNE#TD1F }/TD11P

(x- ENS)*CSINH(BN)fTDIL*(x+GNSl*DaIN(GN)) !
Y (BA+TDILEGN) .
EN)QTDIL#CSIN(GB))tDCGS(EhPtCS!) : -
<

ENF®CSI)}/TD11N
1*tUF15tszs+GNs)t

-
o

4
L3
'
L
=
-

(Gh)
IN({GN)

GN) )#DCCS(
CSII/TDIIP
Slhk(Bhli

2¢K0L) T

EhFS—UFS*BN-)/(BNS+EMPZS))tEh$DCCSH(BN) "\
Elt('NP‘+UF=*uhS)l(GNS-’MPE‘})¢CN#DC’S(GNJ
(OE(ENFI¢D‘IN(EMPZ)/1DIIN)1(xl—x:l
137Z2eN4K)=xX$2 40
ENF‘-UF‘*BNS)/(BNbiENPZSJ)1ECOSP(BNI ‘ T
tht(EhFS+LFS$CNS)I(CN‘wEMQ:S)DODCCS(GBJ o -
CCCS(ENF)XENMF2({X1¢X2)/TD11F: o

1) /2+N#ZEK )=XX . )

'E Ps—UFctah=J/(st+EwP¢53)tENtocnSH(uNl , '
( th+LFstGN¢)/(GN¢-=MFzSJldGNtT:lLtcccstah)

1
1

MNP -



~407~ N

W-EQTDIIL*DCDS(ENP)*DSIB(EPPZ’*(XI -x11) , N e
A((Pfl)/Z-L)—A((P+1)/2oL)+XX -
cQ IC 10

*1==>1

. GNS= (l-/PHIS)#Xl

CN=DSCRT(GNS) -

X=FCIS*FHINS3ENFS

IF (ENSaLTe22) GO TC 6 ’ . )

TO2=EN%®{BNS- X)/(Gh*(x ~GNE)) . -
TC2L==8BN/GN N
T02F=1e0 . :

X=UF JES*ENPS .

TD2Z2F=BN—=GN -
T1022°M=EN+TD2%GN .

EL=1.0

IF (MNeECele0) CL=260 . :
TI22L=—Z#DCCS(ENP*CSI )/ (D L*(BN#(EhS-FCIS#FHINS#ENPS)*TDZLtGN
1V {GNE=FCIS*PLINSAENPS) ) )

IF (MaGTele0) GC TC 7

B{LsN+K)= (lfTDZJ*DCCb(ENP*C‘I)/TDZ2N

FLL«N42¥K)=040

ACN+ZAIK WL )=040

A{N+K 4L )= =TD2ZL* ({X—ENS) +TD2L%( X—-GNS ) )

2X=TLZ2L2( 1+TO2L)*DCOS(ENF%®CSI)

AlLosL)=A(L+L)I+XX .
AIN+K s h+K)=( X—BNS+TL2%{ Xx—GNS))I/TCZ22N -
AINHZEK 4 N+K )=De O

A{N+k JA42%K)=0,0 .. :
GG TC 7 .
TD2=(EN®{BNS~X )$ECOSH(BAN) }/ (GNE( X=G Nc)*DCCSH(GN)l :
T02F=CCCSH(EBMN) /CCCSF(GN)

TD2L==BNEDCCSHIEN)Z (GNECCCSHIGN) )

I=UF IS*ENPS

TO22F=BN*DSINH(EN)}~CN*TLC2FXKESINH(GN) .
TD22N= BB*DCQCH(EN)+TDE*CN‘DCUSh(GNI ' : ‘
CL=1e0 - . .

IF. (FaECele0) DL=ZoC .
TDZ‘L-*atDCCS(EhP#Ccl)/(BL#(BN*(hhS-FCIS*PHINS*ENPS)*DCUSH(Bhlf

1TD2LACNR{GNS~P Qéc*PFINS‘EhPC’JocccH(Gh)" .

GC TC &8
H(EN)OTDE‘CSINH(GN)l*DfCS(ENP*CSI)/TDZEN

«~TOZP)LDCOS(ENF$CS]I )sTDZ2P :

—EhS)‘DSIBF(EN’+TC¢*(X-GNSI’DSINH(GN))/T022N

BN+TDZ#GN) /TDZ2N

g? S*ENPSS (1~ TDZP)-BNS*GNS*Tozp}/TDZZP
{

A(LosNeK)
(FohfZ‘

Xle
i e o Jut
XX It hos

N+KoN42% 1
(X=ENS)*DEINH(EN ) +TDZ2L % ( X~ GNS’*DSINF(UN')
2L {BA+TDZL%*GN)
H EN’*TD’L‘CSINH‘CB)l*CCUS(ENP*CSI’
,—A‘L.L,+X,
[

ENFS-UF S&ENE
ENPS~UF S#GNE
1
x

Z(ENSH4ENPZS) IVEN : ‘
Z(GNS+EMPZS) }J*GN *TD2 ) .
CCSCENPISCSIN(EMP2)/TDZ2N)* (X1 +X2Z) C .
1072 N4K)2X23240

L

C

( )
{ )
C N
4 »
Ehpc—UFS*BNﬂﬁllENS+EHP¢5)
]

4

£

(

Pt omy 30 B e L) e 0 i

APE-UFSHAGNE)/{GNS+ENF2E) oot
CCCS(ENF)¥EMP24 (X1~ X2 ) /TD22F : ‘ - o
1}/72.N+28K )=XX . . e -
APE=UF S#BNS )3BA/ (BENS+EMP2S) : e
ENFS-UFSEGNS)#CN#TL2L/ (GNSH+EMP2S)’ e S

AR

stur&-kvwmhkbhnbbb
N BNAmmEmmmaye

N0 ™ X%
Wil



T T e T M g L dge ey e oy

XX=Z3TDZ2L.2DCOS(ENP )*DSIN(ENP2 )% (X2+Xx22}
ALAMAI)I/2,L)=AC (N4 )72, L) +XX :
€0 1C 1¢
8  21=((ENFE-UFS*¥BNS)/ (BNS4ENPZS) )4EN®DCOSH(EN) ,
22={ (CNPS—UF SXGNS)/ (GNSH+ENR2S) ) ¥ CN¥DCCSH(GN)*TD2"
: AX=(CCCS(ENP)XDSIN(EMP2)/TDZ2N)#(X14x2) . - S
- AAN$LI /2 NEK)=XX$2 40 s
s 21=((ENPES~UFS®BNS)/ (BNS+ENP 2S) )4 CCASh (BN ) :
22=(TC2P*(ENFS=UFS#CNS)/ ({GCNS+ENMPZS) ) #CCCER(GN )
XX=Z9CCOS(ENF)SENMP24({X1- X2) /TD22F
AC(N+1) /2 N+2%K }=XX . _
X2={(ENFS~UF SXBNE)/ (BNS+EMF2S) )*EN*CCCSK ( EN) »
222=( (ENPS~UFS®CGNS) /(GNS+EMP2S) ) ¢ GNXTD2L&CCOSH{ GN
AX=Z#TO22L*%CCOS(ENP )*DSIN(EMP2 )% (X2+X22) -
. FCINI1) /2L )=AC(N+1)/24L ) 4XX ‘ :
19 CCNTINUE : . ‘
LA EC N=1,k
: . CQ 20 M=1.K1,2
“~ T JK=Eh=-1 .

. ENP=JUNERY . “ ‘ .
ENPS=ENFRENP : : . N e
EVP2=NM&F1/2, S - R B
EMPZS=ENMF2%ENP2 = S
EVNS=FHIS*(ALNDS+EMP25) : ] .

. ™, EMSDSCRTI(EMS) : R - o '
; : . X1=ALNDS-EMP:ZS : . oL v
' IF(X1eLTe0a0)} GC T3 13 . e 3 :
EMS=FE1Stx1 : et .

CM=CECRT(GMS) -« - , S : .
‘ IDI=(EM#(BMS-pOlStPhIS*EHFZS)*DSINH(HM))/(GH*(GHS+PGIS*PHIS*EMPZS)

: 1 #DSIM (GM)) . ' : S '

1IC1=1C18(~19 . . . : o
TD11=EMSCSINR{BM)}=TC1%XGMITS IN(GN) , RN '
CoXx . SCOEMXDSINH(BM))/ (BMS+ENP S ) +TD1 #GU*DSIN(GM) /{ GMS~
1 ENPS))S2%EMF2#CCOS(ENP)/TC1L - ST

e IF (JNeGTa04C) CC TC 11
S e XX=XX/2
! 11 A{N+Z29K(M+1)/2)=XxX
! X1=({EMF2S~UFIS$EMS )/ (
X2=( (EMFZS+UFIS*GMS )/ (
EX=(2Z¢X1)$29DSIN(ENP2
XX4={CCCSH(EN#CS] )+TD]
IF {(JheGTe0s0}) GC 1
XX=XXr2 ‘
ACI(N*1)/Z0(N41)/2
ILFSIENPZS+GME)#CC
le({Nel)/2)=xX
w(Ve1)s2)=aX

PS))9BM*CCOS(ENP) #DSINH(EM)
PS) ) #GM*CCOS(ENP) #DSIN(GM) #TC1
GM®CSI))SCSIN(EMP2)/TO11

ffS-ENS)*BCCSH(BMI+TCI#(

&0~

a

7

: A
=12 A
. . A. . G

- - 13 >
s G
¢
1

o

o m— m——b—— e

Betan
el | s

mMiaTNwyMN'X
METOT e

is T : .
S¥EMF2S)%CS INH(EM) ) #(=1) /(GM*(GVS~PCI S*

. 1
GNACSINH(GN) — ;
v FS) T .
+ENP3S) S . L
+X2)/TD2% .. e .
CSINN(SN)/(BMSIENPS)" -

(
(
Q
1
N
L]
F
)

XN N
e _=iin

1
M
.
|

-t
3]

* X
(GMS)

GTe 22

' (tM S~
1FHISHEMP2S)#C
TDZE=BNILSINK

PL1=BWACSINHIE

C : T 22=CMITL2EDS IN
o XR=Z3LCLCE(ENF)»
. . A1 =(EVNPZS=UF 1Sk

. r
1 . :



X2=(ENMPZS—UF IS¥CVS)ITD2*GNADSINL(GM) / (GNSHENPS )
XX1=Z#DSIN(ENMP2)#DCCSIENF )X (X1 +X2)/TC22
IF (JhuCTa040) GC TC 14
XRE6=(CCCSH(BNM¥CSI)+TD2#CCCSH(GMHCST) JXDSIN(EMP2)/TD22
AlI+1 (V41D /2)=x26 - .
XX=RN/2 ' g .
XX1=2x1/2 _ :
L ALINI1) /2, (M41)/2)= ({UFS*EMF2S—ENMS)#DCOSH(BM) +TC2*{ UFSKENP2S—
1GME)ADCCSH(GMN) ) /TD2zZ - i _ -
4 AIN+ZEK (M+1)/Z)=XX
" ACNSKSINE1 ) /Z)=XX] ,
: GC 1€ 20 . ’ : ’
15 TD2=(EN#(UNS—POISKPLISKEMP2S) ) #(—1)/ (GM#% (GMS=POLS*PRIS*ENP2S) ) ©
‘ TOZZ=EM+TD2*GM - )
X1=EWs (EMS+ENPS ) o : ’
22=GNM3TL2/(GNMSH+ENPS) ' . . s N
. AX=23CCCS(ENF)®EMP2%(X1+X2) /TD22 o r
L X1=(EMFZS-UFIS®ENS) 4BM/ (ENS +ENPS ) ‘
A2=(ENPZS-UF IS*¥CMS) s TD24GN/ (GMSHENPS ) oo ¢ . .
: XX1=c¥DSIN(ENP2 )ACCCS(ENP )R (X1 +XZ)/TDZ2 - :
. . IF (JNaGTe0e0) GC TC 314 . o
. AX=2)p2 / .. ’ : - :
AX1=xx172 . N ’ . ' 4
E=leC o . ‘ Y.’ . ./c-J
K TEST=EM=EMECS L L § ‘o
T IF (1ESTeGTeé
T xX6=E®& (CEXP ( (
1 (BM+TC23GM) .. _
ACI+1le(Mel)d/2 . L L
ACIN$1) /2, (M4 Sf(UFS¥EMF2S~BNS)+TD2% (UF SXEMP2S~GVS) ) #TC22
: ¢ 1C 14 - ‘ -~ . . S
- 20" CCNTINUE .. . . - '
" ‘CALL CETERM (A,L.DET) : . .
FAINT110+.ALNMCS+CET - oo .
110 FCRNAT(® %9t ALNDS=? 4F12e%410Xs '*DET=2,02045)
~ AMLMDE=ALNDS+CEL - - ' o
o '* JF (ALMCSeGT4DLIM) GO TC 21 . J
T 1< I [ | e - S
ai's 81 CCNTINUE \ o S - ' oL .

o) B=Cal - R E :

M¥CSI~BM)2E)+TD2CEXP{ (GMECSI=GM)4B) ) 2CS IN(EMF2)/

X6 '
)

. STOR . T . . o i o .
S D47 END L _ ; ‘ oo e . st
o .7 SUBRCLTINE DETERM (.AsNoLET) ) . S S0 e

SV - IMPLICIT REAL®B(A=H.0=2) I oL o , :
CINSMNSICN A($9.56) o _ S - : _
EIGN=1. . - . . C. “.
LAST=h=1 : . X o T

STAGT OVERALL LLCP FOR(M-1) PIVCTS, - .

. ' ! A 7 o . /

CC 200 I=1.,LAST . e s .
FINC THE LAREEST REhAININGrIEhM'!N 1-TH CCLUMN FOR "PIVOT = - v
o W T ‘ . B I . & e - .- -
EIG=Ce - - . : ' BEN !
.CC 20 K=1,N - . o - , . o ,
. TEANZLAES{A(K, I
ot IF (TERM=BIG)SO . Cal o . e
20 E1G=TERW T - : . o 3 S e
€0 CCNTINUE e - N e
.‘ T . . ". . ] T ." < ' . K ) .
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Batats

€9

“1c0 8
A 'pou c1nn1 vaoTnL REDUCT ICN
NEXTR=141

" FOR EACF CF THE FOWE AFTER ThE I-TH.
. €3 2C0 J=NEXTRsA

"243HULTIFL¥IRG CONETANT FIR THE J-TF RO IS
, tUNST-A(J.J:/vacr
. NOW ' REDUCE- EACH TERN OF TrE J=TH FCw

" CO 260 K=IsN °
'JIJ-K)-A(J.K)-CCBSTﬁA(I-Kl

-‘NB CF FIVOTaL FECUCTICB——-AD# CCNPUTE CETERMINANT'
'-fﬁf-ElCh

. G0 .3CC I=14N o - '.~W
D‘T-BET#A(I-IJ/IO. :

. 200

300

. €0
€1

50

_4i0-

CHECK WFETFEFR A NtN—?éRC TERM RHAS BEEN FCUND
IF (EIC)EBD.60.80

L=Tk FOw HAS THE BIGCGEST TERM=w-==15 I=t
IF (I-L)S0,120,50

I [‘ NCT. ECUAL TO LvStITCF RCwsS. l AND L

~E1Gh==S1GN
'CC 100 “=1+N

FIVCT=A(I.1) o o \. T

<

G2 1C €1
CET=Ce

"RETUFN L L
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C
CCLCCCCCCCCCCCCCCCCCCCCCCCLCCCCCLCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCC'.-
PROuRAM lo

A

C
C
-, THIS 15 A. svaMETRIC MODE SHAPE PRUGRAM FOR THE REC- C
TANGULAR CANTILEVER PLATE FREE VIBRATION PROBLEM. wWlTH POINT C
SJPPORTS SYMMETRICALY LOUCATED OGN THE EDGE PARALLEL TO THE d
CLAMPED BASE. C
C

C

CCCCCCLCCCCCCCCCLCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCLCCCCCCCCCCCCCC

CCCCCCCLLCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCLCCCCCCCCCCCCCLCCCCCCCC

nﬁnnnﬁhhnnnﬁnnhnnnnnnnnnn

WSAGE : THE 'FOLLGWING VARIAaL:b MUST BE PhOVIDED. c

' lam= K = AS DEFINED lN PROGRAM 9. E

. 2= €SI = AS DEFINtU IN PKUGRAM S ¢

. 3e= PHIR = 2B/A FULL PLATE ASPECT HATIO. . _ g

" 4e- ALMDS = EIGENVALUE. ) ‘ | ‘E

. | S5e= KS = NUMBER OF POINTS‘Af'iHICH ;HE-DISPLACE- t

' - ‘ MENT w IS REUUIRED. C
é/)' " 6e— POI - = PUISSGN'S RATIOw g
c

ECCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCLCCCCCCCCCCCCCCCLCCLCCCCCCCCCLC

c .
) AMPLICET REAL*B(A—H.U—Z)

CCMMCN ZE-PHI-PIoPHI:.POI-PDIbaPHIN PHlNS-UFboUFISoALMDS-CSIoKoKlo- '
T1KS e
DIMENSIGN A(S9.+59)

K=22822222220222272222177
KS=22272222?22222272772?2227
22=3600 : . - ‘
Cbl—???????????????????? - ) i
PHIR=22772202222%722777227 ‘ . !
ALMOS=222222222222027227 '
. PHI=PHIR/Z . ,
. PrRINTS0sKsKS:CS1.PHIRJALMDS S - . .
29 FbR#AT('l'.lUX.'K S0 I3310X*KS = -lB-lOX-'CbI ='-F7q¢o10X|
1'"PHIR = oF704.IOXo'ALM05 —'.Fd.Q'////) . . .
Kl=2*K~- 1- . .
C=le : ) ot : - . !
PI= Q.ODATAN(CJ S o - .
PHIS=PHI*PHI . L " T S
Ful= l???????????????????
POl s=2-PO1 .
PHIN= 1 4/PH] ‘ : . e C o
PHINS=PHIN®PHIN . . . e - _ f b . W'
UF3=FOl1#*PHI S . . . ., Coe .
UFlS= FOI‘PHINS o ‘ o R e T
: - i=3deK i ' . o o L L
. 'CUONTINJE
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INITIALIZE THE MATRIX A . el

L=K+¢1 S ' : : : ﬂaue’//
00 2 M=1.L . . :
D0 2 N=1,L
A(MsN}=0.0 - )
 CUNTINUE .o :
og 3 N=1,K .

" A(N®28K sN+22K) ==14

‘/bo 10 M=1,K1i,2
00 19 N=1.K
JNEN=]

EMPZ=N*Fl/s2.

CMP25=EMP2*EMP2
T ENP=JUN®P]

TENPS=ENPSENP .
’BNS=(1-/PHISJ*(ENP*ENP+ALHDS*PHIS)
AN=DSCRT(BNS)
"AXL=ALNDSEPH]IS—-ENPESNP

AF (XlelTe0e0) GU TC 5

UNS=({1./PHIS)eX]

GN=DSURTI(GNS)

X=POIS*PHINS*ENPS .
'TDL=(ﬁH*(BN5~K’*DCUSH‘&N))/(QN*(GN5+XJ*DCUS(GN”-
rOlP=DCQbH‘Bh)/DCOS(hN) '
TUlL:—aN*DCDSH(BN}/(GN¥DCUS(GN’)

OL=1.0 ’ : - )-

iF (NeEQal.0) DL=2.C '

7011L=-2toc05(EuPtCSIJ/toLitaNt(aus-x;:ocusmtBN)~TD£LiGN¢(GNs+x)-
1#3CAS(GN))) . -

X=UF [ S*ENPS

TOIIN:BN*DCOSH(ENJ*TDI*GN*DCDS(GN)
IDIIP=BN*DSINH(EN)*GN*TDIP‘DSIN(GN)

IF (Me3Tsle0) GG TO 4 ’ ' .
A(LQN*K)=(DSINH(BN)+TQ1*DSIN(bN))‘DCOS(ENP‘CSI)/TDIIN .
-A(LnN*a‘KJ=(I“TDIPJ*DCUS(ENP‘CSI)/TUIIP S
A(NfK-NfK)=((UFIS*ENPS-BNS{*U&INH(BN)+ TDI!IUFLS*ENPS*GNS)* :
1OS3INLGNII/TDILLIN . ) . E
ALNS2EK SNERIS(HBNFTOL1RGNIZ/TO 1IN '
A(N#KuNfZ*K)=(X{(I*TDIP)-BNS-GNS#TDIP)/TDII, : '
A(N*K3L3=TDIIL*((X—EN&}*DSINH(BNJ+TDIL*(K*GNS)‘DS]NIGN’]
A(N*Z'K-LJ=TDI1L*(Bh+TDIL‘GN) ' .
XX=TOIIL¥(DSINH(BN)+TDIL*D§IN(GN)’*DCDS‘EN?‘CSI)

AlL s LI=ALLJLIEXX - - . .
X1=((ENPS—UFS*BNS)/(BNS%EHP&S,)*EN*DCUSHIBN) )
K2=(TDI*(ENPS*UFS#GhS)/(GNS-EHPZS)’*GN‘DCGS(GN)
XX=(OCUS(ENP)*DSIN(EHPZ)/TDIIN)*(XI-Xz) '
AlLIMAL)/72N+KI=XX*2 .0 T
Xl=((ENPS“UFS‘BNS)/(BNS*EMPBS)J*DCUSH(BN) .
Xa=(TDlP¢(tNPS+UFS¥GN5)/PGNS-:Mpzsl)‘DCUS(GN"
XK=2‘DCGS(ENPJ‘EHP2¢(KI+X2}/TDIIP a o L
AlIMELY)/2:N+28K }=XX ) |

LXL=C (ENPS=UF S®BNS)/ (UNS+EMP25) ) # oN&DCOSH( BN )

Xll=l(ENPS+UFS*GN5)/(GNS-EHPESJl*ﬁN‘TDlL‘DCDS(GNT
XX;¢‘701IL*DCOS(ENP)'USIN(EMPZ"(xl‘XJl’ : K
At(n*l)/Z.LJ?A((Mfll/z.L)+x8. o

. au TG 10 Ay . : '

Xl==X1]
uN3=(les/PhlS)ex]



7

CALlL S LI=ALL W LI # XX

"xz;((ENPb—UFStGNS)/(GNb%hMP2$)1*GN¢DCOSHQGN){TDZ': o

-413- . - |

GN=D3SQART(GNS} . - L
X=POIS*PHINS*ENPS ~N
1F (UdNS.LT.Z2) GO TO o .
TD&=EN*{8NS-X)/(GN*(X—GNS)) : * .

T02L=-gN/GN : . - I e
TD2P=1.0 : ’ - 0 - i
X=UF IS¥ENPS ) ’ . . ) "
TD22F=BN-GN C . : . S
TO22N=BN+TD2*GN o :

OL=1.0 ’

1F (thQai‘O) DL=2.0

.. TO22L=—-2*DCOS{ ENP¥CS1 )/ (DL*{BN* ( BNS-POILS*PHINS*ENPS ) +TD2L4GN
 1*(GNS-PGIS*PHINS*ENPS) ) ) - - el

IF (N.GT.1.0) GU TO 7 o
ALL oN#K)=(14+TD2)+DCOS(ENP*CSI )/ TO22N

. AlL o N+2*¥K)=040

AlN+2*K,1.)xD,0

CACNEKGL)=TD22L % { ( X-BNS) +TD2L#( X—GNS ) )

‘XX=TDL2L*(1+TD2L ) *DCOS({ ENP*CS1 )

ACNEK ¢ NERK) = ( X-BNS+TD2#( X-GNS) }/TD22N .
CA(N#28K s N+K ) =040 Co
A(N+K s N+2%K ) =040 _ .
e3 TGO 7 ‘ ' '
TIZ2=(SN#(BNS3-X) *DCOSH{BN) )/ (UN* { X-GNS)I*DCTSH( GN } )
TI2P=DCUSH(BN) /DCO3 R GN) :

. TU2L=~BN#DCOSH(BN)/ (ON*DCUSHIGN} )

X=UF IS®ENPS
JU22P=BN*DS INH(BN)-GN3TD2P*DSINH(GN)
TJZEN=&N*DCOSH(Bh)+TDZ*GN¥DC05H(GN)

" DL=140

IF (NsEGeleD) DL=2.0

JU22L=-23DCOS{ ENP*CS1)/ (DL* (BN* ( BNS—POIS*PHINS®ENPS ) #DCOSHL BN)+
1TO2L*GNS (GNS—POIS#PHINS*CNPS) *DCOSHI GN) ) ) N .

IF (MaGTel40) GG TO 8 . . .
A‘L-h*K)z(DSINﬂ‘BN)+TD£*DSINH(GN))‘DCOS‘ENP*CSI)/szzN
A(L o N+2%K)=(1-TDZP) #DCOSCENPXLS] )/TD22P ‘

AnEKoNEK) =L (X-BNS) #DS INH(BN) + TD2% ( X=GNS ) $DSINHIGN) ) /TD 22N

A(N+2EK s N+KISLBN#TD28GN )} /TD 22N _ .
A(NfK-N*E#K)=(UFIS*tNHS#(l—TDZPJ—BNS*GNS*Tﬂzp)/TDZZP iy
A(N*KoL)=TDEZL*((X—ﬁNS)‘DiINH(bN)+TDZL‘(X—GNSI*DSINH{GN)J

CAIN+2AK oL )=TD22L *(BN+TO2L*GN)

XKSTIZ2LELDSINH(EN) +TD2L¥0OSINH(GN) J #DCOS(ENPRCST)  *

AlLsL)=AILL)+XX

@3 TC 8
X1=( (ENPS—UFS$BNS)/ (3NS+EMP2S) ) BN .
X2={ {ENPS3—UF S¥GNSJI/Z {GNS+EMP25) ) *GN =TD2

- XX=(OCCSIENP)ISDSINIEMPZ ) /TD22IN) # (X1 4+ X2)

AL{NME+L)/72aN+K)=XX82 .0
X1=(ENPS—UF S83NS)/{ ENS+EMP2S)

- X2=(ENPS=UF S*GNS )/ { GNS+EMP2S)

XX=28DCCS{ENP)SEMPLR(X]1~X2)/TD22P
ALIM+1)/72,N+2%K )=XX
X2=(CNPS=UF S*BNS) *UN/(BAS+ENP2S)

X22=(ENPS-UFSEGNSI®GNSTD2L/(ONS+EMP2S) ~ . - . o

ALIM+LI/2aL ISALINEL)/2,L)4XX .
GG TC 10

Xl=2*TDZZL*DCUS‘ENp)‘DSIN(EMPZJ‘(KZ}XZZJ:1
X1=( (ZNPS~UF S#BNS)/ (BNS+EMP25) ) $BNSDCOSH( EN) ..



L ~51y-

xx-(DCDS(ENP)*DSIN{EHP¢)1T022N)¢IXI+X2) R
ALIN#L) /72 . N¥K)=XX¥2 4,0 S Co
X1=((ENPS—-UFS*BNS)Z(BNS+EMP2S) ) *DCOSH(BN) -
X2=(TD2P*( ENPS— UFthNbJI(bNS+tMP25J)tDCOSH(GN)
XX=28DCCS(ENP)*XEMP23(X1-X2)/TD22P
AlIM+L1) /2. N+2%KI=XX
x2= ((:Nps—uFStanss/(5N5+Eupsz)tBN:DCOSHtBN: o
X22={ (ENPS— UFS*GNS)I(GNb+:Mde))*GN#TDZL*DCDSH(GN) -

- xXX= ZtTDEZL*DCOS(ENPJ*DSIN(:Mde#(x2+x221 : ‘ t

‘. ACIM+L)724LIZAL(M#L)/72,L) #XX -

10 CONTINUE T S

;-uo 20 N=],K . : .

-~ DO 20 M= 1.&1.2 A . :
JN=N-1 .
ENP=JN*P] N : . .
ENP S=ENFP*ENP ) o ) -
EMP2=M*P1/2, e .
EMP2S=EMP2%*EMP2 .
EH:—PHIS*(ALMDS+EHP25)

. BM=DSQRT{BMS)
X1=ALMDS-EMP2S

L IFEX1eLTe0e0).60 TO 13
GMS=FHIS*EX] '
GM=DSCRT(GMS)

-

s TDI-(BM*{BMS—POI:*PHI&*ENde)*DSINH(EMJ)/le*(GMb+PUIS‘PHlb*EMPZS)

1 *#D5IN (GM))
' TDA=TD1#(—-1) )
TDII—dH*DSlNH(BM)-TDI*GM#DSIN(bMJ
XX . =((Butoslnn(ﬁﬁ)J/(ams+:Npa)+TaxtthDSIN(uMJ/(uMa—
1 :NPS))tzten92¢DCD>(tNPJ/Toxx ' .
IF {JNeGT«D.0) GG TG 11
XX=SXX/2 ;

11 A(N#28K . (M$1)/2)=XX ‘ I

CX1=U(EMP25-UF] S®BM3 ) /{ BMS+ENPS ) ) *BM*DCOS{ENP) *DSINHIBM) . .
X2={ (EMP2S+UF] S*GMS )/ ( tMS— ENPbJ)*thDCOS(tNP)tDSIN(bM)#TDl-
XXT(X2+X 1) % 24DSIN(ENP2I/TDLL
:-qu—(DCOaHtau:cst;rrox*ocostau#csx))#OaLNlEMPzJ/roxx
1F. (JN.GT.o.pb GO_TO 14
X=X X/ 2 . -
A((H*1112-(H+ )/s2)= ((UFS*EMPZS-HMS)*DCOSH(BH)+TDI*(
. LUF SEESMP2S+GMS) 2 DCOS(LM) }J/TDIL
AL+ lM+L ) 272)=XX0

A2 AIR*K+(M+1) /72)=XX

G0 Ta 20 o e
13- Xi==X1 . ‘ S o : S
S GMS=PHI S#X1 : :

GM=DS5URT (LMS ) .

IF (EMSeGTeZ2) GO TO 15 -

Tud—(BMt(dMS-POIStPHIbttMPAS)*DSINH(BM))t(-i)/(uM#(GMS ~PUIS*

I1PHIS$EMP2S) #DSINH(GM) ) - .

. TO22=BMEDSINH{ BM)+TD24LM#US INH( GM)

X1=BN$DSINH(BM) /({ BMS+ENPS )

X2=GNeTDZ#DS INH LGN} /( GMS+ENPS)

4 xx-atoccsttNPJtEMPZt(xx+x2)17022 o e '
: X1= (EHPZS-UFIS*BNS)tBMtDblNH(BM)/(BHb+tNPS) o e

- K2= (EHP&S-UFIS‘GM&)tTDd#GM#DSINH(GM)/(qu+ENPaP

C XX1=2%0SIN(EMP2)*DCOSIENPI*(X1+X2)/TD22
IF (JNGTeCa0Q) GO TO 14
XX6= (DCDSH(BN*CSIJ+TDZ$DCUbH(uM*CSI))#DSIN(hﬂpallTDad Y
ACL+14(M+1)/2)=XR6 : )



14

15

) _1'15_ ’ - -

XX=XX/2

XX1=XX1/2

ALIN+1)/2IM+1 ) /72)=((UFS*EMP2S—BMS) *DCOSH(BM)+TD22(UFS*EMP25—

1GMS)®DCCSHI{GM) ) /TD22

A(N+28K s (M¥] )/2)—xx

A(h+K-(H+lJ/2)‘XKl .

@D TG 20

To2= (BM*(EMS—POIS*PHIS*EHPZb]J*( l)/(GH#(GMS—POI:*PHIS*EMPZS)l
TOZ22=8M+TD2%*GM

X1=dM/( EMS+ENPS)

X2=GM*TD2/{ GMS+ENPS )
XX=23DCOSLENP) *EMP2%{ X1+X2)/TD22
MI=({EMP2S—UF I5*BMS) *HBM/ ( BMS+ENPS )

X2={EMP25-UF 15%GMS) *TD2*GM/{GMSH+ENPS ) .

XX1l= Z*DSIN(EHPZ)*DCU&(ENP)¢(31+X2)/TDZZ .

IF (INGT0% 0) GC TU 14 ; , ] .
XX=XX/2 ’

AX1=XX1/72 . oo

B=1.0 -

TEST=8BM-M%CS]

IF (TEST.uTet0e) B=0.0 .

XXO—B“DEXP(‘BH‘CSI"BM)*B}+TD¢*DEXP(‘GM*CSI—GH)¥BJJ*DS!N‘EHPZJ

. LZ{BMeTD2*GM)

. 00:50 K=1,

All#lelM+i)/72)=XX0

Al(#+l)/do(ﬂ+1)/2) ((UFS*:HP&S BHS)fTDZ‘(UFS*nﬂpaa-GMSl)/TDE&
ed TC 14& .

CONT INUE

20 30 N=1,.L

"TEMP=A(M+1)

CA(Me I )=AIM1+1)

A{M, I+]1)=TEMP a : . ) . ) : o
CONTINUE C . . T :

CALL DETEE“ ‘AIL.DCT, . st : : i
STOP L , ‘

EnD °

SUIROUT INC DhTERN leNoDLT)

IMPLICIT REAL®B({A~H U-2Z) - S L .
Dl;:NbIUN A(99|99}-K(95)tEH(75)-tN(?S)oEP(?Sl . s
SIGN=1l,. . - . ta

Nen=1 . : L T
LAST=M-1 x . : | AR . T
START OVERALL LGOP FUR(N~-1 ). PIVOTS - .
ou ‘200 1=14,LAST. - ' )

! FIND THE LARGEST REMAINING TERM IN I—TH CULUMN FOR PIVOT

"Elu= 0- !

(Ko 1 R S, . e
IF (TERM-BIGJ50, o.a e T P
BLGSTERM L R L ;
L=‘ . . .. . .. '-.! . . 4.- ) . : . ) - N . Ii..~ .. . - »
CONTINUE"" . . S S

-

M
TERH=DABS(}

. CHECK thTHhR A NUN-ZENL TERM HAS BEEN FOuND: 7T

.IF (dxu)ao.oo.ao Lo e @ 5 . '__“ ¢;



2Tl a1

89

%0

100

(a¥aYal

123

ARN NAN Ann

. -

200

[alal

r

. AAN AnNn L A

%00

ONADC AAN

@39

500

TAnn nan

FOR EACH OF THE ROWS AFTER THE I—TH‘
DU 200 J=NEXTR.M .
MILTIPLYING CONSTANT FUR THE J=-TH RUw IS

GET  Y(IREV) IN' PREPAKAT ION. -

'NOT WwORKING ON LAST ROws1 1S 2 OR GREATER.

.FIND AND PRINT EM-EN.tP.AND Pe
L= (N=1)/3

-J16-.

L-TH FOW HAS THE BIGGEST TERM—-——I5 1=t B
IF (I-L)90,120,90

1 1S NOT EQUAL .TU LeSWITCh RS I AND L

CO 100 J=1,N - , - - .
TEMP=A(I.J4) =~ ’ | :

AllL +J)= A(LQJ}
AlL ¢« J)=TEMP

" NOe START PIVDTAL REDUCTJGN

Fivat= All,.1)
NEXTR—I#I

CUusrzatJ.lazptvor
NOW - REDUCE EACH TERM OF THE J-TH aou

Do 200 K=L,N" ' - ~ -
A(JoK)—A(J.KJ consr:a(x.x)

END CF PIVDTAL RhGUCTlON—* PERFURM BACK SUUleTUTIbN
N=N=-1

D0 800 1= 1M

IREV IS THE EACKWARD INDEX,GUING FRUM M BACK Tu 1
IREV=N+1-1 ' ' o

YSACEREVINY | S
IF (IREV~M) 400,500,400

du 459 J=2,1

aORK HACKWARD FOR x(N).xtn—l)——---suasrlru71~6'Pnsviuusgv-'
FUUND VALUES ) . i : .

KN+ 1~=J : o . . ?
r-v-AtlaEv.x)tx(K)

._FINALLYoCOMPUTE X{IREV)

x(lREUJ=V/A¢1REv.IREVJ



447

o0a 52:11=1-L ) . . . : _ ‘ , .
J=2%]1~ T o : L
K=I-1 / '
ENCJI)I=KCID .
EN{J)=X(1+L) .

IF(1«EQeL) GG TO 540

EP(J)=x{I+2%L) .

P=X{3* ) C

G0 TC 550 : :
540 EP{J)=-1.

550 PﬂlNTﬁOO.J KlKlJ'EH(J’.K'EN‘J)IKDEP(‘J,.P .
600 FORMAT(®*-2 M='o12|3x.'h='.12.3x.'P="12 OX+s"EM(*,012,7) _"_.'
p124%) =% ,D13e5:5X

1013, 5|5X.'EN(‘1120') S? sD1345:5Xe'EP("
1'P& =*,D13.5) .
00 601 1=1.L
J=2%]=-]
EN{LI=ENLI)
EP{1J)=cPLa)
001 CUNTINUE
PRINT 650 : -
650 FURMAT(*1°*,*THE SYMMETRIC MOODL SHAPE ODATA ARE:Y//777)
- CALL SHAPE (EM.EN.cP,P) .
63 RETURN.. -~
=ND
SJU3ROUTINE .SHAPE (EM-EN-EP.P)
CIMPLICET REAL*B(A =H.Q-L4)
+ COMMLON ZdoPHllplQPHIS.PUI|P015.PHIN.PHlNS-UF5|UF150ALMDboC51oKoKl'
lKh
‘ OIH:NSICN il(Zlcdl)-haiZl-El)-wB(al.Zl)oh4(21czllo'(EIQZIJ .
IQEH(75)QEN(7530EP(?5, : .
KS1=KS+1 . ™
ETA=0.0 . ’ )
LU 650 1= I.KSI . ‘ .' ) .
P351=0.0 oL ] ™ ‘ ,
DU ¢40 J=1+KS1 . : : '
all=0.0 ' ) ’ -
wz22=0.0 . - - o :
453=0.0 ' :
. wW34=0.0
. DI €20 N=z=],K
JN=EN-]1 .
ENP=JNEP] . :
. ENPS=ENPSENP ‘ ®
cNa-(l.IPHlS)#(hNP‘hNP*ALMDb*PHlb)
Bh=DSCRTIHNS)
K1=ALMOS*PH] S=ENP*CENP
IF (XIQLTQOQO’ GO TG
GN3I={l1+/PHIS)®X] )
Ch—DSCR‘(GNh) ‘ ) . . Co ' e e
X=PCIS*PHI NS*ENPS : . \\‘
TOlz(BN‘(BNS-x,‘DCU“H(bN)l/(bN*(GNb+X).DCUS(bN))
T21P=DCCSH(BN) /7DCU3 (GNJ Tt
TDILS-BN‘DCObH(BN)I(GN‘DCU:(GN" ' . . .
IW=]«0 - . e
IF (NeEQeLl) DL—?-O L Y 1 N
" TOolIL= -Z‘DCOS(ENP.CSIJ/(DL*(BN*(BNb-X]*OCUSH‘dN)-TDlL'GN*‘§N5+X)?
ADCGS(eN))) ) . . oo T
. X=JUF I 3$ENPS ".- e, IR
TDIIN—BN‘UCOSN(BN’*TDI‘GN*UCU:(GNJ » v Ty . P
. IJJIP—BN‘USINH(BN’*CN*TD[P*DSIN(GN) S ) o L LN

. o T

X



o0l
602

603
604

606

-

607

o033

609
819

_uig_

IF (ETA4EQ.0.0) GO TO 601

IF (ENP.EQ.0.0) GO TU Ol

‘XX=DCOS{ENP*ETA) } |
GO TL 602 '

XX=1.0

IF (PS1.EQ.0.0) GO TO 604 - .
Xﬂd=EN(NJ*(DSINH(BN‘PSI)+TDI*DS[N(GN*FSI)}*XX/TDIIN
XW4=P*TD1IL % (DS INHIL BN*PS]I )+ TD] LEDSINIGN®PSI ) ) ®*xXX :

IF (FS1.EQe1.0) GO TO 503 . :
qu=EP(NJ*(DCOSH(BN*(1—P511J*TDlP*UCOS(bN*(H—PSIJl}tXXITDIIP
GO TO 617

XWI=EP(N)®(1-TD1P)*XX/TD11p _

G0 TQ 617 . :

AXwW2=0.0 h

XW3=0.0 ' :

XWa=0.,0

CJ TO €17

Xi=-X1

GNS=({1+/PHIS)*X1

GN=DSART(GNS) .

X=PJl1S5*PHINS*ENPS

IF (BN34GTeZ22) GO TU 6le2
TDZ=(BN‘(ENS-X)*DCUSHIBN))/(GN*(X-GNS)*DCGSH(GN))
TO2P=0CCSH{ BN} /DCOSh(GNJ '
TDdL=-BN*OCDSH(BN)/(GN‘DCOSH(GNJ)
TDZZN=3N‘DCQSH(HN)*TDZ*GN*DCOSH(GNJ
TD22P=BN*DSINH(BN,-GN‘TDZP*DSINH(GNJ

OL=1.0 :

IF {NeECel) DL=2.0 '
Tuzsz—ZtDCUS(ENP*CSl[/(DL*(BN#(BNS—X)#DCUSH(BN)+TDEL*GN#(GN5f§j}

\ 4

1DCASh{(GN})) . ‘

IF {ETAEQ.0.0) 6O 19 007

IF (ENP.EQ.00) GO TO 607

XX=DCCS{ENP*ETA) ‘

uwl TC a08

AX=]140

IF {(PSI+EQe0ad) GU TO o1l C
hx‘2=EN(N’*(D$1NH(BN‘PSI)fTUZ*USlNH(bN?pSI,,*XX/TDdaN
x‘4=9‘1022L*(DSINH‘EN‘PSI,+TDZL‘DSINH(GN‘PSIJ)‘xx

IF (PS1+EQ4l1+0) GO TU 609 < ' . . :
Ki3?EP‘N;‘(DCDSH(BN*(I‘PSIJ)‘Tozp*DCUSH(GN¥(l‘PSl,J)‘XX/TDEZP
[]v] 0 61 . . . . ] ) L ‘ .
XWI=EPI(N)*(L-TD2P)E XX/TD22P ' -
GO TG 617 ‘ ' : . . : .
XW2=00 . ‘ . . o L o _f

-~
ce

- XM3=0.0

elz

613
614

XN4=0.0 e . '

GO TC 617 . : : - -
TDdN=BNf(BNS-pOIS‘PHINS*ENPS,/‘ﬁN*(pOIS*leNS*ENPS-QNS,J
IFLETAEQeD40) GG TO 613 . ] ’
1F ‘&NPOEQCOOOI GO TO 613

XX=DCCS{ENP*ETA) . L

GJ Td o014 . . .

XX=]140 . . . : .

iF ‘FSI.EQQOOO"§Q TO ¢lo

o d=l el

- TEST=BN-BN*PSI.

IF (TESTeGT «60.0) B=0.0 W L L B o

.xa¢=e¢:oax9(tan¢951-an:#u)+tbéﬂioexpt}eﬁrpsleéﬁata:Jtéu(uirkx/f

A1 (ON+TC2NEGN) _

- N .

Ty

v Voo : : . . -



- 813
6106

017

620

B "{  i 419~ S ‘L e L

-~
[y

Cl==23DCUS(ENP2CS1)

C2=8N¥[8BNS-PO] S*PHINS*¥ENPS)

CI3=GN*(GNS-POI S*PHINS*ENPS)

OL=1.0 £ -

IF (NsEQel) DL=2a.0

TO2L==BN/GN '

TIZL2L=Cl/(DL*(C2+TD2L*C3))

XWag= B#P*TD&&thXt(DExP((BN#P:I-BNJ*BJfTothDEXP{(GN*PSI-uN)*B)).
IF (PSI.:Q.I.O) GO TO o015

TD2P=1.
TOdEF—BN—bN*TozP

B=1l. - .
TEST=BN*PSI

IF (TEST«GTeb60.) B=0. -

xdj-EFlN)#B*xr*(DExP(( BN*PSI)*B)-TD&P*DEXP((-GN*PS!)*B))17022P
$a. TG 617

XW3=0.0

G 104617.

'Xd2=0.0 .

AN3=0.0

Xu4=040

n2(led)=w22+XW2

w3{leJ)=u3S3+XW3 . ,
23{lsJ)=uda+Xua

w22=w2(]1¢Jd) . . ~
a33=03(leJ) . ‘ .
2G4=04(]1 4]}

CUNTINUE

V0 630 M=]1,Kl,2

ERP2=M*Pl/2,. _
EMP2S=EMP2*EMP2 ’ ) . ) < .

BMS= PHIS*IALHDS+&MPZSJ o T e e
EM=DSQRTL{LMS) -

" X1=ALMDS—EMP2S

621
* o622
623

AF (X1al'TeQeG) GO TO 623
AM3=PHIS*X]
aM=03CRT(GMS)

Tal= ‘BM‘(BMS*PUIJ*PFIS*EMPZb)*DSINH(EH))/(GH*(GthPDlS*PHlS*EHPZS,
l *#0SIN (GM)) .

TO1=TD1l*{-1) . b . .-
TJll—:M‘USINH(BMJ—TD]*GM'DSIN‘GH) . ) R

IF (PSleEC40e0) GU TUO 022

"IF{ETA+EQeDe0) GU TO 621

'Kdl—:M(MJ*(DCUSH(thETA)+TDl'DCGS(GM*ETA)J'DSIN(EMP&*PSIJ/TDII

ad TO 629

Xﬂl—:ﬂ‘ﬂ)“I+TDI)‘DSIN(bMPd‘Pbl}/TDlI

o0 70 €29

Xa1l=040

GJ TC 629

- Xl1==X1

GM3=PHIS*X] ,

GM=DIGRTIGMS) -

IFf (BMS.GT«Z2) GO TO 62%5
TDZ—‘UM‘(UNS*PO]b*PHlS‘EMPZb)‘DSlNH(ﬁﬂ])/‘GM*(GMS—PUIb*PHlS*EHPZb,

1 *#OSINH{GM) )

TD2=TD2#%({-1) -
razh-dntobxunteu)+1c2tuntualuﬂtoul

IF (PS51.c0e0.0) GU TU 622 . _

AF (ETAEQaD040) GU TU w24 -

xul :P(MJ'(DCUSH(BMO;TA)+T02¢DCUSH(6M*ETA))*DSIN(&MP2#PSI)17022



4r

G624
6235

627
623
630
635
L. 636
- 649
650

,/ o - : A | -420-

ad To 629

XW1= EM{M)*(}1+TD2)30SIN(EMP24¢PSI)/TDE2
GO TO 629

_A=BH*(POIS#PHIS‘EHPZS—dMS)/(GMt(GMS—POISthIS#EHPZS)J

IF (FS1.EQ.0.0) GO TO 627
iF (ETA.EQ.0.0) GO T0 o227
TEST=BM—-HM*ETA :

IF (TEST«GT460.0) GO TO 627 -
Xll=EM{M)*(OEXP(BM*ETA—BH)+A¥UEXP(GM*ETA~GMJ)*DSIN(EMPZ*PSIIV

. L(BN+A%GM)

60 TC 629

XHl=0.0 :

dl(Ied)=Xwl+wl]

wil=nlll.t) _ . )
CONT INUVE . :
ﬂ‘l.J)=.1(lOJJ+U2{IlJ)+I3(l-J)+54‘11J]

PRINT 635.PSIQETAQI.Jsil(ltJlnliJ’.Z‘llJJ.IoJ.ﬂ3(I|J)|I.JnN4(
FORMAT(®*=" ,0p5] SV 4F5.3s3X0'ETA ='.F5-3.3X-'h1('012.'|'112:')
lDld.S.SX.'hz('.IZ-'.'.lz.') ='.DlZobi3X{'N3".lz.'o"lao') =1
1312.5.3!-‘“4".12"’fn120' =% 4D124%47)
PR[NTG3b|PSIoETA.I-J.I(I.J, - '
FORMAT("—% 20X, "PS] SP e FSe3sdXs'ETA ='|F50314Xt{
LW e f25940 ,12,0) = 3D12e5) L _ :
P31l=PS51+1.0/DFLGAT(KS)
CONT LNUE : -
ETASETA+1.0/0FLGAT(KS)
CLNTINUE ) . ) . . LT
RETURN ) - . ‘ .
- END . " oL _  ' R
L f/'_'
' . L4
.J . :. _'.'..f'.
. , . v .
. .. --k:; . .
A -~ - : ..-; . ) ' ‘\{.‘: R
.“'. . ‘t‘ s - |
2 B - . Tt CL
- * ! ' R . \; -
N J ) O-f ) )
-‘. : :‘“ ’ .
. A . 'a..

Cems e - T

e
i .

e N . .
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1

NADNANNANRNNAANAGNANANAR

AAARAANANNAANAN AN

cq&ccccctcccccccccccccccdcccccchccccCchccccccccccccc

le= K-+ ' =

"Ze~ €S1 =

"3e4= PHIR =
4= ALMDS
5.~ DLIM

_be= DEL =
L Te= PUI' =

421

C

- PRUGRAM 11 g

THIS IS AN_ANTISYMMETRIC MODE EIGENVALUE ‘SEARCH C

PROGRAM FOR THE RECTANGUILAR-.CANTILEVER PLATE FREE VIBKATION C
PRJBLENs wITH POINT SUPPORTS SYMMETRICALLY LOCATED GN THE C
- EDGE PARALLEL TO THE CLAMPED BASE. . E
: cceececeeeeceecccee

THE NUMBER .OF TERMS TU BE USED IN THE

- SERIES INVOLVED. FOR 5 DIGITS ACCURACY
‘USE K = 30. '

O TO 1. PROVIDING THE DISTANCE BETWEEN
THE CONCENTRATED EDGE FORCE(PUINT SUP.)
AND THE PLATE CENTRAL AX1S DIVIDED BY THE

2~

PLATE EDGE DIMENSION
2B/A. 135 THE FULL PLATE ASPECT RAT1D.

"EIGENVALUE « -

EIGENVALUE SEARCH ENDING LIMITe IT °
INSTRUCTS THE COMPUTER WHEN TD HALT
EXECUTION S
ELGENVALUE INCREMENT.

PUISSCN'S RATIU.

[

cécccccccgcccéctcchcccccCchcctc@tcatccccccccatccCcccgccc;cccccccccccc

AMPLICIT REAL®8(A~H,U-Z)

DIMENEIUN A(59,99)

K=2722722222222222222222 o ; .
C51=22227222222227222722 . '

K2=2¥3K o

" KLI=23K=1

Z22=3¢€ude

PHI=PHIR/24
PRINTS0+PHIR K 4CSI -

FURNAT(® ¢, *PHIR =% JF7.4,10X,°K

c=le .
Pl=qg +*DATANIC)

. Pl S=PH1#PHI
L FJLl2272202722722272

PALIS=2-POL .
PrAlIN=1+/Pr]

Y. PHINS=PHIN®PHIN

7222 - - f. ' o S '[

' PHIR=2722?22222227272222 SR L e . f”?.fv‘

. »

ne .. . R
P - -

. g .
CCCCCCCCCCCCCCCCCCCCCCCCCCQCCCCCCCQCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCC
"USAGE : THE FOLLORING VARIABLES MUST B PROVIDED;

oY aYatalaXaXalatataXatatatalalatalatale

<

C
C
c

=% 15910Xs0CS1 20 oF734,/277/F .



[alaYal .

;’;’;,,f;”’1¢ENP25+GNSJ*DSINIGN)J/TDIlN | ;
\  ALLNALI 24K 4 (N+1)/24K2)=( UF ISSENP25% { 1~TD 1P )-ONS-TD 1P&GNS) S TDL 1P

-422-

LFS=FO0L1#PHIL S N

UFIS=POI*PHINS ¢ w0

I=3%K+i B

ALMDS=2722277222222727272?277?

DLIM=22227?227222222272272 : : '

DEL=7?222?222227222772222272 . o .- .
1 CONTINUE ' - : - '

INITIALLZE THE ‘MATRIX T4A 0.0

DO 2 NF=1,1
. DO 2 N=1,l1
2 A(NMN)=0.0 - ' g {
00 19 M=1,K1,2 ¢ ]
DO 10 N=1sKl 42
EMP2=N*P1/2. _ .
EMP2S=EMP2*EMP 2 oo .
ENP2=N*P1/2,. . : : S .-
ENP2S=ENP2¥ENP2 : o - _
SNS=PHINS*(ENP2S+ALNDS*PHIS) . |
. ENSOSCRT{UNS) - : :
K1=ALMOS*PHIS~-ENP25 - ‘ - _ 3
IF {X1.LT«0.0) GO TG 4 . . : e
GNS=PHINS®X] . : oo
GN=DSGRT(GNS) : ' . P rTA
Lalh=GNtDCDS(GN}*(GNS+ﬁNP25&HUIS*PHINS)[(DN*DCOSH(UN)*(BNS-ENPZS#**
1FOIS#*PHINS) ) ‘
TOLIN=BN2TDIN®DCCSH(3N) +GN®DCUS(GN) - - _ .
TO1P=DCOSH{BN) /DCUS (GN) N
= TI11P=BN%DSINH{ BN)+GN*DSIN{GNIRTD1P
TOIL=-BN*DCUSH(BN) /7 LGN DCGS (BN ) ) ‘ : :
TDIIL=—2§DSIN(ENP&*C:IJ/(BN*(UNS-POIS&PHIN§¢ENPZS)#UCU;H(SN)
1-TOLL¥GNX(GNS+POIS*PHINS®ENP25 ) 2LUCOS{ GN) ) ,
IF (M«GTele) GO TO 3 . ' ) :
A(I-(N+IJ/2+K)=(TDIh*DSINH(BN)+DSlN(GN)L*USIN(ENPA#CSI)/TDIIN o,
Alle(N+1)/24K22=(1=-TVIP)#ISINLENP2#CSI)/TD1 1P :
ALIN+LI/24K2 o (N+1)/24K)=(TDIN*BN+GN) /TD1 1N ' .
A((N+1)/2+K.(N+l)/2+KJ=((uFlSttnpzs-aNSJtTDINtUSINH(uNJ+IUFls

-

XX=TD1IL*(DSINH (BNI+TOIL*OSINCGN) IRDSINCENP24CS 1)

ACLoI)=Allel)+XX * : . p
CALINSL)/Z24K 241 )=TDL AL*(BN+TDIL*GN)- .

A(lN*lilafKoIJ=TDllL4((UFIS#&NPZS-BNS)fDSINHIdN)+T01L¢{UFlS¥‘
LENP234GNS)*DSIN(GN) )} -

3 X1=((ENP2S-UFS#*BENS) /(BNS+EMP25) ) #TD 1 N*BN*DCOS H{ BN)
X2=C( (ENP25+UFS®GNS) /L GNS—EMPZS ) ) *GN# DCOS ( GN)
AX=Z2RISINC(EMPL ) $OSIN(ENP2)* (XL ~X23/TDIIN
AlLLMEL)/24(N+LD /724K )=XX
X1=((ENP25S-UFS*BNS) /(BNS+EMP2S) ) #DCUSHIBN)  « .
A2Z( (CNP2S+UFSEGNS) /{GNS—EMPES ) ) *TOLP#DCOS(GN) o
AX=2#DSIN(ENP2 ) ¥EMP2* (X1 +X2)/TD1\1P @
ALIM+LI/Z720(N+1 ) /724K 2)=XX y ‘
AL=( (ENP2S—UFS$#BNS) /7 (INS+EMP23) ) 8BNEDCUSH(BN) " _
XL1=(LENPZSHUF SBGNS)/ (GNS=cMP25) AaTD IL*GNSDCOS( GN) : e e
XX=22TOLIL*DSIN(ENP2)#DSIN(EMP2 ) ®{Xi~-X1'1) ‘ ST
ACIMA1)/720 1 )=AL(N#L I/, 1 )+XX ‘ _ ‘ » T
Gd TC 10

4 Xl=-x]

© GN3=PHINS®X] -

~




o~

GN=DSQRT(GNS)
IF (ENS.LT.2Z2) GU TG 6

T02N=GN*(PUIS*PHINS*ENPZS—éNS)/(BN*(HNS-PUIS*PHINS*ENPZS))

. TD22N=TDZN*BN+GN : .

- TD2P=1. : -
TD22F=BN-GN*TD2P '

TO2L=—=BN/GN

TDZZL=-2*D$IN(ENPi*CbI)l(BN*(BNS—PUIS*PHIhS‘ENPZS)*TDhL#GN*

1{SNS-POIS¥PHINS*ENP2S5) )

AF. (MaGTel) GO TC 5
CALLe{N*1)/72+K)=(TD2N+1 ) #DSIN(ENP2#CSI)/TD22N
TA(Ls{NFLI/24K2)=0.0. - “ i
A((N+1)/24K241)=0.0

-

ﬁ((N+1)/2+K.I)=T022L*(UFIS*ENPES—BNS+TD;L*(UFIS*:NPZS—GﬁS)J

CXX=TOR22L*(1+TD2L)}*DSIN(ENP22CSI) -
AlLleli=AL]11)+XX

ALIN+L)/724+K22UN+1)/24K)=0,0 : !

ALIN+LYI/Z24K s N+ 1)724K2)=04.0 ‘

&

ACEN+1) /724K o (N+1)/24K)=( (UF IS¥ENP2S-BNS) * TD2N+UF IS*ENP3S -

1-3GNSJ)/TD22N .

X1=((ENP2S—-UFS*BNS) /(BNS+EMP25) ) *TD2N*3N

X2={ {ENP25—UFS*GNS5) /L GNS+EMP25 ] ) *GN -
'XK=2#DSIN(EHP2)*DSIN(ENP2)*(x1+x2)/7022N ‘
AlLLMN+1)/720IN+1 ) 72+K )=XX : ’
XL={ENPRS=UFSEBNS)}/ (BNS+ENP2S)

X2={ ENP2S~UF S*¥GNS)/ (GNSH+EMP2S)
XX=CZ20SIN(ENP2 ) *EMP2¥%( X1-X2)/TD2 P

AfIM+LI/20 IN+L ) /724K Z)=XX :
1£=P(ENP25-UFS*BNS)/(8NS+EMP2$))¢BN~

X22=( {ENPZ25~UFS%*GNS )/ ({GANS+EMPLS ) } 2TV 2L%GN
xx=2¢TD£2L*DSlN(ENPE)*USIN(EMP2)*(X2+x22)

AlIMEL) /20 )2ALIMFLY /2,1 ) +XX

GO TC 10 -

<

T02N=GN*(POlS*PHINS‘ENPES-UNbJ*DCUSH(GNJ?(BQ;(BNb—PU15¢PHfNS*
~LENP2Z)Y#DCOSH(BN)) ' - . : :

TO22N=TD2N*BN®DCCSH (BN} +GN*DCUSH(GN)
TU2P=DCASH(BN) /DCASHIULN) ) )

TO22F =ON*OSINH{ BN)}=GNETD2P*DSINHEGN) )
TU2L=-dN*DCUSH(BN)/ {GNSDCOSH(GN) ) ) :

‘TDZZL=—2*DSIN(ENP2‘CSIl/ldN‘ldNS-POIS*PHINS#ENP2S)‘DCUSHLBN);
T TOSLEGNE (GNS—PUIS*PHINS*cNP2S)$DCUSHIGN) ) . ’ . S0

IF (MaGT.1) GO TO 7 i

All-(h+l)/2+K)=(TOEA‘DS!NH(BN)+DS]NH(GN)i*DSlNIENbZ*CSI)/TD&ZN-

ACL o IN+1)/724K2)=(1-TD2P ) *D5INC(ENP2%CS1)/TD22P

VALINALI/Z2+K20IN+1)/724K)={ TO2N®BN+GN) /TD22N v
A((N+1)/2fK-(N*l)/2+KJ=((UFIS*ENPES—BNS)‘TDEN*DSINH(BN)+(

LENP25-GN5)¢DSINHIGN)I/TD22N

A((Nfl)/2+Ko(N+l)/2+K2)=(UFlb*&NPZS!(l-TDZP)-HNS+TDZP‘GN31/TDZZP

AX=TI22L*{DSINHEBN) +TD2L*#DSINH(GN) ) #DSIN( ENP2%CS] )
AlLel)=A({l41)exX ' .
CALINSY)I/Z2¢K 2,41 }=TD22L* (BN4+TD2L *GN) ' _

ALIN$1)/728Ko1)=TD22L*#( (UF IS*ENP25-BNS)*0D5 INHC AN) +TD 204 ©
1(JF1SSENP25~-GNS ) %35 INH( Giv) ) | - ‘
© X1={ (ENP25-UFS5%BNS) /(BNS+EMP25 ) ) *TD2N*BN#DCOSH{ 3N)
X2=( {ENP2S~UFS&GN5)/(GNS+EMP2S ) ) #GN$DCUSH(GN)

' XX=24DSIN(EMP2) #DSINCENP2)# (X1 +X2)/TD22N S
.. ALUM#1D/25 (N+1) /724K )=XX —_——
XL LENP25-UFS®BNS) /(SNS+EMP25 ) ) *DCUSHIBN)

X2=( {ENP2S=UFS#GN5) /( UNS+EMPZS5 ) ) #TD2P*DCOSH(GN)
AX=2#DSIN(ENP2) %EMP L& (X 1--X2) /TD2 2P K

-
Lo




o

-y2u-

ALIN+1)/2, (N#1)/24K2)=XX . .
x2=((ENP2S—UFS*BNS)/(BNS+EMP25))*BN#DCUSH(BNJ
822=((ENPZS—UFS*GNS)/(GNS+EMPZSJ)*TDEL*GN*DCDSH(GNJ
XX=2¥TD22L#DSIN(ENP2)*¥DSIN(EMP2) #(X2+4X22)
- ALIM+1) /251 )=AL(M+1) /2, 1) +XX
10  CONTINUL :
. 00 11 N=1.K
11 A(N+K2.N+K2J=-l.
- ‘DO 20 N=1eK1l+2

00 20 M=1,K1,2

ENP2=N*P1/2a

ENF2S=ENP2*ENP 2 - . : _

EMP2=M*Pl /2. : _ : —_—

EMP2S=CMP2*EMP2 ' : _ . :

AM3=PHIS*{ ALMDS+EMP 25)

- EM=DSURT (BEMS) : ) )

X1=ALMDS-EMP2S - ‘ <

GMS=PHIS®X}.

GM=D3SCRT(GMS) '
‘TJlH=GM*(GMS+EMF25#PUIS#PHIS)*DCOS(GM)/(BM*(BMS—EMPZS*
1FUIS*PHIS)*DCUSHIEM)) N :

IDLIN=BM*TD1M*DCOSH {SM) +GM*DCUS (GM) _

1F (NeGTel) GO TC 12 o . A

A(lo(Mfl)/2)=(TDIM#CSlNH(BM*CSIJ+DSIN(GH#CSI))tDSIN(EMlelTDIIM A&

A((H*IJIZ.(M*l)/21=((UFS#EMPES*BMSI*TDIM#DSINH(BH)+(UFS#
1EMP25+LMS)*DSINIGM) )/TD11M e :

12 x1=(lEMFZS—UFI5*EMSJ/(BMS§ENP¢5))*TDIM#ﬂM#DCDSH(ﬁMJ .
" XE2=((EMP2S+UFIS$GMS)/(GMS-ENP25) ) *GM*DCOS( GM)
XX=2%#DSIN(LMP2) #DSINIENP2)» (X1 -X2)./TD11M .
© ALEINSLI/2H4K o (M¥ L} /2 )=2X " L ~ : B .
. X1=TIIMSCMEDCOSH(BM) /(BNS+cNP2S) . R .

X2=GME#DCUS(GM) / (GMS-ENP25) = : .
- KX=ZSEMP2SDSIN(ENPZ IS (X 1=X2)/TD1 1IN

. ACINYLI/Z24K2 o (M#+1)/2)=AX '
-+ 'Gd TC 20 : ‘
13 xl==x1

GM3=PHIS*X}

GM=DSQRT(GMS) ' )

IF (BM3.LT+Z2) GO TG 15 . ‘ .

102M=GM¢(PDIS*PHIS*EMPZS—GMS)/(UH*(BMS—POIS*PHIS*&MPBS))

TOZ2M=TOZ2MEBN+GM
- IF (NeGTel) GUP TO 14

TEST=BM-BM®CSI" ~

- B8=1.0 .

"IF (TEST«GTe60e) B=0,0 . T :

, A(l.(ufl)/21=BtDSlN(Eupz)t(Tuautunxp((thCSI—BM)-aJ+DExP((GM¢CSI
1=-GM)#8)}/7({TDZMEBM+GN) ' o S )

' A((N*IJIZ.(M+I)IEJ=((UFS¥EMPZS—BMS)tTDZM+(UFS¢EMP2&-GMS)J/T022M'
14 X1=((EMP25—UFIS*B8M3 )/ (SMS+ENP2S) ) &TD2MEBM :

X2=4{ (EMP25-UFIS*GMS )/(GMS+ENPZS) ) *GM
XX=2%DEIN{EMP2) OSIN(ENP2 ) (X1 +X2)/TD22M
. ALIN+L /724K o {M+ 1) /2 )=XX : .
“X1=TD2M*BM/ { ENS+ENP 25) , , ‘ } -
X2=GH/EGMS+ENP 25) ' - : . .
AX=ZSEMP2ADSINCENP2 )2 (X1+X2)/TD22M - . -
ALINSLI/724K24{M*+1)/72)=XX _ . . ‘ )

. GO TG 20.- . B . _ : ' . S
\ 15-TDEH=GH'(P0!S*PH]$*EMP&S—GMST*DCUSH(GMJIIBM!(BMS—PUIS#PHISt‘ . .
" 1EMP2S5)%DCOSH(SM)) . . ‘ - L

' -



-,

-

ANN ANA DA

110

21

Vo

16

20

TDZ&M=TD£M*BH*DCUSH(BH)+GM¥DLUSH(GH)
F (hN.GT«1l) GO TOD 16

(Io(Mfl)/2)‘(TDZM*DSINH(8M¥CSI)+DSINH(GH*CSI)J*DSIN(cﬂpzllfodZM

AL(M+1I/72e (M#1)/2)=({UF S¥EMP2S— HMb)#TD&M*DSINH(dM)f(UFattMPES-

1GMS)#DSINHI{GM) ) /TD2ZzM

Xl=(€EMP25~ UFIS*EM&J/(BHS*ENPBS))*TDZM#BM#DCUSH(BMJ

x2=((EMP25—UFIS*GMS)I(GNS+ENP25J)*GM#DCDSH(GHJ
2¢DSIN(EHPd)#051N(&NP2)*(X1+x2)/T022H

A( (NTL1)/24K 3 (M+1)}/72)=XX

XI—TDZH*BH*DCDSH(BH ZIBMS+ENPZS)

X2=GM*OCOSH{GM ) 7 { GMS+ENP2S) . : - B

XX=2FEMP2%DSIN(ENPZ *(X1+Xd)/TD£2M . : ‘

CALINFII/2¥K2,( M+1372)=XX

CONT INUE

CALL DETERM {A.1,DET) : '

PRINT llo:ALHDS.DET ) - L
FGRMAT(" 'ALHDS='.FIJ-7:1°X.'DET *+D20.5)

1F (ALHDb.GT.DLIH’ GO 'TOo 21 o o )
ALMDSSALMDS+DEL - . : . S
60 T0 1 - . R
CONT INUE o ' ' . i o
Srap . : . : . L. . - '

ENJ . oo . S

"SYSROUT IN: DtTEhﬂ (AsN,DET)

IMPLICIT REAL*B{A=H,0-L) .

DIMENSION A(99.99) : o

SIGN=1s - : ) . C L "‘i,w_;d;wul

LAST=N=1
START OVERALL LOOP FOR(N-I? PIVOTS
DS 200 I=1.LAST Lo

FIND THE LARGEST REMAINING TERM tN 1-ru COLUMN-FOR PIVOT

Blue=0a
CO 50 K=]1.N

- TERN=DABS(A(K,1)) - . L . .

e

v 3‘0

,59

IF (rsnu-axc)so.so.so BRI T

81G=TFERM = . i e,
=K Co S - :

CONTINUE 7 . g : :

"-cnecx WHETHER ' A Nou-zERu TERu HAS BEEN Fuuuo

IF (dIG)au.bboac , _
"L—=TH RUW HAS THE BlGuhST Taau—---xs I—L o

"IF (l-L)QD-lZO-QO

[y

I 15 NOT EOUAL TO L +5wiTCH ROUS l AND L

ZSIuN--SIbN

.0d 100 J=1,N . o _
LTEMP=A(1,J) ‘ , - S
ACLed)=A(L+J) o - N
MLy 3ISTEMP o . - . o

\
NQw START PIVOTAL REDJULTIGN



- ) 5
: ‘ RETR |
S . _ :
120 PIVUT=A(1,1)
NEXTR=I+]
fg- FOR EACH OF THE ROWS AFTER THE 1-TH - .
¢ 00 260 J=NEXTR N
E MILTIPLYING CUNSTANT FUR THE J~TH RUW IS ‘
¢ CGNST=AlJ,1)sPIVOT , " .
€ o REDUCE EACH TERM OF THE J-TH.ROW : . S
¢ 03 200 K=I,N T ' R

200 AlJeKI=A(J,K)- CGP«ST*A(I.K)

. END UF vauTAL RbDJCTlON—--NDu canburs DETERMINANT

. " QET=SIGN . - _

. .08 390 I=1,N L e .o S

R ;3oa J:T’UtT*A(I.lJ/lO-“ o L T R "

‘-' "... : - Gu Tc . - . ' . ot . .‘ ' . . . : "-. -
. 605 OETRG. _ _ 1 s -

(a¥alnl
e ey

.t 0 : - ) .
e 61. RETURN . ' : PR i T
- - - . ‘. EE . P ' - - . Yk
.- " ' e - . . . . T . N . . Y LT . “
N LN ol . . . - - . R . - )
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*r
T - . . . ] e
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- . D
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- . _ e
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CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCLCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCC
PROGRAM 12

c
c
c
THIS IS AN ANTISYMMETRIC MODE SHAPE PROGRAH FOR THE <
RECTANGULAR CANTILEVER PLATE FREE VIBRATION PROCBLEM., WITH c
POINT SUPPORTS SYMMETRICALY LOCATED OM THE EDGE PARALLEL TO c
THE ‘CLAMPED BASE. C
C
c

CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCC

-

CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCC
C

bddhnhnpnhnhnnnnnnnnnnnnn

- USAGE : THE FOLLOWING VARIABLES MUST BE PROVIDED; c
. o ) c
’ o le= K = AS DEFINED IN PQOGRAM 11l. Cc
:l . s N c
.-'“, : 2e.= €51 . = AS DEFINED IN PRDGRAM 11. C
: 3.~.PHIR = 28B/A FULL PLATE ASPECT RATID. c
v . . X C
) o=  ALMDS = EIuENVALUE. C
c . e, . . ’ c
Y Se~ KS .= NUHBER OF POINTS AT VHICH THE DISPLACE- [ o4
€ o . MENT w IS REQUIRED. ’ o [
N o . ) o Cc
€ ; . .Be= POI . = POISSON'S RATIO. C
. . C' o F . . c
" .cccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccc
c . _
ot AR ' : - T
C e IMPLICIT REAL®S lA-—H,O-Zl . : : -
DIHENSION Al99,99) :
p conuon-zz PHI.PI,PH!S.PDI,POIS,PHIN puxns urs urxs,ALvns,csx,K,Kz.
1KS . .
e K=ll!!!!2!!t!!!lt!l!t!!!
, ’Ks=f!!!!1?!!12!!1!!??!!1
v ‘CSI=!!11111!!1!!11!!!!!!
1Y TK2=2eK C
L K1=2eK=1 .
22=3600.
C e PHIRSIITIILIIIITRIYITIINY - o , :
L. o " PHISPHIR/ 2. o .. _ . . .
. ot ALHDS-!!!!!!!! Tr1? . : - .

rrree?
S ' - PRINT50,PHIR,K,CSI,ALMDS > : R o '
- B0 - FORMATI?1Y,'PHIR =',F7,. «.1ox4 K ,15,101,'csx‘- ,F?.a.1ox.'ALnDs
e 1'-.,P7o‘|,lll' . ) . ‘ .
. ‘54 FORMAT('= .30!.'1HE VALUES cr EM.EN,EP,AND Pe ARE",IIIII _
: = - C=1p . - ‘ ; . .
. ' PlI= A.onaruulc1. ' Co . ) - -‘_ . .
 PHIS=PHI®PHI -. - . . T B CLt oL

- POTIT0.333 S SR W.
.o . v ,pOIS=2=-POX . . : oo AT L : NS
* 7 U PHINSL1./PHI oo e LT .

= .7 .. " PHINSEPHINSPHIN " Y e

UES=POIePHIS . T . oL T T e

PRINTS1 . ' ; ' : , S



UFISSPCI®*PHINS )
I=3eK+1 ‘ : .
1 CONTINUE o

sy

INITIALIZE THE MATRIX TO 0«0

anon

00 2 M=1,I _ : R Ll
. DO 2 N=1,31 : o s , ' .

L . 2 .A[{MyNI=0.0 - : ' : ‘
N _ DO 10 V=1,K1,2
: 0g 10 N=1'K1,2 . Ty ' .
EMP2=MePI /2. . : Lo
EMP2SzEMPZSEMPZ - - o
ENP2=N*PIZS2, : . ; -
ENP2S=ENP2%ENP2Z - ' .
BNS=PHINS®*{ENPRSHALMDSsPHIS)
BN=DSGRTLEBNS) N
S X1=ALMDSSPhIS=ENP2S -

IF {X1.LT20.0) GO TO &
c . w.GNS=PHINS*xi . B
S ..ot GN=DSGRTIGNS) . . - o
oo TDlN=GN'DCOStGNI-tGNSfENPz§-Pozs-PHIN5:rleuoocosn(sns-laus—eupzs-
T 1POISePHINS)) : , -

.- TD1IN=BN®*TDINSODCOSHI(BN]) +GN*DCOS{GN])

T TO1P=DCOSHI(BN.)/DCDS{GN) :
« . . TD11P=BNSDSINHIBN)+GNSDSIN(GNISTDLP

'#  TD1L=~BN®CCOSHIBN)/(GN®DCOS(GN3J } o
o rn11L=-z-osxu¢Eupz-csxn/tan-caus—Porsopuxns-aupzs:-ocesulau:
. . : 1—T01L'GN-IGNSQPDISOPHINS‘ENPZSI'DCOSlGNIl

- - IF (M.,G6T.1.) GO TO 3 : _ :

. . \A(I{lN’llthKl=iTDlN‘DSINHIBN)*DSINIGNIl'DSIN(ENPZ'CSIIITDlIN
Arz,rn+1|fzong=(1-toxps-nsx~csupzac$x|/tnzzp :
AUIN®1)724K2,IN®L)/724K)=ITDIN®*BN+GN) 7TD11N
A(tnozllzou,|~o1|tz+un=l(urxsoeupzs-ansr-ro1~-osxnncaN)o(UF:s

LeENP2S+GNS)SDSINIGN)) ZTDI1I1IN e
At|~+1)12+K,(N+11fzoxzn=turxs-snpas-|1-rn1pa-sns-xo1p-c~sr1ro11p
HXI=T011L‘IDSINHIBNIOTDIL!DSINIGNll'DSIN(ENPZ'CSII .
AlIZIV1=A{I,I)+xX i
- A((N0'1IIZ+K2gID=TDIIL‘IBN+TDIL'GN) ) . . -
A(lel!lz’KgIl=7011L'i(UFIS'ENst—BNS)'DSINH(BN!otnlL'lUFISt
 LENP2S+GNS)I®DSINI(GN]) : T
B 3 x1=:tz~pzs-urs-a~sn/caus*enpzsn:-ro1~-e~-ocosu|a~n-
_~ K2ZZULENP2S+UFSOGNS) /IGNS—EMP2S) ) *GN®DCOSIGN) .
" XXZ2€DSINCEMP2}SDSINIENP2)®(X1-X2)/TD11N
i ALIMELYIZ2 4 INSL) S22 XX
K1={{ENP2S~UFS®ENS)/IBNS+EMP2S))*DCOSHIBN) . -
X2=4IENP2S4UFS®GNS) /IGNS=-EMP2S))*TDLP *DCOS ({GN) . s B
. .RX=2¢DSINIENP2)*EMPZ®{X14X2)/TDi1P : S

S AT IMel 22 3 INSL /2 4K2 XX .,

- X1=([ENP2S5=UFS*#BN5)/(BNS4+EMP25) ) *BNeDCOSHIBN) .
.x;x:lcsupzs+ursocusnrcsns-snpzsn|-roxL-Gu-ocostsns
XX=28TDLLL*DSINIENP2)*DSENIEMP2) S (X1 =X11) ' .
A(IM*LII/2,T)=ALIM+1D72,T) 40X
L ‘GO0 TO 10 oo : o s
‘ © &  Xlz==x1 ) , . . v
d " GNS=PHINS#*Xx31. : : e

- GN=DSQRT(GNS) _ : : LT

. .-+ IF IBNS«LT«22) GO TOD 6 ' : ' o : oL

e T 102N=GNOIPDISOPHINS'ENPZS-GNSQIle!iBNS-POIS'PHINS'EN2253!-ff

. 7 " TD22N=TD2NeBNeGN ' * T , . 3 . . o

K o I e,



e .

; ‘ .: . -H29—

TD2P=1.

“TD22P=8N—-GN®*TD2P .

TD2L==BN/ZGN s
TD22L=—=2*DSINIENP2¢CSI) Z/{BN*{BNS— PDIS'PHINS‘ENPZS)&TD2L‘GN'
1LIGNS—=POIS*PHINS*ENP25])

IF (M.GT.1) GO TO 5
A(I,(Hfll/Zle-lTDZN*ll'DSIN(ENPZOCSIIITDZZN
AlIZIN+LY/24+4K2)=0.0
(I(N+1)72+K2,1)=0.0 ) )
IN+1)IZ*K.I]'7022L-(UFIS'ENPZS BNS'TDZL'IUFIS'ENPZS GNS!I .
=r022L-|1+702L)t051~tenpztcsxl . . - i ” '
TyIl=AlTIy1}+XX y -
lN*llIZ+K2.lN+1I12+KI— 0.0

(IN+I)F72+K 3 IN+1)/724K2)1=0.0 - f
(N+1112+K,(N+1lIZ?KI—((UFIS'ENPZS BNSI'TDZN*UFISOENPZS,
I—GNSIITDZZN

KI‘IIENPZS UFSOBNSIIIBNS*EHPZS]I‘TDZN‘BN
-lZ“((ENPZS UFSeGNS) F{GNS+EMP2S)} )1 *GN

Xx= 2'DSINIEHPZI!DSINIENPZ!'(X1+121ITDZZN

'mltn+1lrz,|u+11/z+nl=xx .

. X1=(ENP2S-UFS®BNS) /LENS+EMP2S) oo _ R
X2=IENP25~UFS®GNS} / (GNS+EMP2S) ' '
XX=26DSIN(ENP2)$EMP2eIX1~X2)/TD22P )
ALIM$1)/72,IN+1)72+K2)=xX o
X2=((ENP2S-UFS®aNS5) /IBNS+EMP25S) ) *BN _ K

«X22=((ENP25=UFS®GNS) /IGNS+EMP25) 1% TD2L*GN
XX=2%TD22L%DSIN(ENP2) *DSINI(EMP2) s (X2+X22)

ATIM43 )72, T)=ALIM+1) /72, T)+XX
GO TO 10
TD2N=GN® (PODIS*PHINS*ENP2S~ GNSl'DCOSH(GNIIIBN‘IBNS Poxs-PHst-

" 1LENP2S)ISDCOSHIBN) )

TD22N=TD2N®BNSDCOSH(BNI +GNeDCOSHIGNS) . : e e

TD2P=DCOSHIBN) /DCOSHIGN) - o .
YD22P=BN®*DSINHIBNI—GN® TD2P*DSINHIGN]} . -
TD2L=—BN*DCOSHIBN) 7/ {GNODCOSHIGN) ) .
rnzZL--ztnsxnteuPz-csxa1|a~-ta~s-Poxs.PH1~s-ENsta-ocosutam:o
1TD2L*GN® [GNS=POISePHINSEENP2S)#0COSHIGN)) : L
"IF (M. GW®e1) GO YO 7
Alx.|~+1ltzfnl—troznaosxnalan1+nsxuﬂls~:|oosxntsupz-csxnitozzu
AlLo(N+1)/72+442)=(1=TD2P) eDSINIENP29CS1)2TD22P o
ACIN®1)/729K2,(N*L) F24KI=(TD2N®BN+GN) 7TD22N - .
ALIN®L1)/72¢K, IN#1)/724K)=LIUFISSENP2S=-BNS)*TD2NSDSINHIBN)I+IUFISS
LENP2S-GNS)®DSINHIGN) ) 7/TD22N
ALIN®1) /24Ky IN®1)/2¢K2) = IUFISSENP2S*(1—TD2PI=9NS+TD2P®GNS)/TD22P
xu:tozzut(nsxuﬁ}a~|+rozLosz~H|c~1n-osxntenszpcsxl
(I,I)0=A{X,T)exX y
((N®1)/2+4K2,1)=TD22LO(BN+TD2L*GN)
1IN®1}/24K,112T0D22L 8 {(UFISPENP2S~BNS)I®DSINRIBNI+TD 2L
UFIS®*ENP2S=GNS)eDSINHIGNY)
1-

A
A
A
by |
x ({ENP25- UFS‘BNSIIIBNSOEPstll‘TDZ?'BN‘DCOSH(Bhl

" R2SC(IENP2S~UFSO*GNS)I /7 IGNS+EMP2S))ISGNSDCOSHIGN)

" XX=2%DSINIEMPZ)*DSINIENP2)O® (X14X2)/TD22N SR : N
ALIM*1)/72,I8¢1)72+K1=X2 : ’ - '
"RE=({ENP2S=UFS®ENS) /(BNS+EKP2S))sBCOSHIBNI . R ' .
X2=(IENP2S—UFSO*GNS) Z{GNS+EMP2SI)I*TD2P*DCOSHIGN} s )
XX=200SINIENP2)*EMP2Ze (X1=X2)/TD22P , L )
AliIMe1)/2,IN®1)/24K2)2XX ) e,
X2=tIENP2S5~ urs-a~5|llausoerpzslloah-ucnsnlan). . L
xzz-llENst—urs-GNS|IlGNSoEerSliowoZL-GN-DCOSH|GNI I
Xx= ztrozzL-uszutsule0051N|£MP2|-tx2+xzzl .



10
11

-430-

ALIMOLY/2,1)=A0(M+1)/2,T)+xX
CONTINUE :

DO 11 N=1,K

AIN®K2 yN+K2)5~1,

DD 20 N=1,K1,2

B0 20 M=1,K1,2
ENP2=NepPI /2,
ENP2S=ZENP2%ENP2
EMP2=MepPYI /2.
EMP2STEMP2%ENMP2
BMS=PHIS® [ALMDS+EMP25S})
BM=DSQRT(EMS)
X1=ALMDS=EMP2S - o
IF €X1.L7.0.0) GO TO 13
GMS=PHIS®* X1

.GMZDSQORTI[GMS) . , . - ‘
To;n=ch-tcr5¢£anS-Pozs-PH15)tqcostsnlllano(sus-znpzs'

Y

POIS®*PHISI®DCOSHI(BM]) }

‘7011H=BN'T51M'DCDSHIBPI+GP.DCDS(GHI
. IF IN.GT«1)-GD TO 12

i

To12

AlI,(MfilIZI=(TDIH‘DSINHIBH‘CSI]fDSINlGM'
'AI(H’I]IZ,(MflIIZI:IIUFS'EFPZS-BHS)'TDIH'

EMP2S5¢6MS)SDSINIGM) ) /TDI1M

CS5I}Y)*DSINIEFP21/T011M

DSINHIBM)+(UFSe

K1=lIEHPZS-UFIS‘BHS!IIBMSQENP2SI)'TDIM'QM‘DCUSH(BP)
lZ=IIEHP250UFIS'GMSIIIGHS—ENPZSII‘GM'DCUSIGHI

xx=2‘DSINlEHP21‘DSINIENPZI‘(XI—

AUEIN®ID/2¢K M1} 72 22X

X231/7/TD11M

-Kl=TDlM‘B”'DCOSHIBMIIIBHS+ENPZSI

- Qla L

XZ=GM.DCOSIGH3IIGMS-ENPZS)

XK=2‘EH92'DSIHIENP21‘IXl-X2IIT011H

ALIN®L)/2eK2,(M+2)/72)=xx
GO TO 20

Xi==x1

GMS=PHISe*x1

- GM=DSQRT{GVS)

IF "tBMS.LT«Z21 GO TD 1%

TD22M=TD2M*BM+GM

TF IN.GT,1) GO TG 14

TEST=BM=BMeCS] N

B=31.0

"IF ITEST.GT.60.0) B=0.0

1

14

A(Ib(ﬂ*ll12|=8'DSINIEM921‘ITDZM'DEKPJlBH

=GM)®*B) )/ ITD2MeBEMeGM )

AIIH’LIIZ'IMfllIZI=IlUFS.EHPZS—
81=IIEHPZS-UFIS‘BHSIIlBMSfENPZS
IZ:'IEHPZS-UFIS.GMS|IlGMSOENP?S

KX=28DSINIEMP2) sDSINIENP2) ® X1+

a5
1

"IF dN.GTe1l) GO TO 16

ATIN®L) 724K, IM+1)/72)=XX
XL1=TD2MepBNwI/{BMS+ENP2S)
XL=GM/(GMS+ENP25S}

BMS)eTOD2Me(UFSsEMP

F)eTO2MeBM
1IeGM
X2) /TD22M

KK=2'EHP2!DSIN(ENP2!'lli’!ZJITDZZH
‘Allﬂflll!*KZ,lelllZ!:*x

GO YO0 20

:

iy

'Jozn:enolnoxsopuxsosnpzs—cnsn/(anclans-POIS-BHIS-EnpszI'7

'w§

-csx-anloal:osxb(fsn-csx

25-6¥s))/TD22m

rozn=cn-cpors-puxsgenrzs-cnsloocosnucrlllan-(ans-Po:s-Pnis-'

EMP25)*DCOSHIBM))

TD22M=TD2MSBMODCOSHIBM)I+GMOOCO SH (.GM)

AL, (M¢1)/2)=(TD2MODSINHIBMS®
ACIN®II/2,1Re1)/2)2(LUFSeEMP

r

. . } .o,

CSIV¢DSINHIGM®CST)
25=BMS)*TD2MeDS INH

L

J*DSINIEMP2)/s/TD22M

lan)olu#spsu#zs-..

¥



e

‘a0 noo

"100 AlLyJ)=TENP

oo

nOO _nean non

|
|

o _axc 0. -‘;

&y

-1

1Gn5l-DSINHtGHIIIT022M
16 X1i=tl{EVMP2S- UFIS‘BHSII(BHS*ENP25)I'YDcP-aM-ocosﬂganl
. X2=IVEMP2S—UFIS®GMS) /7 (GMS+ENP2511¢GH*DCOSHIGM])
XX=20DSINIEMPZ2)*DSINIENP2)*(X1+X2}7TD22M
ATIN®L} /724K, IM21)/72)=XX
T X1=TD2M*BMsDCOSHIBM) /{BMS+ENP2ZS) .
X2=GM*DCOSH(GM) /{GMS+ENP2S} -
XX=2¢EPP2*DSINI(ENP2)®{X14+Xx2)/7TD22M
ALIN+1L)72+K2,t+1)72)=XxXX
20 CONTINUE
DO 30 M=1,1
TEMP=A(M,I~1])
A(H,I-1'=AIH'I'
A{M,I)=TEMP .
30 CONTINUE : . O
CALL DETERM [A,1,DETI] :
> PRINTAL ) :
31 FORMAT|'1',1ox.'xxxxxxxxxxxxxxxxxxxx',1ox,'E~o',1ox,
1P XX XXX XEAXXXEXXX XXX XXX}
STOP
END

SUBROUTINE DETERM (A,N,DET) : :
..+ IMPLICIT REAL®S(A=H,0~2)
- "DIMENSION A(99,99) yX(99) ,EM{T5),ENL{7S),EP(75)
SIGN=1, , :
. M=N=21 . . 7 . .
* LASTEM=1 : )
. START OVERALL LOOP FOR(N-1) PIVOTS /
L

00.200 1= 1,LA57 o -

-«

FIND THE LARGEST J;HAINING TERM IN I-TH COLUHN FOR PIVDT

. . .
- Tr I

-, 00. 50 K=I,M.
‘TERM=DABS{AIKI})

IF {TERM=BIG)50,50530 CL E
BIG=TERM. ; . - T
L=k - ) _ . oL .
.CONTINUVE .-~ - -

K
3

woow
L ere ¢

.

CHECK HHETHER A NON-ZERO TERN HAS BEEN FOUND
'x? laxsloo.so.no ol e L L
L=TH ROW HAS THE oxdctsr TERM=ca=IsS I=L.

-
o

IF (I-LIQO 120.!0

I 1S NOT EQuaL Tg L,SbITCH ROVWS I AND L

..

D3 100 J=1,N
TEMP=ALI4J) . S
“l.-"—“l—,u"' ' s o © .

. Now srAnr PIVOTAL Reoucrxou . L ‘ ;
126 PIVOTS AtL,n L e B

Y

K

)
i
j
)
)
-3
|
I
'




n 0o 0ono

ano o

0NN

fnonn non

N0 000

200

nno aan

400

450

'Soo

550

Te -”_" o -432~

NEXTR=1I+1
FOR EACH OF THE RUOWS AFTER THE I-TH

DO 200 J=NEXTR,M -

-MULTIPLYING CONSTANY FOR THE J-TH ROW 1Is

CONST=A[J,I)/PIVOT
NOw REDUCE EACH TERM OF THE J=TH ROW

DO 200 X=I,N
A(J,Kl:AlJ,Kl—CONST'A(I,Kl

Tl

END DF PIVOTAL REPUCTION—- PERFORM dACK SUBSTITUTION

-~
v

M=N=-1 o _ b

N e

DO 500 I=14m [\ . L

IREV 15 THE BACKHARD INDEX GJING FROH M BACK Rs 1

. /
GET y(xﬂEVJ IN FREPARATION \

YSALIREV,N} / ‘ ’ .
IF (IREV-M) 400955004400 : .\

IREV=H+1=1 . - : L \ .

NOT WORKING ON LAST ROW,I IS 2 DR GREATER

DO 450 J=2,1 . T .

-WORK BACKWARD FOR Xl&l.XlN- l---ﬁ--SUBSTITU]ING PREVIOUSLY ..

FOUND VALUES

ENt1—-y
v Y-AIIREV.KI-lel

" FINALLY,COMPUTE X(IFEV] .
X{IREV)=Y/AUIREV,IREV)

FIND AND PRINT EM,EN,EP,AND P¢
L=(N=11/3 :

00 550 I=1,L
S Jz2er-1 ' E

PR!NTGOO,J

FORMAT {*=* PN ER(4),P

(J)
I2,3xX,%p=" '12 SXyt
05’5l|'EP( |12’.'



+

s§01

6§01
602

603

04

—433+

PRINTGOI

FORMAT(%1°,30X, "THE ANTI- SYHHETRIC MODE SHAPE DATA AREZ',7777)
CALL SHAPE (EM,EN,EP,P)

RETURN.

END

SUBROUTINE SHAPE (EM EN,EP L3

IMPLICIT REAL®2(A~H, o-Zl

COMMON Z2,PHI,PI PHIS,PDI,PDIS,PHIN.PHINS UFS,UFIS,ALMDS, csx,x K1,
1KS

DIMENSION bl(21,21l,!2(21 21l,h3121 211,&4(21.211.&(21,21!
1,EMIT5) ,ENTITS) ,EP(TS]) . . ] .
KS1=KS+1 , o .. - - S
ETA=0.0 : ‘ L ' T
DO 650 I=1,KS1 P ' : . ’ Y
‘P5I=0,.0 . - ' -
DO 640 J=1,KS2 o ' , R o L
411=0.0 : o o ) . A
W22=0.0 . L . o

Ww33=0.¢

d44=0,.0

DO 6§20 NS1,K1,2 . ‘ ' .
ENP2=N*PI/2.° ' : .
ENP2S=ENP2ENP2 - . B ’ .
8NS= PHINS'IENP25+ALMDS'PHIS) -
BN=DSGRTIBNS]) : .
X1=ALMDS*PHIS=ENP2S ' -
IF {X1.LT.C.0) 6O TOD 605 - - C
- GNS=PHINSeX1 e S
GN=DSQRT(GNSI : : .
TDIN*GNODCOSIGNl'lGNS#ENPZS'POIS‘PHINSII(BNlDCOSHIBNl‘IBNS —ENP2Se "
1POIS*PHINS))

TD1IN=BN*TD1IN*DCOSHIBN)+GNSCCOS(GN]

TDAP=DCOSHIBN) /DCOSLGN) . : -
T.D121P=BN®*DSINHI(BN)I*GASDSINIGN}*TO1P - . , oo
TDIL=—BN*DCOSHIBN) /{GN*DCOS(GN} I
t011L--2-051N(En92-cszlItauoleus-Poxs-PHxNSOENPle-Dcosntsul-
lTDIL'GNO(GNS*POIS‘PHINS'ENPZSI'DCOS(GNIl ] .
IF (EVA.EQ.0.0).G0O TO 602 ‘ : o ¢
"IF {PS1.EQa0.0) GO TO 6023 '

Xd2= ENlNl‘I701NODSINHIBNOPSII+DSINIGN'PSIIl'DSINlENPZ‘ETA)lTDlIN
Adaz= POTDIIL‘tDSINHIBN'PSIIotclL'DSIN(GN‘PSI!l‘DSIH(ENP¢'ETAI

IF (P51.EQe1.¢C) GO TO 601
XWdI=EPIN)*(DCOSHI (1~ Psxl-aNl TDIP#DCOSI(I PSII'GN)I'DSIN
L{ENP2SETA}/TD11P o

60 TO 604 S

Xe3I=EPIN)® (1=~ TDlPl‘DSINIENPZ'EfllITOIIP -

G0 YO 604 ' .
Ad2=040 . - —_— . ‘ . - T
. X43=0.0 . : _ : S L
"‘=°.° . . ) - . v ’ .

‘6D TO 604 - : - e .
XWd2=0.0 - : :

Xeaz=0,0 ' ) e

Xd 3= EPIN!‘IDCDSHIBNI-TDlP'DCOSIGNIl‘DSINlENPZ'ETAIITDilP
W2(I4J)=W224XN2 _ ] o _
W3tIy2)=w3deNw) o : o R S . > .
WAlIod)=WobeXwa - T : - FUE .

‘W22=d2(1,4) - ' . T

v3IsW3{I, N - ' L T o, - _
Weh=wall,yd) L . Lo . e



GO TO 620 -
605 X1=-x1
" GNS=PHINSexj3
GN=DSQRT LGNS} .
IF (BNS5.GT.22) GD TO 614
6 TDZN:GN‘IPOIS'PHINS'ENPZS—GNS}-DCOSH(GNJIIBN'IBNS “POIS*PHINS®
1ENP2S) *DCOSHIBN) ) ‘
TD22N= rozu-au-ocosutau:¢cnsocosntcul o
TO2P=DCOSHIBN)}/DCOSHIGN) . o /
. TDZZP:BNODSINH(BNI—GN'TDZP'DSINHIGNI : -
TDZL:-BN‘DCOSHIBN!IIGN‘DCDSHIGNI) l . !
rozzL--zoosxutenpzocsxn/(5~-|ans ~POIS*PHINSSENP25)8DCOSHIBN) + ;
1rozLoc~-tc~s PDIS‘PHINSOENPZSI*DCDSHIGN)I .
IF (ETA.EQ.0.0) GO TO 607
IF IPS1.€Q.0.0} GO YO 608
Xw2= Entnao(ro:uooslNh(au-PsxnoosxuuccuopsxniGBSIN(ENPz-ETAlATozzN
XU4=P'TDZZL'IDSIHHIBh'PSIl#TozL‘DSINHIGN'PSI]IODSIN(ENPZOETAlf
IF (P5I.EQ.1.0) GO TO 606 /
X3z EPIN)‘lDCOSH(II—PSIIOBNI-TDZP'DCOSHIll—PSI)'GNIl‘DSINIENPZ'
"1ETA)/TD22P - s /
_ GO TO 609 : !
608 X#3=EPIN)®(1~ TnzPl-DSINIENPZ‘ETAlITozzP‘_ /
" GO0 TO 609 . /
607 Xv2=0.0 - /
" XW3z0.0 .o’ - \ 7
XWé6=0.0 _ . - . . /
GO0 TO 609 . : . : .
6§08 XW2=0.0 , -
Xwaz=0.0 L Y.
© - XW3=x EPlNI‘(DCDSH!BN!-TDZP'DCDSH(GN!l'DSIN(ENPE'ETklITDZZ#
609 w2(I,J)i=w22+¢xw2 , S '
. W3t JI=w33exwd . !
Wallod)=Whéexya - : ' /
¥22=W211,J9)
W33=wI(I,J)

vhATWAII,J) : . o/
GO TO 620 /
‘610 TO2N=GNS{POIS*PHINSSENF2S— Gus)icaN-:ans-Poxs-PHINS-en 251))

T92L=-BNIGN
. 1—-2.DSIN|ENPZ.CSI|
ca= BN.lBNS-POIS.PHINS'Ehpzsl
CI=GNe® {GNS- POIS‘PHINS‘ENPZS'
TD22L= CIIIC2+TDZLCCJI
IF (ETACEQ.0,.,0) 63 TD 612
IF (PS1.EQ.0.01} TO 612
w B=21e0 .
‘TEST=BN=BNSPS] . .
IF (TES5T7.GV.60.0) B= 0.0
Xe2s B‘EN(N]"TDcN‘DEXP((BN‘PSI-BNl‘Bl¢DE!P(IGN.PSI-GN‘.BD’.DSINI
IENPZ.ETAlI(BN.TDZN’Gﬂl
X b= B'P‘TD?lL‘lDElPI(BN'PSI-BN"B)*TDZL.DEXPllGNNPSI-GNI-Bl"
IDSINIENPZ‘EYA'-' : B
© B=ls '. .
TEST= BN‘PSI . . '
"IF (TEST.6Y.60.0) B=0.o0 L L o Lo
-KdI3ZEPIN)eBoe [D Pll‘ﬂN‘PSIl'BT-DEKP(l-Gﬂ‘PSII‘B!i‘DSINIENPZ‘ETJ
11 718N=GN) : .o . S B - "
. .GD TO- 6§14
632 xv32=z0,.0. .
lia 0.0 o B

A

.




514

‘620

Xwa=0,0 ) . o ~\. .
W24I,J)=wW22+X¥2 : ' . . .
NMALI G JI=W3I+XWS -

YR{I ,J)I=SWAA+XYA _ . . ) ) .
W22=w2(1,J4) : - L L _ : s
w3I=W3I(I,,J) U .

wh4=waALI,JI} - : .

CONTINUE

DO 630" M=1,K1,2

EMP2=MePI/2, C ‘ S

EMP2S=EMP2EMP2 .. C Lo

aMs= PHIS‘!ALHDS+EHP2$I ) . T

-BM=DSORTIBMS]) ' S . Do .- . e

T X1=ALMDS<EMP2S5S e ) e DT

"IF {X1«LT20.0} 60 TO 525 - . " .- R
GMS5=PH]IS® X1 . ' .

- 13 S

622
624

25

1s

626

627

GM=DSARTEGMS]} - .
To:n-cnttGnSoEHPzS-POIs-PHIS|-Dc05tsn1rlnn-(ans-enpzso
1Pars-Pa151tocosntBnli . - o
TD11M= 8H'TDlM'DCOSHI8HI+GMO0COSIGM! o ‘ .
IF (ETALEQ.0.0) GD TO 622 h ‘ .

IF IP51.EQ.0.0} GO TO 622 toe

Xwi= EM&M}-troxn-osrunlnn-ETAloosxu(GnoerA):tosxulsnpz-Psx:lrox1n
GO TD 624 _ - .

Xd1=0.0 - '

witI,J)=wliexwl . . . _ . : ) - ‘
¥11=w1ll,Jd) - . ‘ Y

G0 TO 630 . . . . . R \-
X1==Xx1 . . . ’ )
GUSSPHISs X1 . ) L - . -
GM=DSOQRTIGMS) ' , ;o . : .
IF (BMS.GT.Z2) GO TO 627 ‘ .-

TD2M= GH!IPOIS‘PHIS‘EFPZS—GMS)‘DCOSH(GM)IIBMO(BMS-POISOPHISC BN
LEMP25) *DCOSHIBM)) . Lo
TD22M=TD2M*BM*DCOSHIBMI+GMeDCOSHIGM) AN

IF LETA.EQ.0.0) GO TO 626 - . : N
IF (PS1.EQ.0.0) GO TD. 626 S o
Xwis= Eulnuo|rozn-DSINHIBM-ETA1+D$1NH(GM-EtA||0051uleupzopsxllrozan ‘
G0 TO 629 _ e
Xd1=0,0 ‘ o T . .

G2 TO 629 .
rozn_cnttPoxs-ans-Enpzs-Gn5|fiau-lans-PoIsaons-EanS|l
IF (ETA.EQ.0.0) GO TO 628 , e
IFIPS51.EQa0.0) GO TOD 628 s S L - A
B=1l. ’ - ' . . T .
TEST=BM=BMeETA ) _ g o - ' .
IF ITEST.GT4.60,0) B=0,0 ‘ '
Xal= EHIM)‘ITDZH'DEXP(lBP'E?A—BM)‘B)oDEKP((GH'E?A—GMI'E!!'DSIN(
1LEMP2ePSLI) B/ IBMOTD2MeGNM])

GO TO 629 :

Xd1=0.0" M

an

wiil,J)=vilexul . , L .
.Wi1zwi(Y,Jd) , . . . .
CONTINUE : ‘ : .

il JISWLlL g en2ilqd)+w3 I J)+ual(l,y) .

IF (PI.GT.0) GO TO soo .
‘PRINT ‘35.PSIQETA,11J'IltI,J,.I J"zll.J"I’J"J‘IQJ”X’J’U‘.I'J'
FIRMAT(® =3 PST =%y F5,.3,2X%ETA =" ,F5,3,3x,%wi(%,12,%,%,72,%) =°,
‘1D12. 5.3:,'u2¢'.xz,'.'.tz.'| =*,012. 5,31,'u3¢‘.12,'.',:2,') =4,
1012 5.3!. .ﬁt.QIZ’.".Izg" =¥ ,012.547) . . :
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800 anrsss.Psx Eu,r. o W ' o
636 FORMAT(®*- ,zox: PSI = :
1elt,r2,%,%,12, =%,01 §
.. PSI= PSIOI OIDFLOAT'KSI !
~~.:640 CONTINUE : i
.- ETASETA+1. OIDFLOAT!KSI )
650 CONTINUE o
" RETURN ) i
END N
i
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LT o -y37-

c
c .
cccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccc
[ = o~ [
- € . PROGRAM 13 . . c
c ] : o c
c . THIS IS A SYMMETRIC MODE EIGENVALUE SEARCH PROGRAM C
c FOR THE RECTANGULAR CANTILEVER PLATE FREE VIBRATIGN PROBLEM, c
c WITH SYMMETRICALLY DISTRIBUTED POILNT SUPPORTS ON THE LATERAL c
c SURFACE. {ONE POINT SUPPORT ON EACH SIDE. OF YHE PLATE czutnAL,FMa\g
c AXIS.) : ' _ '
c . - _ : c
cccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccc
c : - : . N
[ e -
qccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccecccc
c s ‘ : M _ ‘ b
€ USAGE 3 THE FOLLOWING VARIABLES MUST BE PROVIDED; c
-~ T 1o-'K = THE NUMBER OF TERMS TG BE USED IN THE r
c o - . : -SERIES INVOLVED. FOR 5 DIGITS ACCURACY R
€ L s - g USE Kk = 3o, c
N W Tt . T : . ) C
S - 2.- U = 0 TO 1, PROVIDING THE DISTANCE BETWEEN c
C T _ - THE CONCENTRATED FORCE(PGINT SUPPORT) C
C AND THE PLATE CLAMPED EDGE. AXIS DIVIDED c
- BY SIDE LENGTH A, ﬁ c
B - . S c
-3 A = € YO 1, PROVIDING THE DISTANCE BETWEEN c
[ 4 ) THE CONCENTRATED FORCE(POINT SUPPORT) c
c. - : AND THE PLAYE CENTRAL AXISDIVIDED BY ¢
e A . ‘ SIDE LENGTH Ba . Vo c
c’ by e . . B ) l'f i . . ' . c
i ¥ . fa= PHIR = 2B/Ay IS THE FULL PLATE ASPECT RATIO, c
c : ’ ; . ; C
C ~.Be= ALMDS = AN INITIAL STARTING.VALUE FOR THE EIGEN- C
c -7 K . " VALUE SEARCH. 4 . : c
c . ’ . “\ - ’ - { ‘l T c
S - T Se= DLIM "= A FINISHING OREIGENVALUE SEARCH ENDING c
c - - : LIMIT. IT- INSTRUCTS THE COMPUTER wHEN TO c
. -3 . HALT EXECUTION, . c
C . S . . Y ; c
L€ i, . 7e~ DEL = EIGENVALUE INCREMENT c
[ . e iy L : c
c T . 8e= POIX = POISSON'S RATIO. B
c- P . - - . ‘ . c
. cccCcccccccqcccccccccccccccccbcccccccccccccccccccccccccccccccccccccccccc
c .‘ ) - . ) .
IMPLICIT REAL®S(A=H,0~2) - ) S
ODIMENSION A[99,9%) . -
i KsrrreeePRRRYR?YRYRYRIOY ” .
22=3800 8
oL YSTITTITRTROYETNITORRYTIIIYITIRIOYL
UarrrrrrrIYIITIRYRREYYYIYIROY Y . .
PHIR=T1Y22I0P2YR2TYIYTYR?Y? oo : -
PHI=PHIRZI2, .
PRINTS50,PHIR, KyUyV g 2 - ‘
50 FORMATI®1* ,6Xx,'PHIR SOy FBabyE Xy 'K =V TA,EX, =V yF8eb,y6X,
1‘U.='.Fl.&.lllll . ’ C . i .




Kiz2sK=1 ‘ : Lo

. C=1, . 4 ' o :

P I=h *DATANIC)

, PHIS=PHISPHI o ’ ; : o

v - POI=YIYTRYRRYIYITTIYIYIIPRINCYLYL ‘ : e o . .

. i POIS=2-P0O1I : .. - L.
PHIN=1./PHI * . ‘ : o - : :
PHINS=PHIN®PHIN _ . . .

., UFS=PQISPHIS ' - S Co o :

' UFIS=POI*PHINS ' - - _ ‘ "
I=3eK . . . .
OLIM=T2ITIIIITI]? S :
‘ALMDS=111TITTYIDY?

“\" . DEL=tTIMIYIIIYY?

1 CONTINUE

€ INITIALIZE THE MATRIX A ‘ _ C o .

c e . - o

vl s
-y
E )
O‘.o.ﬂ
(LR ]
L
o
LR ]
L R ]
L A X

cL=I+1 ) -
2 DO 2 M=1
~. DO 2° N=1
A{M,NI=0O o
-2 CONTINUVE : .
- DD 3 N=1,K - - :
3 AlN*Z'K,N*Z‘Kl——l. ' .
DO 10 M=1,K1,2 . ;
DO 10 N=1,K _ T . : L N
JN=N=1 . . . t‘ M
EMp2= M-PIIZ.- . ‘ oL : .
EMP2S=EMP2sEMP2 : L
. ENP=JNepPI ' ' ' A
ENPS=ENPSENP
BNS=t1. IPHISI'IENP'EAP+ALMDS‘PHISI
BN=DSQRTIBNS) ‘ , e
X1=ALMDS®*PHIS=ENP®ENP X . . '
IF {X1.LT«0.0) GO TO" 5 ‘
GNS=(1./7PH1S5)*x1 "
GN=DSORTIGNS) ‘ .
- X=POISSPHINSYENPS T
. TOL=(BN® {BNS— =X} *0COSH{BN))/IGN® {GNS+X) ¢DCOSIGN))
. . TD1iP= DCOSHIBNIIDCOSIGNI . <.
) pL=1.0
IF 'N-EQ 1.01 pL=2,0 . . )
ALN=DCOS{ENP®Y) *sDCOSHIBNS [1~ Ul)IlDL'PHIS'PHIS‘lBNS#GNSl.BN‘
1DCOSHUIBN))
B1N==DCOSIENPSV)*DCOSIGNS (3= ulIIIDL-DHIS-Pnzs-la~5+cn=l-GN-,
10COS|GN)I -
CiN= DCOSIENPOVIUDSINHIBN‘UlI(DL.PHIS‘PHIS'(BNSOG&SI‘BN.DCOSHI N}
DIN—-DCDS(ENP‘VIODSIN(GN.UIIIDL'PHIS'PHIS'IBNS*GNSI'GN.DCOSIG 1)
X=UFIS®ENPS o ", \
TD11N=BNPDCOSHIBN)+TOD1*GNeDCOS(GN])
FD11LP=BNSDSINHIBNI+GNSTDLIP*DSINIGN)
IF {(M.GT.l.0) GO TO & :
A(L.Noxl-tDSINHlaNtunotolaosrulGNtUJl-DCOSIEuP-v)tToliu
_AtL.NfZOK)-tocosutaﬂtlx-u:1-701P-ccoslGn-tx ulli'DCOS(ENPOVllfbllP
o AINE*K gN*KI=({UFISeENPS~ BNSI'DSINHCBNIO TD:tlUFIStENPSocNSl-
10SINIGN)})»ZTD11N -
ATNS2SR N¢K )T ({BNeTD1GN) /TD11N ' : :
¥
Al

s L . L -
oL - ) -
P +)

NeK Ne2 oK)= (xo {1~ TDIPI-BNS-GNS'TDlPII?DIIP '
N#K sLI =S {X-BNS)FSCIN+*IXN+GNS)I®DIN N -



.'T022N“BN‘BCOSHIBNI+TDE'G&'DCUSHIGN}

~439-

—_

AIN+2OK,L)I=ALN®*BN+BIN*GN
X1=(IENPS—UFS*BNS)/IBNS+EMP2S) ] *BNSDCOSHIBN)
X2={TD1* LENPS+UFSeGNS)/IGNS—EMP2S) }*GNeDCOSIGN} -
XX=(DCOSIENP)*DSINIENP2) /TD1LN)®LIX1-X2) :
AlIM*1)Z72,N+K)=XX%2,0
K1=lIENPS—UFS®*BNS) 7 IBNS+EMP25S)1DCOSHI{BN]
X2={TOLP* (ENPS+UFS*GNS}/7IGNS~EHP25))*DCOSIGN)
"XX=2*DCOSIENPI®EMPZe (X1+X2)/TD11P
AlL{M+1])1 72 ,N¥2*K]1=XX

GO TO 10 .

Xl==X1 ;

GNS={1l. IPHIS]'XI

GN=D5QRTIGNS)

X=POIS*PHINS®*ENPS

IF [(BNS.LYV.22) GO YO &

TJD2=BNe (BNS— XIIIGN‘(X =GNS))

TD2P=1.0 . .
X=UFISSENPS ‘ ' o
TD22P=BN-GN

TO22N=BN+TD2*GN

oL=1.0

IF (N.EQs1.0) DL=2.0

A2N= DCDS(ENP'VIIlDL'PHIS'PHIS'(SNS-GNS)'BN!
BZN‘—DCOS(ENP.VIIIDL‘PHIS‘PHISOlBNS ~GNS5) *GN)
C2N=DCOS{ENP*V) 7/ (DL*PHIS*PHISs [BNS=-GNS}®*aN)
D2N==DCOSIENPSY )} s{DL*PHIS®PHISS(BNS~GNS}®GN]}
IF (M,GT.2.0) GO TGO 7?7

8=1.0

"TEST=BN=BN»*U

"IF ITEST«aGT.60.0) B=0.0

AtL.Nona-atloExpltau-u a~ise|+Toi;gz}P(is~tu-cN1-e:|-ocustE~PtV)l
1U{BN+TD2*GN) . T
B=1.0

TEST=BN®U

IF (TES5TaGT.60.0) B=0.0
AngN*Z'KI-B‘(DE!P(l—BN‘U)'Bl—DEXPlI—GN’UI‘BIl‘DCOSlENP’VIIlBN GN)
A(NiZ'K,LI-B‘lAZN‘BN'DEXP(I—BN‘U)'BI*BZN‘GNODEKP(l GN.UI'B)I )
"B=1,.0

TEST=BN=B8HNey

1IF {TEST«GT.60.,0) B=0,.0
AIN#K,LI-B‘(lX-BNSl'C2N-DEXPIIBN'U-BNI‘B!OIX-GNSI‘DZN'

" 1DEXPIIGN®U~GN)»B))
T ALN*K G NeK )= IX=BNSH+TC 2% (X~ GNSIII?DZZN'

AIN02'K NeKI=0.0

AIN+K , anz-rci-o 0 _ S ' L

GO To 7

.TDZ—IB&‘!BNS-X)'DCOSHIBNlIIIGN'I!—GNS!'DCDSH(GNII
TO2P=DCOSHIBNI)F/DCOSHIGN) .
X=UFIS®*ENPS

TD22P= BN‘DSINH(BNI-GN-T02P‘DSINHIGNI

PL=1.0

IF ll’EQ.I.OI DL=2.0
AZN'DCDS(ENP'V"DCDSHIBN'II—U]lIiDL'PHIS‘PMIS‘(BNS-GNS)-BN'
L0COSHIBN) )
BZN'-DCOS(ENP‘VI‘DCOSHIGN.‘l—UIIIIDL‘PHIS‘PHIS'(BHS-GNSI'GN.

" ADCOSHEGND )

C2N= DCDS(ENP‘V!.DSINHCBN'UIIIDL'PHIS'PHIS.IBNS GhSl‘Bh‘DCOSH(BNll

DZN--DCOSIENP'UI.DSINHIGN.UIIIDL‘PHIS'PHIS‘lBhS-GNSI‘GN'DCDSHIGNIl

IF lH GTe«1l.01 GO YO »
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"1 _%DSIN UGM))

'-n81H=DSINCEMP2'Ul'DCOSIGF.ll-
'C1H=DSINlEPP2'Ul‘DCOSHlBM‘V

.

'AIL,NOKI=1QSINH{BN‘U)+TDZODSINHIGN‘UIﬂ‘DCOSIENP'VIITDZZN
AIL,N02°K|=IDCOSH(8~-(1-ul)—TDzPsocosulGhvll-U)3)-oc05(ENP°vl/
iTo22p
A(N+K,N+Kl=llx-BNSlODSINH(BNlOTDf'lx—GNSl'DSINH(GNIIITDZZN
AIN+22K, N+XI=(BN+TD28GN) s TD22 N :
A(NfK,NfZ'KI:(UFIS'ENPSO(1—TDZPI—BNS+GNSOTDZP)ITDZZP
AUNSK, LI = (X=SNS)*C2N¢ IX~GNS})eD2N
AUNS2OK L )=AZN*BN+B2ZNRGN

G0 TO 8

X1=llENPS—UFS‘BNSlIlBNStEMPZSII'BN
xz;l(ENPS—UFs-GNSiItcus+eﬂpzs|locuoroz
xx=(DCOSIENPl'DSIN(EHPZ)I?Dzzhl'ix1+x21
AlIM+1)/72,N+K)=xxs2,0

X1={ENPS-UFS®BNS)/(BNS+EMP2S)
xz:(ENPS—UFS'GNSIIlGNSfEHPZSl‘
xx:z‘DCOSIENPlOEHPZ‘I?l—x2)ITDZZP

CALIMeLIZI2  Ne2 oK) =xx

G0 TO a0 N '
X1=l(ENPS-UFS'BNSlIIENS+EHPZSIl‘BN'DCOSH!BN)
x2=(lEhPs-uF5tGNSlI(GNSoEnPZSlI-GN~DCOSH(GN|-roz
xx:(DCDSIENPl-DSIN(EHPallrozzN)-lx1+x2) ‘
-"Al(ﬂfl‘llZ,N'H(l:xx-Z.O .
x1=(lENPS-UFS'BNSII(BNS’EHPZS!)-DCOSHIBNl

fAXZ:(TDEP‘(ENPS-UFS‘GNSII(GNS#EHPZSI!'DCOSH(GNI L ST

xx:thCOSIENPJ-EMPz-lxl-lelTozzP‘
ALIM+TI 72 ,Ne200)=xXx . -
CONTINUE :
DO 20 NZ1,K : -

DO 20 M=1,Kk1,2 , -

 IJN=N=1

ENP=JNsP]
ENPS=ZENPSENP

EMP2=Mepl/s2,

EMP2S=EMP2¢EMP2 . :
BMS=PHIS® (ALMDS+EMP2S}
BM=DSQRT{BMS) o - - : : .
K1=ALMDS=EMP2S . : , ' . *
IFIX1.LTe0.0) GO TO 13 ' ' :

GMSZPHISe X1 L .
GM=DSQRTIGMS)

7LIBMS+GMS) *BMeDSINH]
((BMSeGMS) eGMEDSINIGM
MS+GMS)®BM3DSINH({BM) )
S+SGMSI*GMIDSINIGM) ) .

INH(BHIIIIGMOIGMS¢PDJS'PHIS!EHRZSI

ALM=DSINIEMP2oU)eDCOSHIBMS (3 BM) )
¥
)

01M=DSINIEPPZ‘U)'DCOSIGM‘V}

v
}
(
74
701=IEF‘IBMS-POIS'PHISUEnpzs .

-V}
vidrs
riileg
{ttam
}YeDs

TO1=TD1s{~1)

’»rox;:auoosxnnlbnl-to1ocn-osx~tcul

.!X:GIBH'DSINHIBMIIIIBHS#ENPS)@TDI'GH'DSINIGH)ICGHS-

'“'.f&;m-£~95|11205npz-oc0515~9117011 . R

"IF 1JNGGT.0.0) GO TO 11 .
XX=XX72

. AENe2O K, (MeL) /2)zRx : - .
,.x1=:|Enpzs-urxs-ansy/cansoenpss:-an-ocosue~p)-nsxnalan)

'la:leHPES'UFISOGMSIIlGPS-ENPSlIOGH.DCOS(ENPl'DSINIGH[‘?D;

L KK=(X24X1)820DSIN(EMPZ) 7 TDs 1

i!&=lﬁ¢05ﬂlBH'VI+TDIODCOSIGP‘Vll'DSINlEMP?'UlITDIi e oo

" IF (JN.GT.0.0} GO TO 12
o RREXNLZ . : :
'“AlIHOIIIZ.LI=IUFS‘EMP25-QHSl'C1H0lUFS‘EHPZSQGMS1001!

» ) . ) . .\. . —~
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12

Fe s

14

1s

"C2M=DSINIEMP2oU)I*DCOSHIBMO®V)/ [ (BMS~GMS)*BM*DSINHIBM) )

XKL= Z'DSINIEMPZI'DCOSIENP)’111¢X211T022

XX1=xXx172

"AU(M®1372,L)=(UFS*EMP25=BMS) 3 C2M+(UF S®EMP25—GMSI®D2M
'sz-llzntccosnlBHOVI#BZH'DCDSH(GM'V)I‘DSIN(EHPZ‘UI
ATLLITACL L) +XX2

1GMS) *DCOSHE{GM) ) /TD22 . .

 RX=XX/2

D2M==DSINIEMP2%U

“4h1-

Xx2= (AlH'DCOSHIBH‘V)+BIP‘DCOSIGH'V!)'DSIhIEFPZ'UI
ALy LI=ALL LY *+XX2

AlIM+1) 72, (M+2) F2)1={ [UFS*EVP2S~BMS)*DCOSH(BM)+TOD1{ L
LUFSSEMP2S+GMS)I*DCOSIGMITI /TD 11 : i )

ATI+1,({M+1) /72)=XX4 “
AINe®K, [M+1} 7215 XX
GO YO 20

X1=-x1,

GMS=PHIS® X1 ,
GM=DSORTIGMS]) ' : : -
IF {(BMS.GT.22) GO TO 15 .

TD2={8Fe (BMS—POISCPHISSEMP2S) SDSINHIBMI ) * (- =1} /(GM®{GMS=POISS

IPHIS®EMP2S)*DSINHI(GM])

TD22=8M*DSINHIBM) +TD2%GM*DSINH[GM) ' o S
A2M=DSINIEMP2eU)®DCOSHIBM® (1—V}) /({BMS—GHMS)eBMeDSINHI{BM) } -
B2M==DSINIEMP2OUYSDCOSHIGMS (1=V) } 7 ((BKS~GMS)sGMSDSINHIGM) }

D2M=~DSIN{EMP2*UI *DCOSHI{GM*V) /{{BMS=GHS) SGMSDSINHI{GM)) - ' ' v
X1=BMSCSINH(BM} 7 {BMS+ENPS) - . : S

., X2=GM*TDZ*DSINHIGM) /IGMS+ENFS)

XX=20DCOS(ENP)®EMP2% [X1+X2) /TD22 ' o
X1=({EHP2S-UFIS®BMS} $BMeDSINHIBM) /(BMS+ENPS) :
X2=(EMP2S—UFIS*GMS)®TD2¢GM*DSINHIGM} /7 (GMS+ENPS)

IF (JN.GT,0,0) GO TO 1s -
XXS-IDCOSHlBMOVI¢T02'DCOSHIGM-VlI‘DSINIEPPz'UIIT022
AlI+1,iM*1)/2)=XXE

XX=XX /2

A((H+1IIZ.IM011121-IIUFS'EVPZS-BHSI‘DCOSH(BH)+TDZ'lUFS'EHPZS—

A(Nozox,tno1112|-xx : : )
AiNeK ,tMe2) 7218 xX1 i . .

GO TO 20
toz-lav-(aus—Poxs-Puzs-EanSI1:(-111lsn-tcns-PoxsopnxsoEn9251l
TD22=BM+TDZOGM

X1=BM/{BMS+ENPS)

X2=GM*TD2/(GMS+ENPS)

AX=2%DCOSIENP)IPEMP2e (X14X2)/TD22

X1=lENMP2S=UFIS*BMS) *BM/ {AMSEENPS) - . :
X2=(EMP2S~UFIS%GMS)#TD2e¢GM/ (GMS+ENPS) . " T ‘ -
Xx1= z-DSINIEMPZItDCOSlENP)-|x1+x2)lrozz . ‘ ‘ o :
IF (JN.GT.0.0) GO TO 214

XX1=XX1/2°
D= an-(paxs-anSoevpzs-ans:t(cv-(sns —POISEPHISEEMP25)) :
B=1,0 . -,
TESY Er-BMeyY _ : L : : o :
‘ATESTeGT460.0) B=0,0 - L e
xxs BS(DEXP ((BHOV=3M)eBI+DDEXP(IGMoV~ GMI‘B))‘DSINIEHPZOU!I V-

1(BMeD*GM) _ ,
ACI+1,{Me2)72)=XXE S e
AUIMeL)72,1Me3) /2) '

ursoevpzs-aMS|+roz-(urs-vnpzs GHSllltozz -
(BMS=GMS] ) . , ' L

={l
AZM=0DSINIEMP2sU]) 7 BM»
(GFe{BVMS~GMS)} ; o o L
Bmw . . : .
LG

r

B2M=~DSINIEMPZ2*U)/

C2MZDSINIEMP2aU) /7 L tBMS~GMS L)
| IV

¢{BMS=GMSI) . .



. ~8=1.0
hPI TEST=BM-BMey
L o IF (TEST.6Y.60.01 B=0.0
, AE(M+1112,LI—BOIIUFS'EHPZS—BHSl'CZH‘DEXP((BH'V -BMien) e
ST 1LUFSeEMP25-GMS) *D2MIDEXP ((GMeV—GM) #8) )
© v ... TESTSBM—BMasy
" IF (TEST.LT.60.0) GO YO 16
xx-(AZHIZI'(1+DExP(—2'BH.VIlleZMIZI‘IloDEXPI-Z'GHOVSI
- GD TO 17
16 xx= lA2H!2l'11+DExPl2‘IBHOV-BMI)leBZHIZI'll*DExPIZ'(GMOV-GH 1)
17 " AlLyLIZAIL,L)eXX :
. 60 TO 14
20 CONTINUE
CALL DETERM [A,L,DET)
. PRINT110,ALMDS,DET '
‘110 FORMAT(® 8, %A MDsS=%,F12, s,1ox.!DET *sD20.5)
: ALMDS= ALHDSGDEL .

. IF [ALMDS.GT.DLIM) GO ro 21
. 60 YO 1 : :
21 CONTINUE _ . . . ;-
: ' . STOP : . : ' '
AN _ ¢ END . ‘ C .
SUBROUTINE DETERM (A,N,DET)

IMPLICIT REAL®8(A=-H,0~2) - S _
DIMENSION a(99,99) . _ : . ) -
‘SIGN=1, ‘ ' ‘ : ' -
LAST=N=1

"1srnar OUERALL LODP FCR(N 1; PIvOots S
DD 200 f=1,LAST o

,.FIND THE LARGESI REHAINING TERM IN Y-TH COLUMN FOR PIVDT

—_—

e ;n‘-'ﬂ_-azc-o. Lo 3 e K S S .

nan ano

‘D050, K=I4N - _ Co S Co
TERM=DABSIAIK,I}) ‘ R S
IF": ctﬁhu-axclso.so,ac c

[}
o
o ..

e . BICSTERM . :
S LK - : . L - T
- ' CONTINUE ° S : . : ‘ :

»
-

'CHECK hHETHER A NON- ZERD TERM HAS BEEN FOUND o .

- . - *

8 -

'”IF IBIGIOO 50,80
L=TH ROW HaAS THE BIGGEST TEPH--—-IS I-L

IF (I- LISO.IZO,SO

nO Nno- oho

1 IS NGT EQUAL TO L,SYWITCH RO&S I AND L . ..
SIGN==-SIGN : : o S
DO 100 J=1,N e T -
TEMP=ALTyd) : : ; ’ -

AtTed)=A(L, 0 . S
100 A(L,J)=TEMP . o s

c
C H_HBE START PlVOTAL QEDUCTION
c

-

120 vaor-atr.xn ' o T o



OO OonNo. Nn

non

200

300

60
61

H
v
LI
.

"MULTIPLYING CONSTANT FOR THE J=-TH ROV IS

D0 200 K=I,N

"DET=SIGN

-4 3~

 NEXTR=I+1

FOR EACH OF THE ROWS AFTER THE I-TH

D0 200 J=NEXTR4N

CONST=AlJ,I)/PIVOT
NOW REDUCE EACH TERM OF THE J-TH ROW

-

[

AlI4K)I=ALI,KI=CONSTOALL,K).

END DF'PIVOTALVREQUCTION———NG& CdHPUTE.DETEPHINANT

00 30C IT1,N

DET= DET'A1I,I|’1°. '

GO TO 61 . ‘ : . ' v
DET=0. - ' ’
RETURN

END A ' .
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PROGRAM 14 - .

C

C
' C
’ THIS IS A SYMMETRIC MDDE SHAPE PROGRAM FOR THE REC- =
" TANGULAR CANTILEVER PLATE FREE VIBRATION PROBLEM. WITH POINT C
- SUPPORTYS SYMMETRICALLY DISTRIBUTED ON THE LATERAL SURFACE OF c
THE PLATE.(ONE POINT SUPPORT ON EACH SIDE DF THE CENTRAL AX1S) c
. . . c
c

nnnnnnnﬁnnén
i .
I

CCCCCCCCCCCCCCCCCCCCCCCCCCCCCC?CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCC

.

CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCdC‘
. : ' ' <
Cc

[t R N Ko Ny

USAGE : THE FOLLOWING VARIABLES MUST BE PROVIDED;

" le=.K = AS DEFINED IN PROGRAM 13. |

2.~ VU . .= AS DEFINED IN PROGRAM™ 13.

T 3.='V. . = .AS DEFINED IN PROGRAM 13.

.. 4.~ PHIR = 2B/A FULL Pﬁhfe ASPECT RATIO.
'5.;'A;Mos = EIGENVALUVUE.

}-; R ;-,ﬁ.é KS ié:uunuza‘or POINTS AT WHICH THE DISPLACE-—
- C S : MENT W IS REQUIRED. , ‘ : ‘

C
c
C
c
C
c
C
C
c
c
c
c
C
o o c
] . " Te=-POI . = POISSON®S RATIO.. - *. c

L : . ) . . ‘ : c
CCQCCCCCCCCCCCFCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCQCCCCtCCCCCCCCCCCCCCC

T

‘Amanonnnnnnonananan

~.  IMPLICIT REAL®S8{A=H,C-2} _ : |
- COMMON Z2,PHI,PI,PHIS,POI,POIS,PHINGPHINSUFS,UFIS,ALMDS UsVyKoK1,
. 1KS . _ r
" DIMENSIO

“e -
-t P
" wd

L ™
) gy
L N
- -
e
- - D
L -]
LR N
L

o e

~

PRINTSO,PHI 1 . _ o . '
10, HIR ='.Fn.5.1ox,'n-;'.ra,;ox.'csxd=!,ra.ﬁ,111/l

50 FORMAT(
. Kli=2eox=]
c=1.,
PI=4.*DATANIC) . :
PHISZPWI®PHI ‘
C POISTYRTIITRRIRYRIEERYITIQIIDY oo
St °0IS=2-POX _ { - .
Coy . -PHIN=1./PHI v oo
' . PHINSZPHINSPHIN o
UFS=POISPHIS , S A : : S
UFIS=POISPHINS CoL . L ),



c
. €

JIN

I=3eK .
ITIALIZE THE MATRIX .A

=TI+l
DO 2 M=
DO 2 N=
AlM,N)=
CONTINUY : . L i, : . .
DO 3 N=1,.K ) - : - . S - _ .
TAIN+2%K N+2*K)=~1. ‘ ) o . . . .
DO 10 M=1,K1,2 : 7 ' '
‘DO 10 N=1,K. : .. ' L -
JN=N=1 ' : : s R
EMP2=M*PI /2. ' - S . SR
EMP2S=EMP2%EMP2 . ‘ ) ,

ENP=JN*PI ' : S o
ENPS=ENPSENP . .

BNS= l1-IPHISI‘(ENPOENP*ALPDSOPHISI

EN=0SQRTLIBNS)

X1=ALMDS®*PHIS—-ENnPe® ENP : ‘ .
GNS=1l1./PHIS}*Xx1 . ’ .
GN=DSQRTI{GNS)

X=PDIS®PHINSS®ENPS

TD1= lBh-lBN5~x)'DCOSHIBNIlllGN'lGNSfKI'DCOSIGN)I

TDIP=DCOSH{BN) /DCOSIGN)

1.0 . - _
1,'- . . t .
0.0 ’ " -

E

‘pLz=1.0 : S | .
JIF (NeEQe1.0) DL=2,0 ‘

"ADCOSHIBNYT)

A1N=Dcos(ENP-vlODCGSH(BN'll—UllIIDL'PHIS‘PHIS'lB?S*GNSl'BNO

BIN==DCOS{ENPeV)¢DCOSI{GN® {1~ U!II(DL‘PHIS‘PHIS‘GBQSOGNSI'GN‘

1DCASIGNI )
ClN-DCDSIENP‘VI‘DSINFIBN'U!I(DL‘PHIS'PHIS'IBNS+GNSI‘BN'DCDSHIBNI)

DIN‘-DCOSIENPOVIOD$INIGN‘U)IIDL.PHIS‘PHIS‘IBNS+GN53‘GN'DCOSIGN!I

X=UFIS¢ENPS . ®
TO11N=BN*DCOSHIBN) +TD1eGNSDCOSIGN]) . , :
TO11P=8N*DSINH(ENI+GNSTDLPODSINIGNY)

IF iMaGT.1.0) GO TO &
AILgN#K)‘IDSINH(BN‘U)*TDI'DSINIGN'U!)'DCDSlENP‘VIITDilh :
ACLyN*28K)L=(DCOSHIBN®{1-U})~-TDL1P*DCOS{GN® (1=U)})*DCOSIENP*V)/TD11P
A(~+K,~¢Ka t{UFIS*sENPS~ BNSI-DSINHIBN)+ TDl'lUFIS'ENPS#GNSl'
1DSINIGN]} ) Z7TDLIAN

AfN+2SK N+ )= (BN+TD1*GN)/TD1IN

AIN+K, hoz-x)-lx-|1arozpi—sus GNS®¢TD1P)/YD11P :
Aluox,Ll-tx-ansrnc1N+|x+ch:tD1N , N
A(N®29K JLITALNSEN+BLIN*GN ' : ’
X1={lENPS—UFS®BNS) /(BNS+EMP25S) } #BNODCOSH(BNI .

X2=(TD1* (ENPSHUFS®*GNSI/ (GNS—EMP25) ) *GNeDCOSIGN} . 3
xx-tncostzupnoosxutenpzi11011&:=cx1-x2l o

ACEMEL) 2 NeK)=XX*2.C
11-1tENPS-UFStBNSlItsnsoenpzslloucosnlsul

- X2=(TD1PS [ENPS+UFSeGAS) Z7{GNS=EMP25)) *DCD
KXS2ODCOSIENP)SEMP2o{X1+X2)/TD11P
ALTM+L) 72 4N+20K) =N K ' , e
GD TO 10 . C o - - ST S S e
LKL==X1 o e - ' , S
GNS={1./PHIS)ex1 o . : o oo . e T
GN=DSORTI(GNS) : - oD _ IR )
"X=POIS®PHINS*ENPS , : . i L .




‘ - _1;116_ . “ . ’ ‘ e
S - / .

T

- . ' ‘.

" -IF (BNS.LT. z;T*bo;xo 6 -
. TD2=BN®[BNS=X) /7 IGN* [ X~GNS) } _— K '
‘TD2P=1.0 : '
"XSUFIS*ENPS _ :
TO22P=BN-GN . L !
TD22N=BN+TD2*GN . . . B
DL=1.0" _ . .
IF "IN-EQ.1.0) DL=2.0 N
A2N= DCOSIENP®V) /(DL*PHIS*PHIS® [BNS—GNS) *BN) : :

" B2N==DCOS(ENP*V)} /(DLOPHIS*PHIS* (BNS~— GNS)*GNI,

. 'C2N=DCOS{ENP*Y] /IDL*PHIS*PHIS® {BNS=GNS) *aN)

D2N=—DCOS{ENP®*V) /(DL*PHIS*PHIS*{BNS~GNS])*GN] . .

IF (M.GT.1.0) GD TO 7 : T
8=1.0 S S
TEST=BN=BNs U

IF (TEST.GT.60.0) B=0.0

AlL, N¢u3-B-(DExP(BNtu-sN1+rnz-nExPIGN-U GNII'DCOSlENP'VlI

1IBN+T02°GNI o ) .

. B= 1.0 . ' .

TEST=8NeU
IF (TEST.GT. so.o: B=0.0
AIL,N+2'KI“B°IDEXPI—B&*UI-DEXP(-GN'U!I'DCOS!ENPOVIIGBN-GNI
Al{Ne+20K, Ll-a-(Azuoanabexp|—annU)+azv-GNODExPl— GN*U} )

B=1.0 ‘ -
TEST=BN-BNSU
IF (TEST.GT.60.0) B=04,0
AIN®K,L)=Bo L EX—BNS)SC2N*DEXP(BNOSU~ BN) ¢+{x— GNS1‘DZN‘DEXPIGN'U-GNDI

‘A(NQK.N+Kl-lx-BNS*7020IX—GNSIlITDzaN :

AIN®2OK ,N¢K})=0,0

- AIN®Kyh+2°K)1=0,0 . : :

- GO TO 7 . : ’ ‘

TO2= lBN‘IBNS—XI'DCUSH(aNIIIIGN'IX—GNSI'DCOSHIGNII
TD2P=DCOSHIBN)/DCOSHIGN]

X=ZUFIS®ENPS.

TD22P=BN®DSINHIBN}=GN®*TD2P*DSINM I iN)
‘TD22N=BN®DCOSHIBN)+TD2#GN*DCOSHIGN)

PL=1.0 ]

IF INLEQ.1.0) DL=2,0 . '

A2N= ocas:enpovnuocosﬂlau0|1 Ulll(DLOPHISOPHIS‘IBNS-GNSDOBN'

1020SHIBND B
azu--ocusIENP-V)-Dcosulsutl: U)lI(DL‘PHIS'PHIS'IBNS-GNSI‘GN!

1DCOSHIGN) ) |
C2N= DCUSIENP'VD'DSINH(BN-UIllDL‘PHISOPHIS‘CBNS—GNSiUBU‘DCDSHIB
D2N==DCOSIENPeY)I®DSINKIGNOU) Z/IDLOPHIS*PHISS {BNS— GNSI‘#N-DCDSFC

"IF {M.,GT.1.0) GO TD &
A(L,N*K)-IDSINHIBNOUl0T02.DSINH(GN‘UII'DCOS(ENP‘VIITDEZN
ATLyN#28K)={DCOSHI{BNS(1=~U))}=TD2P*DCOSHIGN® {1=U)))eDCOSI{ENPOV)/ .

‘-ITDZZP :

AINEK G A4K)IS(IX~BNS)ISDSINH(BN) +TD2® (X~ GNS)tDSINHlGN!)ITDZZN
Alu+ztn,n+nl-leuoroz-GNllrozzn
AINSK N+ 2K I (UFIS*ENPSe (1~ Tszi—ans+st-rozPl110229

CAINSK LIS [X=BNS)P*C2N+{X=GNS)I®D2N
AINS®2OK LITAZNSEN+B2N*GN - : ' B
50 YO & _ - R
RLSHIENPS=UFS*aNS) /{BNS+EMP2S) ) *BN o ) :
X2=(LENPS=UFS*GNS) /UGNS*EMP2S) ) *GN " eTD2
x=lDCDSlENPI‘DS!NIEHPZ)VTDZZNIOlxlOXZL :
ALIMSLIZ2 4 N*K)=XXO2,0

‘XK1=LENPS=UFS*BNS)/IBNS+ENMP2S)

,xz;tgaps-UFS-GNSl/(GNSoErpzs)‘

pE3

L]

4



S

IX-ZCDCOSlENP}‘EMPZ'IXl—leITDZZP
ALIMET) /2, Ne20K) =XX
. GO F¥O 10
8. X1=((ENPS=UFS®BNSL/IBNS+EMP25})%BN*DCOSHIBN) )
S X2=UIENPS~UFSOGNS) /{GNS+EMP2S} ) *GNSDCOSHIGN)*TD2 °
XX=(DCOS(ENP) *DSIN(EMP2) /TD22N)® {X1+X2)
ALIM+3)72,N+K)=XX®2,0
X1=((ENPS=-UFS®BNS) /IBNS+EMP2S) ) *DCOSH(BN) :
X2=({TD2P* (ENPS-UFS&GNS) / {GNS+EMP25)) sDCOSH(GN)
XX=2%DCOSIENP)*EMP2¢ [ X1=X2) /TD22P ) .
C AL(MeII /72 ,N+20K)=XX :
10 CONTINUE-
: 00 20 N=1,K
‘DO 20 M=1,K1,2 , '
JN=N=1 .
ENP=JUN®PI o
ENPS=ENPSENP . .
EMP2=MsPI/2. . ‘ e
EMP2SSEMP2%EMP2 . :
BMS=PHIS® (ALMDS+EMP2S) _
- BMZDSQRTIBMS) : R
"X1=ALMDS=EMP2S
1IF(X1.LT.0.0}) GO TO 13
GUS=PHISe®x1
GM=DSQRT [GMS)
ALM=DSINIEMP2¢U)*DCOSH(BMS (1=
_BAM=DSIN(EMP2%U}*DCOSIGMe (1-

v (IBMS+GMS) "EM*DSINHIEM) )}
: v}
a CIM=DSINIEMP2*U)*DCOSHIBMaY) s {
. e

1.

r
((BMS+GMS)SGM*DSINIGM) )
MS+GMS)*BMeDSINH(EBM) )
D1IM=DSINI{EMP2¢U}*DCOSIGM*Y) / S*+GMS)SGMeDSINIGM]))
"TO1L=({B8re (BMS~=POIS*PHIS®EMP2S
1 eDSIN (GM]))

TD1=TD1e -1}

TD11= BP‘DSINH(BH)-TDI'GR.DSIN( l

I}
| 4
(¥:3
BM
bs

XX . S{(BMeDSINHIBM] IBHSOENPSIOTDl'GH'DSINIGHIIIGMS-

1. ENPS))I®2sEMP2*DCOSIENP) /TD11 .
‘IF (JN.GT0.0) GO.TO 11
XX=xxF2
‘11 AlN’Z‘K'(HOIIIZI-IK
KI‘IIEHPZS-HEIS‘BMSII(B“S#ENPS)I‘BH'DCDSIENPI'DSINH(BMI

s X2=U(EMP2SH+UFIS*GMS) /7 (GYS— ENPSIl‘GH‘DCOSIENPI‘DSIN(GHI!YDI

XX=(X2¢X1)®20¢DSINIEVMP2)/TDL1Y W
KKA=IDCOSHlHH'V'+TD1'DCOSIGM‘Vll‘DSINIEPPZ‘Uilfoll
IF tINGY,0.,0) GC TO 12

XX=XXf2 '

A(lﬂ#lllang-lUFS‘EFPZS BMS)OCIMe (UFSCEMP25+GMSI*D1M

A XKZ-IAlM.DCOSHlBM'V]+81H‘DCOSlGH'VII'DSINIEHPZ‘UI T T

s Lol )=ATLy LD ¢XX2 .
ltn01)I2.1N+1llzl= IUFStanpzs-an5|tocosulan|+701-¢
UFSeEMP254GMS)*DCOS I GM1) /7011
ALI®1, UML) 720 XXKé
12 AlNOK,lH*lllzl“xl .
. 60 YO 20 ° . ' '
13 xXi==xi. o o
© GMS=PHIS® X1
GM=DSORTIGHFS)
"' JIF "iBMS«GT«22) GD TO 15

<

.\‘n‘ 702=IBH‘(BFS-PUIS'PHIS'EHPZS).DSINHlBHIl‘l-llllGﬂ'lG“S-PDIS‘

1PHISCEMP2S) *DSINHIGM))
TO22=BM*DSINHIBM) +TD2¢GMOeDSINHIGM) ‘
AZH DSIN!EHFZ'UIODCOSHlBM.(1-VllllIBHS-GM !'BH.DSINHIEMl!

:NH(enllJlsnc|GM5+P01§0PH:s-evas:

M e w a— =

- mrm oarh msm Ter



4y 8-

e

”BZM‘-DSINIEMPz'UI'DCDSHIGM‘(I-VIllllBHS GMS)I®GM*DSINHIGM))

:“{CZH DSINIEHPZ‘U!.DCOSH(BH‘VIIIIBHS-GHSI'BHCDSINHIBHI)
©.. D2M==DSINIEMP28U) sDCOSHIGM*VF/((BMS-GMS) *GM*DSINHIGM) )

14

[Ty

1

5

LYK

" X1=BM®DSINH{BM) Z(BMS+ENPS])

X2=GM®TD2*0SINHIGM} /IGMS+ENPS)

XX=29DCOSIENP)ICEMP2s {X1+X2)/TD22
X1=(EMP2S5~-UFIS®*BMS)*BM*DSINH(BMI/(BMS+ENPS]
X2=({EMP25-UFIS*GMS)I*TD2%GMeDSINHIGM)} ZIGMS+ENPS) .
"XX1S2*DSINUIEMP2)eDCOSIENP) s {X1+X2)/7TD22

IF (JN.GT.0.0) GO TO 14
xxs-lDCOSH(BH‘VI*TDZ’DCDSHIGM‘V]l'DSINIEMPZ‘UiIT022 : .
A(I+1,{M+1)72)=XX56 '
XX=XXZ2 )

XX1=XX172

AlIM+1)72,L)=(UFS*EMP2S—BMS)*C2M+{UFS*EMP25~GMS] D2 M
" XX2=(AZM*DCOSHIBMEV)I+B2MYDCOSHIGM* Y} ) *DSINIEMP2eU}
AlLyLI=AlLyLY)*XX2 ‘ . -
A((HfllIZ,(H+1lIZI»IIUFS'EFPZS avs:-ocosncaw)+702-(urctsupzs- .
1GMS)*DCOSHIGM)IY»ZTD22 \

AIN+2oK, (M41)/72)=XX : i
AIN+K,IM+1)/72)= XX1 ) ! :

GO TO 20 i -
TOo2=tBMe {BMS— PDIS‘PHIS'EFPZSllOl-llIIGH‘IGMS PDIS'PHI“EMPZSI)
TD22=8M+TD2*GM

X1=BM/IBMS+ENPS])

‘XK2=GM®TD2/{GMS+ENPS)

XX=2*DCOSLENP)SEMP2e{X1+X2)7TD22
X1=IEMP2S-UFI1IS*EMS)sBM/(BNFS+ENPS)

XZ=(EMP25=UFIS*GMS) ¢TD2*GM/ IGMS+ENPS) )
XX1=2%DSINIEMP2) *DCDSIENP)I®* {X1+X2)/7TD22 . T . &
IF {JN.GT.0.0) GO TO 1a . . . oL
XX=xXX72 ‘ ‘ ] =;¢3v

L XX1=xX17/2

o= BH‘(PDIS'PHIS‘EHPZS BHSIIIGP*IGHS POIS‘PHIS'ENPZ%II'-

82140 . _  y

"TEST=8M—-BMe vy

"IF (TES5T.GT.60.0) B:= 0-0

XX6=B* {DEXP{BMeY= BM'QD.DEKPtGH.V-GMl,‘DSIN'EMPZ‘U"‘BF’D‘GH'
AlI*1lyIM+1) 272)=2XX6E

-

.AIINQI)IZ,IH01i12l=lIUFS'EHPES BMS]OTDzﬁlUFSOEMPZS-GMSIlITDZZ
AZM=DSINIEMP2I*U)}/IBM BMS=GMS))
BIZM==DSINIEMP2sU) 7/ IGM* {BEMS=GMS) )
- CZM=DSINIEMP2*U) /7 (BMe[BMS=GMS))
D2M==DSINIEMP2eU) /7 IGVMs {BHMS=GMS5]))
8=1.0
TEST=BM=BMeV .

IF (TESTeGTa60.0) B=C,.0

ALIM*1)/72,L)=2B* {IUFSYEMP25~BMS) *C2MVDEXP (BMOV~ ~BM)»
1turs-£npzs-sn5|-ozn-nsxptcntv =GM) )

TESTSBM=BMOV - ’ .

IF (TEST.LT.60.0) GO TO 16 ) : b
xx= lnznlz|-l1+o£xpl—2-an-val+|azn12|-|1+o£th-zoGM-VIl j . .
GO TO 17 '
AXSlA2M72)» l1+DEXP(2'laM‘V-EHl)I+IBZMIZI'll#DERPIZ'IGPOV GMlll

AlLyLIZAfL LY +XX .. .. R

GO 10 14 — ——— : , - .
CONTINUE .. o . S

DO 30 M=1,L . : : , L
TEMP=A{M,I) _ - -

A{M,I)I=A{M,T+1) . . o



ann

‘ann 0nn _ona

a0

NOO non

‘006 nan oo

v

PPE

o

i
-/“

30
50

100

120

- A{MyI+1)=TEMP T

T 1 S

':;Q“‘-,l . .

P

*

CONTINUE

CALL DETERP TAyL,0ET)

STOP S ' ' &£
END - . T

SUBRQUTINE DETERM {A,N,DET)

IMPLICIY REAL®S(A-H,0-2)

DIMENSION A(SS9, ssn,xtsss,entvsl,eu 7514 EP(75)
SIGN=1.

M=N=-1 _ . .
LAST=M=1 , o : J

/

"START OVERALL LQOP FOR{(N~1) PIVOTS

DO 200 I=1,LASY

~

FIND THE LARGEST REMAINING TERM IN I-TH COLUMN FOR

- BIG=04.

TERM= DABSIAIK 1) . ' .

"IF ITERM=BIG)5C,50,30

BIG=TERM ' : *

k=K

CONTINUE
CHECK WHETHER A NON-ZEROD TERM HMAS BEEN FOUND

"IF (BIGIBO,60,80 _ _
'L=TH ROV HAS THt BIGGEST TERM=-——IS I=L

IF {I-1}90,120,90
1 1Is NOT ECUAL TO LySYITCH ROWS I AND L
DO 100 J=1,N '

TEMP=A(I,J) '
AlTgJi=AlLJ)

‘AlLy JIZTEMP

NDW START PIVOTAL REDUCTION
PIVOT=AlX,1)

VEXTR=I¢1 .. . ' L .

FOP EACH OF THE ROiS AFTER THE I—TH - "
Do 200 J= NE!TR,P

nugrxpgrznc CONSTANT FOR THE J-TH Row xs e e

'coust-ala xerxvot . . .

"NOw REDUCE EACH TERM OF THE J-TH ROW
- -DO 200 K IQN

AIJ,K’-A]J.KI—tONSt‘AII,K)' . .o

" END OF PIVOTAL REDUCTION== PZRFORM BACK SUberTbgjou

L

ekt

&



LV

no0 o600

3 0

ann o0on

i

nonn eaon

400

450

500

$40
550
600

601
$§50
%0

M=N=-1
DO 500 I=1,M

—yso- . TR

IREV 1S THE BACKHARD INDEX,GDING FROH ™ BACK TO 1 -

"IREV=M+1- I - .

GET Y(IREV) TN PREPARATION

Y=A(IREY4N)

IF (IREV-M) 400,500,400 T
_NOT “ORKING ON LAST ROW,I IS 2 OR GREATER

DO 450 J=2,1I.

wORK BACKhARD FOR th),ltN-ll—e—-—-SUBSTITUTING PREVIOUSLY

FOUND VALUES

K=N+1=J
Y=Y=A{IREV,K)®X (K

FINALLY,COMPUTE XtIREV) . ' .

o - A '

X{IREVI=Y/AILIREV,IREV]

FIND AND PRINT EM,EN,EP,AND Ps :

L=IN=1172
DO 550 Ic< 1,L
J=2e1l-=1
K=1I=1
EMlJY= XlIl
ENGJI=XMI+L)

IF(I.EQ.L) GO TO 540

EPLJI=Xile+20L)

rRlNTiOO.J.K,K.J.EH(JI,K,ENIJI.K.EPIJ),P

Pz=xi3+L) .
GO TJ 550
EPiJi==1,
FORMAT(['=",'M=? _T2
1913.5:5!.'ENI',12
1%pPe = +D13.5)

DO 601 I=1,L
J=2e1=3

EN{IVY=EN{J)
EPL{I)TEPLJ])
‘CANTINVE
PRINTY €50

FORMAT (1%, *THE SYMMETRIC MODE SHAPE DATA ARE"fflvl
CALL SHAPE lEH.EN.EP,PI \

RETURN
END

SUBROUTINE SHAPE lEH,EN.EP Pi 3
IMPLICIY HEAL.l(A-H.O—ZI )

1KS

DIMENSION -1121,2

1,EHI75!.EHI7SI.EP

1
C

g3XsIN=t,12,3x,p=

|
15

g1295% ‘eﬁl',xz,il =t
’12’ =f..°13.5|5I’
. =}

=f,613.5,5x,‘EP(

f
\2‘21,21','3'21.21'.“‘2 ,2}',"21’21'
| . )

e A st iy Ny ek s o e § = e

t



KS1=KS+1 _ .
ETA=0.0 N
DO €50 I=1,KS51 ) .
: PSI=0.0 _ '
. DO 640 J=1,KS1 .
o ¥11=0.0 ‘ a .
¥22=0.0 ' . : Cor o _
W33=0.0" ’ . ' ‘ : o
Wabh=0,0 S : o
PR DO 620 N=1,K - . ' - : . e
JN=N=2 . , .
. ENP=JN®pI ' ' . _ .
-~ ENPS=ENP®ENP . i L . S o —
sus-t1./PH151-tENP'enp+ALnos-{HISl oL . T
. . BN=DSQRT{BNS) . - ' C
S X1=ALMDS*PHIS—ENPSENP : XQ‘ -
“v . .+ IF IX1,LT.0.0) GO TOD 60E
©rr L. GNS=(1./PHIS) sXx21 : . .
‘GN=DSQRT(GNS) . -

g X=POIS*PHINSYENPS : )
rox-lshtlsns—x)-ocosalaﬂl:f(snclcns+x)-0costsﬂ)l : -
~TD1P=DCOSHIBNI/DCOSIGN} - - .
DL=1.0 Lo ' , .

. IF ‘..N,.Ea.l' DL=2.° < - ‘.J ) L ) ‘e ' b

= . - ALN= P'BCOSIENP-VIODCDSH!BN'li-ull?lDL'&yIstPHIS'lBNS+GNSI‘-

© .+ " 1BNSDCOSHIBNI))

BLN=~PeDCOS(ENP®V)*0COSIGN® (1- —UI) /(DL SPHISSPHIS® (BNS+GNS) *GNe
.1DCOSIGN) )
" ~C1N= PuocostENp-va-DSINHtausUlllDL-PHIS-PHISO(aNs+GNs)-ana
L1DCOSHIBN})
DiN'-PODCOSlENP.vl‘DSINlGN.UII!DL‘PHLS'PHIS'lBNS+GNSl!GN‘DCOS(GNlI

¥  XSUFISeENPS . , . .
R TD11N=BNSDCOSHI{BN}+TD1¢GNSDCOS(GN) C : ' SR PR
TD11P=BNSOSINHIBN} +GN®TD1PSDSINIGN) . - S -
IF (ETA.EQ.0.0) GU..TO 601 : * ‘ S S el
EF LENP.EQ.0.0) GO- Y0601 . - . T : : L.
'xx-ocostENP-ETAl L ' , e : . T
. " - GO TO 602 - ~ e T : . ' & ' S
_ 6§01 'XX=1.0 - S . L . o
"+ 802 IF {PSI.EQe0C. on GO -TO 604 - e : - e
, X82=ENI{N}®(DSINHJBNOPST 0701'DSINIGN'PSI)BOXXITDIIN ' . T
: IF (PS1.LT.U) SO°TO 60 3 .
Xwaz :c:uoocosnceuncz-PSIlloornoocostcﬂtl1-951)|:-xx
: IF {PSI.EQale0) GO TP 603
v §0 Xxu3= EPlNlatqusnlautlz Psx:l-rb:pnncdﬁtsn-lz PSILI)'X!IIDllP . \
: ° IF (PS].GE.U} GO TO €17 . . ,
Xo 4= |Ai~qp51nn|nnops:loa:u-DSINtan-Pszlioxx S T
: "60'.T0 617 - ; X 3 - .
603, xuq-eptui-lx-Toxpltxuttn::v o . , o S : .
GO TO 617 P e R S .
: o 608 xw2's0.0 e o o : B
- Ye XW3Z040° B T T C V.
: Xd4£0.0 1+ . . LT ! R :
‘G0 .TO; 517 T R : o N
.. %06 x1exy oo Lo ST e ‘ R S L T
PR - GNS=11 .78 uzsn-x: T ,* . T e - T
.+ GNSCSQRPIGNS)" S e o o
L A=POISSPHIMSOERPS " : LI . ot e A
.. IF (BNS,6T+22) GO TO Ba2 - - ‘ L o A
L bTna:lamlaus-v-ocosulamulcmu-cusa-ocusulcuu- YT - ‘
Tty L bt . . .H_ . . . f
. g . oY . o L . : e s .
. ] . \" i . . - ] 4
> o -~ } . ‘.rlA @ . t , ) . - , ' s



N 452,

. - .
v.o o . TD2P=DCOSHIEN)} /DCOSHIGN)
o TD22N=BN*DCOSH(BN)+TD2¢GN*DCOSHIGN)
IS T TD22P=BN*DSINHIBNI=-GN*TD2P*DSINHMIGN]
L 2 DL=1.0
L \- IF (N.EQ.1) DL=2.0 -
. A2N= P.DCDS[ENPOVl'DCOSHIBNOll —U)}/{OL*PHISSPHIS® {BNS=GNS]s3Ne’
: JvlucosutaNll
¢ .. .7 BIN==P®DCOSIENP®V)*DCOSHI(GN®{1=U)) /{DLOPHISOPHIS*({BNS~ ~GNS) *GNe.
1DCOSHIGN] )
C2N= P‘DCDS(ENP'VI‘DSINH(BN‘U)I(DL‘PHIS'PHIS‘(BNS —GANS)I*BN#*
. 1DCOSHIBNI)) o
: 3DZN--P‘DCOS(ENPOV)*DSINHIGN.UIIIDL‘PHIS‘PHISOIBNS —GNS)sGNe
1DCOSHIGN}) P
IF (ETA.EQ.0.0) GO TOD 607
IF (ENP.EQ.0.0} GO TD 607

XX=DCOS{ENP*ETA) ,
‘GO TO 608 s
607 xx=1.0 .
& 608 IF (PSI.EQ.030) GO TO 610 o

. Xd2= EN(NI“DSINH(BN'PSIlfTD2‘DSINH|GN‘PSI|"XX/TDZZN
. - foIF APSILLTLU) GG TO &1 .
XW4e=tLC2N*DCOSHIBN®* (1-PSI))+D2N*DCOSHIGN® (1~ PSI'))‘XX
IF (P51.EQ.1.0) GO TO 509 ‘ : -
61 XW3ZEPIN)®*IDCOSHIBNs ({1~ PSI)’-TDZP'DCDSH[GN‘II—PSI’,I‘JKITD?ZP
IF (PSIJGE.U) GO TO 6§17 . ’ ’
Xwb= (AZN‘DSINH(BN.PSIlfﬁzN‘DSINHIGN.PSI,l.XX
GO0 TO 617 . -
609 XWASEPINI=|1- TDZPI‘KK/?DZZP ‘ . . -
GO TO 617 . ' :
610 X¥2=0.0 C : L
XW3Z0,.0 o , g T :
XWa=0.0 . . .- e A
: GO T0 &17 Coeh .
§12 A=BNe®{BNS- PUIS‘PHINS.ENPS'I(GN’IPOIS'PHJNS‘ENPS GNS]' LT
IFLIETALEQ.0..0F GO TO 513‘“. L

IF (ENP.EQ.0.0) GO TO 613 _ e
X=DCOSIENP®ETA) . , - . '
GD'TO G614 . N s - .

. 613 XX=1.0
614 IF IPSI EQ.0.0) GO TOD 616

B=1.0. . . . o . oy
TEST=BN~-3N®PST : < : -
IF 1TEST.GYe$50,0) B=040 ' | : ‘
T XW2=Be(DEXPIANSPSTI~ aaavaonsxplcuopsx GNII'ENINI‘XKI!BN*A‘GN]
DL=1.0 ‘ . )
IF (N<EQ.1) DL=2.0 ' ' . T .

: {2N-P'DCOSIENP‘VJIlDL'PHIS‘PHIS'IBNS-GNS!'BH! P o .
S B2N==PIDCOSCENPOV) /(DLO*PHISOPHIS® IBNS+GNS)*GN) . .. - ‘_~};fff*~
; C2N=PS®DCOSIENPOV)/ (DLIPHISOPHISSIBNS=GNS)*BNI R

D2N==P®DCOS{ENPOV) FIDL*PHISSPHIS®*{BNS—GNS) *GNI] R T
Al1=0.,0 . . ] ’ . ) . ; - . s .
: "A2T00 - . A N
S - A3=0.0 ' Coe - . S . L
o B1=0,.0. : - C
\ B82s0.0. o , SRR
S B83=040 . S N N
TEST=U+.000001 : ! o a » LT LT
IF (PSI.GT.TEST) GO TO 74 ‘ E LA T . ‘
: IF (BNOU=BNOPSI . GT.60.0) GO TO ‘71 S e e el
S A1=DEXPI~BNOUSBNOPST) , _'\- PR . LT
--l. -' . ‘ . _ .' . “ \ . ) ‘. \\_ ;\."' . 1. . :_‘-‘ \ .



B " St

. T
B1=DEXPL{-~GNP®U4GN*PSI) .
71 IF (2¢BN-BN*U-BN*PSI.GT.E0.0) GD TO '72
. A2=DEXP(~- 2'BN*BN‘U+BN'PSI)
R " BRSDEXPI—23GN+GNOU+GNSPS]I) .
T2 IF (BNOU+BN*PSI.6T.60.0) GO TO 72 s
AS=DEXP{—8NeU~B3N®*PST} :
BI=DEXP{~GN®U—-GN*PSI)
73 XWA={A2N®[AL+A2-A3}+B2N*(B14+482-B3))sXX/2. o
GO TO 65 - .
74 IF [(BN®PSI~-BN®*U.GT.E0.0) GO TO 75 .
AL=QEXP{BN®U—-BEN®*PSTI) ‘ . : . -
. B1=DEXPI(GN*U-GN*PSTI) - e . .
75 IF (BNPU+BN*PSI.GT.6C.0) GO 10 76 . . : \
. A2=DEXP{—BN®*U~BN*PS]I) ’
" B2=DEXP{—GN®*U-GN*PS]I) ' ' . . .
76 IF [2%BN—~-BN*U—-BN*PSI.GT.60.0) GO TO 77 : “ o
AB=DEXP{—29BN+BNPU+BN=®PST] ) ' . ) o

BI3-DEXPI[—-28GN+GN®*U+GN2PS]I) .

T7 XW&4={C2NO®(AL1=A2+A3)+C2N*(B1~ —B2+B3))*XX/2., : B 4

65 IF IPSI.EQ.1.0) GO TO §15%
66 TEST=BAN®*(1-PSI)
IF (TEST.LT.40.) GO TO 615
Xwa=z EP(NIOlDEXPI—BN'PSII—DEXPI-GN'PSIII‘XXI(BN-GN) o :
) © GO 'TO E17 . : : e
§15 xw3= 0.0 . R
K GO TO B17 : - B ) -
l ‘616 XW2=0,0. . . . . Lot
. . Xd3= °.° :
‘Xd&4=0a.0 . )
617 w211, Jl-wzz+xwz - ) : o .
. H3(I.Jl“i330!l3 . . ) _—
4 WAallgJ)i=whatXua - _ . o : . ~ .
v  W22=W2(I,J) , . ‘ . . - .
" ¥33=d3(I,J) , C . : L o
wes-wall, ) N . . - t
. 620 CONTINUE ' o . ' - B

> DD 630 M=1,K1,2 . o " o - ¥ e :
"EMP2=MePI/2, - . : . T .o .
EMP2S=EMPZOEMP . . - - \ T
L BMS=PHIS® {ALMDS+EMP2S) - = - o . : NI T
BM=DSQRTIBMS) Lo : L . o, Ce s

. X1=ALMDS=-EMP2S N . e ' i " v .

’\3 IF I{X1.LT«0.0) GO TO 623 . o o B -
GMS=PHIS®X1 . . A _ o
GM=DS5QRT{IGMS) . st T ) - .

. TO1=(8Me {BMS— PoxsnPHxs-EMst)-osxuhlan)lllqnmlhﬁs+P9150PHISo£MPZSJ.
1 _*DSIN (6¥)) _ s LA
TDl=TD1el=21) :
., TDiis=s BP'DSINH(SMI—YDI'GHOOSINIGHI
’ IF (PSI.EL.0.0) GO TO 622, .
IFIETALEQ.D.0) GO TO §2% : '
Xd1= Entnl-(DCOSH(aMtETA)010100c05ldnoETAJl-DSIN(E~P2-PSII17011

-

GO TO 629 - . _ ; e

§21 x-x:sntnl-11+To1l0051NlEMP2-Psxllroz1 ) )
. G0 TO s29%" _ . . o ‘ L
§22 X9¥1=0.0 . oL : o ' : n
GD TO 629 . v - : ’
. 823 R1==x1 ¢ : \ g o . : . : :
o~ GMS=PHISP X1 o - R . ' ) e “ NP
GU=DSQRTIGMS) : - A o L o

P

.

*

.

£



535 FORMAT ("t ,%'PSI =¢

1
‘ 1
.sas.ronuntl'-',zox.'Ps

et

- 45—

IF (BM5.GT.2Z2) GO TO 625
Toz2=(Bm* [BM5~ POIS‘PHIS‘EHPZS)'DSINH!BM)IIIGH'(GHS —POLS*PHIS*EMP25)
1 *DSINHIGM))
TO2=TD02¢({~-1})
TO22=BM*DSINHIBM)I+TD22%G¥*DSINHIGM}
IF (PSI1.EC.0.0) GO TO 622
IF (ETA.EQ.0.0) GD TO 624
Xwl= EHIHI‘IDCDSHIBH'ETAl*TDZ'DCOgylGH‘ETAII'DSINIEMPZOPSIllszz
GO TD 629

624 XwWi= EMIHI'11+TDZ|'DSIN(EMPZOPSIIITDZZ
GO TO 629

6§25 A=BMS (FOIS*PHISSEMP2S—-BMS) /(GMs (GMS~ PuIS¢PHIs-EHP25lI
IF (PS1.£Q.D0.0) GO TG 627
IF (ETA.ECQ.D.0) 60 TO 627
TEST=BM=BMOETA
IF (TEST.GT.60.) GO TO &27
Xwl= EH(H'O(DEXPIBH‘ETA*BP)*A'DEXP(GM'ETA-GH))‘CSIN(EPPZ'PSI'I

-1(SM+ACGHI

GO0 TO 629

627 Xwl1=0,0 ° . '

6§29 J1lI,J)i=Xwlewld ‘ . - ) . .
Wilc-wl (X, J) . ¢ y

630 CONTINVE
utI,Jl-Uitl.Jloule,
PRINTEA5)PSIZETA,I,J
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F
v

1012.5, ax.'uz('lxz,‘,
1012.5,&!.'5&1',12 ',
PRINTE364,PSI,ETA,

-
»
»x
-
a
»
1
-
"
[t
.
W
-
»
=
L ]
-

-
1¥t?,I2,* ’12' ) '
PSI= PSI’I-OIDFLDAT

§40 CONTINUE

ETAZET A+, OIDFLOATIKSI Lo T

.7 -
v €50 CONTINUE ~ ~ o

RETURN ., . = ' . e A o e .
END Lo : T s L T R

£ ) St v ','-.-. . . . N .
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e PROGRAM 15-

L]

" THIS IS AN ANTISYMMETRIC MODE EIGENVALUE SEARCH

PRDGRAH FOR. THE RECTANGULAR CANTILEVER PLATE FREE VIBRATION
»1TH POINV SUPPORTS SYMMETRICALLY DISTRIBUTED ON
2THE LATERAL SURFACE. OF THE PLATE.(ONE SUPPORY ON EACH SIDFE -
oF THE CENTRAL AXISI .

PROBLEM,

usaqg : THE FOLLOWVING VARIABLES MUST BE PROVIDED;
ABE . S i
S de= K = THE' NUMBER OF TERMS TO BE USED IN THE
N ' SERIES INVOLVED. FOR 5 DIGITS ACCURACY
N , USE x = 230, : :
_ 2¢=-¥ = 0.TO 1, PROVIDING THE DISTANCE BETWEEN
- : VTHE CONCENTRATED FORCE (POINT SUPPORT)-
. ® . 'AND THE PLATE CLAMPED EDGE DIVIDED BY
o - . STIDE LENGTH Ao
3u= v = ozsrAnca BETWEEN THE CONCENTRATED FORCE
. AND THE PLATE CENTRAL AXISDIVIDED 8Y
o /san LENGTH B
' &e= PHIR 7,ZQIA, IS THE FULL PLATE AspecT-narlo,
’ *5e= ALMDS = AN INITIAL STARTING VALUE FOR THE EIGEN~
o, \ . / VALUE SEARCH.
"6e= DLIM f-.A FINISHING OR EIGENVALUE SEARCH ENDING
, LIMIY. IT INSTRUCTS THE COMPUTER YHEN TO'
/ HALT EXECUTION,
+ . S
Te- DEL | = EIGENVALUE INCREMENT.
L 901,/ = POISSONYS RATIO. N

\

2 / . .

IMPLICIT REAL®B(A=H,0~2) \
" DIMENSION A(150,150)

UsTYTTRITIRYYRNYIYRIRYIIYILY .
v=n;:rrrrrrtr¥r:rrr:trrr
CRzTYTTRITRIYRRIRIRIROLIYITITIIOYIN

K2z28K-, ' ' : :

Ki=29K=1 -
2223600

PHIRZTITTLYY. r::r:rrrrrr
"WHIZPHIR/ 2.
anntso,puza,n.u,v .
FORMAT(® 1' PHIR=®,F8, e.xox,

w

K=915,10K, %y

="' F'G. ‘0.10' ;".'V'

Ta
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122231

3

e

AF B8k 7 /77)
c=1.

PI=&4,.,%DATANIC)
PHIS=PHI®*PHI
'PDI—!!rrrrrrrrrtrr!!1:!!

" POIS=2-PO1
PRIN=1./PHI
PHINS=PHIN®PHIN
UFS=PO1ePHIS
UFIS=POI*PHINS
I=3eK s

_CONTINUE
INITIALIZE THE MATRIX TO

DO 2 M=1,I1

DO 2 N=1,11
AtMyNI=0.0

DO 10 M=1,K1,2
DO 10 N=1.K1l,2
EMP2=MepPI/2,
EMP2S=EMP2%EMP2
ENP2=NsPIs2,
ENP2SZENP2%ENP2

~456~

BNS=PHINS®IENP2S+ALMDS*PHLS) ) -

BN=DSQRTIBNS)
X1=ALMDS*PHIS—-ENPZS

IF IX1.LT40.0) GO TO &
GNS=PHINS*X1
GN=DSQRTIGNS)

TDIN= GN'DCDS(GN)'IGNSOENPZS'POIS‘PHTNSlIIBN'DCOSHIBNI'lBNS—ENPZS'

LPOISePHINS))

NTD1IN= BNOTolN‘DCOSHIBNIOGN'DCESlGNI

TO1P=DCOSHIBN)/DCOSIGN)

RN

TOo11pP= BN'DSINH(BNIQGN‘OSIN‘GNI'?DiP '

AlN= DSINlENPZ‘V).DCOSHIBN'II-UIIﬁlléNSfGNSI‘BN‘PHIS‘PHIS.DCOSHIBNI

1)

 BAN==DCOSIGN® {1~ Ull‘DSINlENPZ'VlI(IBNS+GNSI'GN‘PHIS‘PHIS‘DCDSIGNI]
- CINZ DS]NIENPZ'Vl‘OSINHIBN'UlIllBNSOGNSlOBN'PHIS‘PHIS'DCDSH(BN'I
DIN——DSINIGN‘UI.DSINIENP?'VIIlIBNS¢GNSI'GN‘PHIS'PHIS‘?COSIGNIl

IF IM.GT.1.) GO TO 3

O ALIN®LI/24K2, (IN#1)/24K¥SLT

'AI|N¢1DIZ+K ({NtLD/s72¢K) =1 1

TDIN®BNeGN} /TD11N
UFIS*ENP25-6NS)*TDINeDSINHIBN)+[UFIS

‘l‘EHPZSOGNSl‘DSINIGNIIITDJlN

+

CALINSLYIZ 24K INS®L1)/724K2Y=(UFISSENP2S® (1~ TDIPI—BNS-TDIP'GNSl(TDllP

A{I{N®1}/2¢K o3I} =CINOfUFISENP2S— =BNSI+DINC®IUFISeENP2S+GNS)

A
A
A

1).7/TD11P

CIN®1B/724K2 ,TLI=ALN®BNBINSGN
(i1 |IN01312#KlnITDIK'DSINHlBh'Ul+DSINlGh‘Ull'DSIN(ENPZ'VlITDIIN

(I1 .lﬂ'llIZ’KZI—IDCOSHIBNO11 =Ul}=TDL1P*DCOSIGN® (11— UI))'DSINIENPZ'V
4 .

).
X =L{ENP2S~ UFS'BNS]IlBNS#EFPZS)l'TDlN'BN'DCOSHIBNl

x2= CLIENP2S+UFS*GNS )/ IGNS=EMP2S51)*GNSDCOSIGN)
XK= ZCDSINCEHPZl'DSINIEN923‘(XI-IZ'ITDIIN :

AlIMEL1IZ724,IN®L)/2¢R)I=XX

RL=((ENP2S~UFS*BNS) /(BNS+EMP2S)I ) *DCOSHIBNI]

X2={ IENP2S+UFS*GNS) /IGNS=~

EMP25))*TD1P*DCOSIGN)

N

PR S



- . IF(TEST.GT.60.) B
T A(Il,IN*L1)/2¢K2)=
S 1)/ IBN=GN})eB

~457-

)

XX=2®DSINIENP2)*EMP2s {X1+X2)/7TO11P

AlLIM*L) /72 ,IN*L) /2+K2)=xX .

GO0 TO 210 .

X1=-X1

GNS=PHINSsX1

GN=DSQRTIGNS)

IF (BNS.LY.22) GO YO &

TDOZN=GN®*{POISSPHINS*ENP2S— GNSII(BN‘(BNS POIS*PHINS®*ENP2S5]))
TO22N=TD2N*EB8N+GN

TD2P=1.

YTD22P=BN—GN*TD2P . '

IF tM.GT.1) GO TO S .

ALIN+1I/724K2,{N+1) 724K)=0.0 '
"ALIN®L1} /724K IN+11/724K2)=0.0 ' '
AlIN#I)IZ*K,(N*IIIZ'K)‘(lUFIS.ENPZS SNS).TDZNOUFIS‘ENPZS )

i=GNS}/TD22N

TD2N=GK* [POISSPHINS*ENP2S=GNS)7([BN* (8BNS~ FOfS'PHINS‘ENP2SI)
TEST=BN=BNsU

8=1.0 ! -

IF(TEST-GT.SO ) 8=0.0
AlIl,lN+1lIZ*Kl—llTDZN'DExP(IGN'U—BNI'BI*DEXPIIGN'U =Gh)®*B))*
IDSINCENPZOV)IITDzN‘BN*GNll'B

-TEST=BN®*U

8=1.
=03 R
(IDEXPU(=BN=U)*B)=DEXP{{—GNSU)®B) }*DSINIENP2eY
C2N=DSINIENPZ2*V )/ {{BNS=GNS)SBNePHIS*PHIS)

DZN--DSIN(ENPZ'U FU{BNS=GNS)*GNePHIS*PHISI
" TEST=BN-BN®U

‘8=1.0 . .

IFITESTaGTL60.).B8=0:

- ALIN®1I /724K, J2A)=(C2Ne(UFIS*ENP2S~ BhS)'DExPIIBN'U BENISBI+D2N* (UF IS

lENP25=GNS)®*DEXP {IGN*U=~GN)'sB) )ep
A2N=DSINTENP2eV )/ {(BNSE=GNS) *BN*PHISePHIS)
B2ZN==DSIN(ENP2* V) /({IBNS=GNSISGNSPHIS*PHIS)
TEST=BNeU
B=1.
IF(TEST.6GT.60a) B=0.
- AlLIN®L}r29K2, 11|=(A2~oan-osxptl-auoun-51¢32~-GN-o£xP¢( GNoUI-allaa
1-!tEnpzs-urs-BNSItlaus+enpas:hotoznoan T
X2=(IENP2S-UFS®GNS)/IGNS+EMP2S) ) GN
XX=28DSINLEMP2)*DSINIENP2)* [X1¢X2)/TD22N
ALIM+1)#2,IN®1) /2¢K}=RX
' X1={ENP25~=UFS®BNSI /IBNS+ENMP2S} .
X2=(ENP2S=UFS®*GNS) /7 IGNS+EMP2S) '

A= ZCDSINIENPZl‘ENPzﬁill-KEIITDZZP

ALIM®LI) 72 4IN®L) 72¢K2)=XX L . .
GO T0 10 ' -
TD2N= GLOIPOISOPHINSOENPZS GNSI‘DCOSHIGN]IIBNOlaus—PDI"PHINS‘

1ENP2$!‘DCOSH|BN!I

"TO2A2N=TD22N®OENCDCOSHIBN) +GN*DCDSHIGN] .
TO2P=DCOSHIBN)/DCOSHILGN] , .
TO22P= BN.DSINHIBNI-G&'TdeiDSINHIGNI
AZN—DSINIEN920VIODCDSHIBN'(I-UIlllISNS-GNSI‘BN‘PHISOPHIS'DCOSHlBNl
1y
BEN=-DSINIENP2'V|'DCDSHIGN'(1-UlllICSNS—GNS)'GN‘PHIS‘PPIS.DCOSHIGN
13

C2N= OSINIENPZOVl‘DSINHIBN‘UII((BNS-GNSI‘BNOPHIS'PHISPBCCSHIBNIi
D2N= -DSIN(ENPZ'VI‘DSINHIGN'U!IIIBNS-GNSI'GH‘PHlS'PHIS'DCOSHIGNIl

A



.
a4

" IF {M.GT.i} GO TG 7
AI(N+11120K2,IN+1lIZ+Kl=ITDZN'BN+GNIITDZZN
AllN*llIZ+K,IN*1112+K)=I(UFISOENPZS—BNS]-Tnzuonsxhﬂ|a~:+|urxso
P25—GNS)®*DSINKIGNI}/STD22N .
N+1}1/72+K, lellIEfKZl:(UFIS'ENPZS‘l1—TDZP)-BNS+TUZP‘GNSIITDZZP
§1I12+K,Ill=C2N'IUF15¢ENP25-BNS|*DZN'(UFIS‘ENPZS-GNSI
+1)/72+K2,I1)A2N*BN+B2NSGN .
] (N+1)IZOKl=ITDZN'DSINH(BN'UltDSINHlGNOUl J*ODSINIENP2Z2»V) F7T022N
e IN+1} 724K2)=(DCOSHIBN® (I—U)I-TDZP'DCOSHIGN'II—UII)ODSIN(ENPZ
T :
{

r.ot
o 1

D22P
ENPZS—UFS*ENS) F{BENS+EMP2S))9TD2N*BN*DCOSHIBN)
¥ X2=UIENP2S-UFS®GNS) /IGNS+EMP2S) ) *GN*DCOSHIGN) o
XX=2¢DSINLEMP2)*DSINIENP2)® (X1+X2) /TD22N
A({M*1) /72, IN+L}72¢K)=XX
X1={({ENP2S—UFS*BNS)/(BNS+EMP2S))¢DCOSHI(BN)
X2=U(ENP2S~UFS®GNS}/(GNS+EVMP2S) )} *TD2P *DCOSH{GN)
XX=2*DSINIENP2) *EMP29({X1-X2)/TD22P -
« AfIM*1)72,IN®1)/724K2)=XX
10 CONTINUE
DO 11 N=1,.,K — \
11 A[N+%x2,NeK2)==-1, - '

© DD 20 NT1,K1,.2
00 20 M=1,K1,2 :
ENP2=NeP] /2, ° ‘ : :
ENP2SSENP2SENP2 . . A

. EMP2z=MePI/2. ' : . :
EMP2S=EMP2vEMP2 - .
. BMS=PHISS (ALMDS+EMP25S]) a AN
$ BM=DSGRTIBMS) . e :
X1=ALMDS~EMP2S . ‘
- IF IX1aLTa0.0) GO TO 13,
“Gns=PHLs-xt~=Hﬁ¢\'-
‘GM=DSQRTIGMS)  ~ -~
TDIM=GM® (GMS+EMP2S*PGIS*PHIS} *DCOS(GM) /7 (BM® [BMS—EMP2Se
1PJIS*PHIS)*DCOSHIBM)) — )

' TD11M=BMe TD1M*DCOSHIBM) +GMeDCOSI(GM) o

o CIM=DSINC(EMP2SU)SDSINHIBMOV)/{ (BMS+GMS) *aMeDCOSHIBMY )

- DAMS=DSINIGMIV)SDSINIEMP2OL) /L (BMS+GMS)SGMeDCOSIGM) )

TF. {NGTe1) GO TO 12 ‘ :

T ALAMS1) /29 (ML) 720t {UF SCEEMP2S~EMS)STDIMSDSINH(BM) ¢ [UFSe .
1EMP2S+GMS)SDSINIGM) ) /TD11IM ) 4 _
ATIl, IM*1)/72)=(TD1MODSINRIBMOVI+DSINIGNSY))SDSINIEMP2oU) /VTDIIM

St A!(HOIJIZ,11I=C1N'(UFS-EPPZS—BHSIODLM'lUE;OEHP2$¢GNSI ‘ ‘
o A(I1,111=A0I1,11)¢(C1MeDCOSHI{BMEVI+DLMODCOSIGMSV))ISDSIN(EMP23U)
12 X1=({EMP2S-UFIS*BMS)/(BMS4ENP2S)}STDIMeBMeDCQSHIBM) :
X2={ IEMP25¢UFIS®*GMS) / IGMS—ENP2S) ) sGMeDCOSIGM)
KX=28DSIN(EMP2)*DSIN(ENP2)® (X1~X2)/TD11M
ALIN®LEZ72¢K44Me1372)=xX Co
X1=TOLX¥*BMODCOSHIBM) /(BMS*ENP2S) : TN
X2=GMODCOSIGMI/Z IGMS-ENP2S) _ .
CXXT2CEMP2SDSINIENP2)¢(X1-X2)/TD11M T
ALIN#L)Z2¢R25(0h+1)/72)=XR : . : ' :

EN
ALl
AlIN
AlIN
AlIl
AlIl
V317
X1=t

- ‘G0 TO 20 _
13 - X1s=X1 . - . _ - ;
GMS=PHISONL . E . : _ L

GM=DSARTIGMS) T : '

IF (BMS.LT7.22} 6O TO 1% o L N
FO2M=GFO (POISSPHISEENP25=GMS) / (BMe (BMS—POISOPHISSEMP2S )
"TO22M=TO2Me BMeGM S _ | ST
C2M=DSINIEMP2OU) /I IBMS=GKS) #BM)



D2M==DSIR(EMP2oUI/ ({BMS=GMS5})eGM) . ’

IF {N.GT.a}l GD TO 14 : :

B=1.

TEST=BM-BMey

IFITEST.GT.50.) B=0. .
A|I1,(H+11121=tlTozr-DExP((—euoantvnoalooexpll-su+cnav1-all-
10SINIEMP2eU) 7 (TD2M*BM+GM) JoR .
A(lell!Z,Ill:lCZM'DEXPII—BH\BH'Vl'BI‘luFS‘Eszs-BHS1+DZH'DEXP
1{[—GM+GMEV ) $B)* (UFS*EMP2S—GMS) ) *B
Al(M+1lla.lH+1)121=(IUFs-EMst-aMS)-TDZMotursosnpzs-GMSIalrozzm
B=1l« . '

TEST=BM—2%pMay

IF (TEST.GT.60) 8=0,. .
AtIl,Ill:AlIl.Iilf.S'lCZH‘DEXPlIZ‘BM‘v—BMI'BlfDZHlDEXP(IZ'GH'V-

. LGM)*B}))+BesCSINI(EMP2eU]} )
14 X1=(lEMP2ZS—UFIS®*BMS)IZ IBMS+ENP2S))*TD2M*BM L :

X2=((E¥P2S=UFIS*GHMS)/EGMS+ENP2S) ) *GNM

XX=28DSINIEMP2) *DSINIENP2)®(X1+X2)/TD22M .
AlIN®1)}/72+KsIM+3)72)=XX ’ -
X1=TO2V*BM/ (BMS+ENP2S]) .

X2=GM/{GMS+ENP2S)
XX=2%ENMP2SDSINIENPZ)® I X1+X2)7TD22M v —
A{IN+®L)/72+K2,{M+1)/72)=XX 2 .

.

GD TO 20 o . . .,
15 TDZH:GH'IPOIS‘PHIS‘ENst-GMSI‘DCUSHIGHJIIEH‘(BMS-PDIS‘PHIS‘
. 1EMP2S}eDCOSHIBM) I )
LI TD»ZZM:TDzH.BM-DCDSHIBP!OGH'DCOSHIGMI . .
czlll:DSlNlEKPz'Ul'DSINHI,BHOVIIIlBHS—GHSl'BM'DCOSHIBH)!
. DZM:-—DSIHIEMPZOU!'DSINH(GM'\HII(BHS-GNSIUGH'DCOSHIGHII
IF (N.GT.1) GO TO 16 o : )
Allh+1llZ.lM+1lIZI‘-‘IluFS'EHPZS-BHSI-,T-DZMODSINHCBMIO-IUFS'EMPZS-
1GMS)*DSINH{GM) ) #TD22V , ,
AlIly(M*1)/72)=(TD2MODSINHIBFOV)+DSINHIGMOV]IISDSINIEMP2oU)/TD22M
. ALIM#1)/2,111=C2MO (UFSeEMP2S—8ME) +D2MO{UFSOEMP2S—GMS ) - -
- AlT14T11=A{I1,X2)+(C2M*DCOSHIEMOV)4D2MeDCOSHIGNOV))SDSINIEMP2OU)
16 X1=€(EMP2S—UFIS*BMS)/IBMS+ENP2S))STD2ZMeBMeDCOSHIBM)
X2={lEVFP2S=UFISOGMS) 7/ (.GMS+ENP25) ) *GMeDCOSH{GM)
XX=28DSINIEMP2) ¢DSIN(ENP2) s {X14X2)/sTD22M : o
ALINSL) 724K, ML) 72)=XX . : .
X1=TD2MeBMSDCOSHIBMI/(BMSH+ENP2S) “ o :
X2=GM*DCOSHIGML/IGWS+ENP2S) '
XX=20EFP2SDSINIENP2)®(X14¢X2)/TD22M
ALIN+1)/24K2,IM41)/721=XX
20 CONTINUE .
© CALL DEYERM (A,11,DET)
PRINT 110,ALMDS,DET . .
110 FURMATI'~','ALM05=',F13.7,1ox,'oerb'.ozo.sl
ALMDS=ALMDS+DEL ’ e
IF (ALMDS.LE.DLIM) GO TO 1 , Lo .
sTOP ‘ r o
END : , oo TN
SUBROUTINE DETERM (AL.N,DET) o _— W .
IMPLICIT REAL®S tA=H,0=2) : S ' Co
"DIMENSION A(150,150) : ‘ o
_SIGN=1, ‘ -
LAST=N=1 - . . -
. START OVERALL LOOP FORIN-1) PIVOTS . . . : e

. DD 290 I=Z1,LASY ' _ Coo Ll



“m00n

fon

FIND THE LARGEST REMAINING TERM IN I-TH COLUMN FOR PIVOT

31G=0,
DO 50 K=I,N
TERM=DABS{AIK,I}}
) IF (TERM—BIG)S0,50,30 2
30 BIG=TERM
=K
B 50 CONTINUE ’ ' : ¥

' CHECK WHETHER A NON-ZERO TERM HAS BEEN FOUND : :
IF (BIG)80,60,80
L=TH ROW HAS THE BIGGEST TERM~——=I§ I=L
T80 IF 1I-L190,120,90

1 IS NOT EQUAL TO L'SUITCH ROHS I AND L

NN Nnoo A0n

0 sxcn--sxcu ) "
" DO 100 J=1,N . :

- TEMP=ALI, Jl , L s : o
. AlIzJd)= AlL.Jl . _ . ‘ .
100 AtL.J)-renp : - » L - - :

NOw - START PIVOTAL REDUCTION : : \<

120 PIVOTSA(ISI} . _ : | o
NEITR-I*I Ce Lo K )

FDR EACH OF THE ROW¥S AFTEP THE I -TH

.

00 200 J:NExrn. K o -

.
'HULTIPLYING CONSTANT FOR THE J TH RDU IS -~
CONST AlJy1dsPIvVOY o "o
NDU REDUOE EACH TERH OF THE J—TH R&U

|

DO 210 K=JIyN - ¢ . \

nno nnnhhhn

200 AlJ,Kl-A(J,KI-CONST'A(I,KI

* END OF vaorAL REDUCTION--~NOW COMPUTE DEIERH{NANT
DET=SIGN, -\~ S -

'nnn

DO 300 I=31,N
- 300 DET—DET‘AII,Illlo. , B . Lo
GO TO &1 ) to. S b
60 DET=0. o - : : .
§1 RETURN _
END -

..

'
L
-

i
T
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- PRDuRAM 16

L3

H .
) THIS XI5 AN ANTISYMMETRIC MODE SHAPE PROGRAM FOR THE
RECTANGULAR CANTILEVER PLATYE FREE VIBRATION PROBLEMS WITH

.SYMMETRICALLY OISTYTRIBUTED POINT SUPPORTS ON THE PLATE LATERAL

SURFA¢E.[UNE SUPPORT ON EACH SIDE OF THE CENTRAL AXIS).
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———~w——
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J

w ) ..-.

i o 30 i
. B ,l.jF..‘jxox.

USAGE" THE FOLLDhING VARIABLES MUST BE PROVIDED;
AS DEFINED IN PROGQ&F 15-

v le= K =
2.- U - = AS DEFINED IN PROGRAM 15.
' 4 3.-v = As DEFINED In PQOGRAM 15, .

he= PHIR .= 28B/7A FULL PLATE ASPECT RATIO.

S5.= ALMDS = EIGENVALUE,

6.~ KS = NUMBER OF PDINTS AT wHICH THE DISPLACE=-

_ MENI ¥ IS REQUIRED. .
: 7.= POI = POISSON'S RATIO. = ' 7

CCCCCCCCECCCCCCCCCCCCCCCCCCQCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCC

.IMPLICIT RE ,’

DIMENSION
COMMON, 2
u=t1tt

-

2
!!!
1112
tree
Y

F.3

[}

) -

L, ]

-
LR L LN

-
X
-
0
n
| -
-l wp
-

L

ALMDS=1?
PHI=PHIR/
PRINTSD:PH
FORMAT(®1°,

-t “ll'

Sl

C=xzl.

~PITASDATANIC)

PHISZPHI®PHIN

POI=T227222220222072 227227

POIS=2~PO1 . e

PHINZ1./PHI - - i :
. PHMINS=PHIN®PHIN o ot
 UFSSPOISPHIS . - o ' .

10Xy %K =%915,10X9 ALMDS
, . : . . i

.

nnnﬂdnnnnhnnnnnnnnn



e .

o . . < .

UFIS=SPOI*PHINS
I=3sK N . o .
I1=I+1 , "o

1 CONTINUE-. A .

¥

INITIALIZE THE MATRIX TO 0.0 . v T ]

DO 2 M=1,1I1 3 s . ’ . 7 .- .
: DO 2 N=1,I1 ‘ . ‘ -
2 A(M NI=0.0 Co
00 10 M=1,K1,2 . Py - . ne
DO 10 Nh=1,K1,2 : : ' o
EMP2=M®PI/f2. :
EMP2S=EMP2%EMP2’ s _ :
ENP2=N*P1/2. ‘ - Ce e
ENP2S=ENP2%ENP2 . : v
BNS=PHINS® {ENP2S+ALMDS*PHIS] B
BN=DSQRT(BNS) ¢
X1=ALVMDS®*PHIS~ENP2S )
IF tX1,.LT.0.0) GO TO & : .
GNS=PHINS*X1
GN=DSQRTIGNS) '
TO1N= GN‘DCOS(GN!-IGNS¢ENP250POISOPHINSlI(BN'DCDSHIBNI‘(BNS -ENP2Se
APOIS®PHINS) ) ,
TO11N=BN®*TDIN®*DCOSHIEN) +GN*DCOSIGN])
TDAP=DCOSHIBN)}/DCOSIGN]
TD11P=BN*DSINHIBN)}+GNSDSINIGN)*TD1P :
ALN= DSIN(ENFZ'Vi'DCGSH(BN'II—UI)I(IBNS#GNS]‘BN‘PHISOPHIS'DCDSHIBN)
1)
BLN==DCOSIGN®{1=U) ) *DOSINIENP2*V}I/{ (BNS+GNS)SGNSPHIS®PHIS®0COSIGN)) .
CiNn= ZDSINIENP2*V)ISDSINHIBNSU) F{.{BNS+GNS)I*BNOPHISSPHIS*DCOSHIBN] ) "
DlN“—OSINIGNOU)'DSINIENPZtV!II(BNS+GNSltGN‘PHIS'PHIS‘DCOS!GNII
IF (M.GT.1.) GO TO 3
“ALCN#L)/724K2,IN+1}/2¢K)I=ITDIN®BN+GN) 7TD11N
ALIN®LE/29R 3 {NS*L) 724K)I=QIUFISOENP2S~ BNS)‘TDlN'DSINHIBle(UFIS
1®ENP2S+GNS)*DSINI(GNII/Z/TD11N
ALIN®LIV/24K 3 IN®L )/ 2¢K2)={UFISCENP2S* (- 2=TD1P)—-8NS—TD1P*GNS)/TDL11P
ALIN®L 724K I1FSCAN®{UFIS*ENP25S=8NS) +DIN® {UFISSENP25¢GNS) .
ALIN4L)/724K24T1)=ALNSBN+BINOGN

Kl

n

ACILly (N*1}72¢K)S(TDINSDSINHIBNSUI+DSINIGNOU))SOSINIENP2OV)/ZTD11N
ACILly(N41)/72¢K2)=({DCOSHIBNS (1= UII—TDIPODCOSIGN‘II—UIIi'DSI NLENR2sy
11/70119 *
3 =(tsupzs-urs-aN5|t(aNSoEansnl-roxu-auaocosulanz
: 2=((ENP2S+UFS®GNSY/({GNS~EMP2S}1®GNeDCOS{GN) . - \
xx 2*DSINIEMP2)*DSINIENP2)®IX1=X2)/TD11N o A
ALIM*LI/2 38N+ 724K XX .
x:-llENst-urs-eN51its~s+enpzs|nvocosulaN)
X2=(LENP2S+UFS®GNS) ZLIGNS=EMP2S) )*TD1PsDCOS(GN]
XX= z-os:ulenpzl-enpz-lxxflettoxxp o . . :
Aunfxllz.(uoulznczl-xx B '
60 TO 10 . T _
4. Xlz==X1 : : . ' R R ‘
" GNSZPHINS®Xx1 ‘ | “.
GN=DSORTI(GNS) : _ Y . v . .
o IF (BNS.LT.227 GO TC € ' - Y .
TD2N=GN® tPOISSePHINSYENP2S~ Gusallauv(aus POIS'PHINS'ENPZSDI
tnzzu:tozuosuosn : i . fe iy oo
TO2P=1,. « . R " ., '.1 LIS -

T TD22P=BN-—-GNeTD2P n ) . . - . .
. I¥ {MaGT41) GO TG 5 ' o : E *



' -u63_ L.
- o’
. -
A((N*l"Zszg‘N+1|12+Kl=0.°
ALIN®LY/24K3IN+1)/72+K21=0.0
'A((Nfllfz’K'tN91'f2+K|= tUFIS.ENst-BNS'.TDZN4UFIS.EN925

1-GNS)/7TD22N

' . TD2N=GN®*IPUIS®*PHINS®ENP25-GNS)/(BN*(BNS~ POIS‘PHINS'ENPZSI) ot
T —TEST=BN-BNsU

B=1.0
IFITEST.GT.60.) B=0.0
A(I1l, IN*1}/2+K)}=l(TD2N*DEXP((BNaY~ —~BNI *B)+DEXPLIGN®U~ —-GNle*B)}>» T

IDSIN(Ethiv!I(TDZN‘8N+GNII‘B
“TEST=BN®V
. B=1,

IFI{TEST.GT.60,) B
AIIi,lh+1llZ+K2)=
1) 7{BN=-GN])*a_
C2ZN=DSINIENP2eV)/(LIBNS~GNS)*BNOPHIS*PHLIS])
DZN:-DSIN(ENPZ'VIII(BNS—GNSJ‘GNOPHIS'PHISI

TEST-BN-8NsUY ’ :
‘B=1.0 i . : s °
IFL{TEST.GT.60.,) B=0.
ALIN®L)Z72eK,I1)=1C2N
1£NPZS GNSI‘DEXP(IGN‘U GN)*B))=*B

‘A2N= DSINIENPZ‘VII(IBNS-GNSI‘BNOPHIS'PHISI

BZN--QSIN(ENPZ‘VII(IBNS GNSISGN*PHISePHIS)

‘TEST=8N®y ‘ ] ®

e=1, - .

IF(TESTeGTea€60.) B=0.

AlLIN+1)/72ex2, 11|-IA2N-BNODExPI(—BNOUI-BI+BZNOGN=DEXPIt—GN'u)'Bl108

°. . ) S
i

( DEXPII—BN.U)'B)—DEKPIl—GN‘Ul‘BII‘DSIN(EﬂfZ‘V

'lUFIS'ENPZS BNSI‘DE!Pl(BN'U-BhI‘B]*DZN'IUFIS'

5 Xl—lIENPZS-UFS'BNSDIIBNSOEMstll‘TDZN‘BN

X2=(IENP2S=UFS®GNS) /{GNS+EMP2S) I eGN : . T
XX= 2-nszutsnﬂz|-osxuceurzlo(x1+xz:frozzn : - co
AL(M*L)/72,IN®1) 724K} =XX

" XL1=(ENP2S5S=-UFS®BNS)Z/(BNS+EMP2S) ) AW

" X2=LENP25-UFSOGNSI/IGNS+EMP25S) ‘
KX=2®DSINI{ENP2) SEMP28(X1=X2}/TD22P -

“ACIMeLD /2, EN*L) 724 K2)XX , ' \

GO TO 10

"% TO2N= GN* (POISO®PHINS®ENP2S~ GNSI‘DCOSHIGNIIIBNOIBNS—PDIS'PNIN$'

1ENP2S5) *DCOSHIBNID) . . N .
TD22N= IDZN‘BN'DCOSHPBNl4GNODCOSHIGNI I a N
TD2P=DCOSHIBNIZDCOSHIGN) : . S "
"FD22P=HBN*DSINHIBN)—-GNO®TD2PSDSINHIGNS -

A2N= DSINIENPZ‘VI‘DCDSH(BN'II-UIIIl(BNS—GNSI'BN'PHIS'PHIS‘ﬁSOSHIBNI
< 10
' Bzﬂ-rDSIHIENPZQVl‘DCDSHIGN‘(1 U)IIl(BNS-GNS"GN‘PHIS.PHIS‘DCOSHIGN

i
C2N= DSINCENPZ'Vi'DSlNHIBN‘U)IlIBNS-GNSI'BN‘PHIS'PHIS’DCOSH{BNIl
" DIN=-DSINIENP2eV}*DSINHI(GN®U) /{(BNS~ GNSI‘GN'PHIS‘PHIS‘DCDSH‘GN))
iF (M.GT.1) GO TO 7
CANAINSLIZ24¢K2, IN®L)/2¢KDS(TD2NOBN+GN) Z/TD22N )
A(IN’IIIleK’INOI)IZOKl'I(UFIS‘ENst BNSI0T02N-DSINHIBNIOIUFIS'

1ENP2S5=GNSI®DSINHIGNI)/TD22N

~

T A(lN#lIIZQK.leilIZOKZI‘IUFIS‘ENPas‘Il-TDZPl-BNSfTDZP'GNSIITDZZP

ALINSL1) 724K TI2)SC2NPLUFISsENP2S- —ONS)*D2N* (UFIS*ENP2S=GNS])

ALIN®L) 724K 2,TJ1) AN BN+B2NIGN :

AIll.IN#IIIZ*KI-ITDZN‘DSINHIBN‘UIODSINHlGN‘W?I‘DSINIENP?'V!ITDZZN

AlllgIN*1)IZ¢K2I-IDCOSHIBN‘I1 UN)=TD2Pe0DCOSHIGNS {1~ UII].DSINIEHPZ

1sv)/TD2z2P - . ¥
7 ;Xl=|IEN“ZS-UFS.BNSIlIBNSQEHPZSI|'TDZN‘BN'DCOSHIBN! o ‘ : g

IZ=‘lEhPZS—UFS'GNS'IIGNSOEMPZSIl‘GN'DCDSHIGN) - T

8 .

<



"

N6y~ o

XK= 2oost(EuP2|-DSIN¢E~P2)-|x1+x2‘lrozz~
( AlLIM+1 72, IN+1)/72+K)=XX
v XL=LIENP2S—UFSeBNS) /(BNS+EMP2S}) ¢ DCOSH{BN)
X2=( (ENP2S~UFS®GNSI /({GNS+EMP2S)1 )8 TD2P*DCOSHIGN)
Xx= 2t051N(ENle-enpz-|x1~xzxftozzp
AlIlMe+1)/r2, (N+1:/2+Kzn-xx
10 CONTINUE
DD 11 N=1,Xx
11 AINtK2,N+K2}=-1,
0D 20 N=1,K1,2
JDU Z0 m= 1,&1,2
ENP2INePIV2, S
ENP2S=ENP2SENP2 . S ‘e
EMpP2=pmeprs2, ‘ . -
EMP2S=EMP2SEMP2 - -
- BMS=PHIS® (ALMDS+EMP2S) .
BM=DSQRTI(BMS) /oy
X1=ALMDS—EMP2S o
IF” [X1.LT.0.00) GO TO 13’
GMS=PHIS® X1 )
GM=DSORTIGMS)
TDlM:GM‘IGHS+EMPZS'PDIS'PHIS)‘DCUSIGHIIlBHO(BMS—EMPZS‘
1POISePHIS)*DCOSHI{BM) ) v B
TO11M=BMeTDIMeDCOSHIBM) ¢+GM*DCOSIGM] )
‘CimM= osxulEMP2-01-DSIMHIBM-VIll(BMquMS|-ennocosuIaMm:
oxn--nsxutcnovl-DSINlEupzoulfllBMSpGnS)tGMtDCpSIGMII S
“IF (N.GT.1) GO YO 12 - ‘

2 o :
AllH*llIZq(M01I12)=IIUFS'EHPZS—BHSllTDlH'DSTNHIBH)#IUFS“

1EMP254GMS)I*DSINIGM) ) /TD11M

e

'AlIl.(H¢1l12l‘lTDlH‘DSINHIBH'Vl+DSINIGH'VFI'DSINlEﬂPz'UIITDIIH

AllM+r072, III‘CIH‘IUFS'EHPZS—BHSDfDlHWIUFS.EMPZSQGHSl

~ AlXl, Ill-A(Il,Ill+ICIP‘DCOSHIBF'VI001M‘DCUSlGM'VIl'DSINlENPZ'Uﬁ
.12 XI-IIEPPZS-UFIS‘BHSIllBHS*ENPZSll'TDlH'BH.DccgﬂlB*n o

XZ-lIEMsttuFIS‘GNSIIIGPS—ENPZSIl.Gﬂ‘DCDSlGMl
XX= Z‘DSIH(EHPZl.DSINIENP2l‘IKI-X2lITDllN

ALINSLDZ24K,y IM+2)/72)=XX o .

4 x1= roxn-annocosulan:f(aMSosnpzsl
xa GMeDCOSIGM) 7 IGMS—ENP2S) - _ '
S2eEMPZEDSINIENP2) (X1 =X2)/7TO11M . o
A(lnoxlﬁzox:,lnox:f:l-xx . _ B D
* GO TO 20 . L. _
13 X1z==Xx1i - . e
GMS=PHISe X2 . : _ - S
s GM=DSQRTIGMS ) . .
IF (BMS5.LT.22) GO TQ 15 ° '
TO2M= GMtlPOIS'PHIS'EMPZS-GVS]IIBMO(BHS—POIS‘PHLS‘EMPZSL!
TD2ZM=TD2MeBMeGH . _ ' o
..Czn"DSINCEMPZOUII((IMS ~GMS)epM) ‘ R
"D2ZMz=DSINIEMP2%U) 7/ ((BNMS= cn51-cn|

© IF (N.GT.1) Gp TO 14 . . . .
B=1. - ot o - -
TEST=8M=BMSY. . - o - .
. IFITESTOGTGSOO’ B=0.. ’ : L\"_ ° e ,
Att:.luoiltal:lttnznooexptt-arean-v:te»¢osxpt|-sn¢cn-vaoul)o
wart, 1DSINCEMP2OUI/LTD2MOBMeGM)) S , ~
:éghAlIM41312.!1f=052M.DElPlI-BMﬂBM-VLﬁel‘lUFS‘EM!ZS-BMS)#DZH'DE[P
'TllI-GMﬂGHOUlOBl‘IUFS‘EVPZS-GHSll‘B s :
o A (Méy l/z.le1l12l=llUFS‘£Mst BMSI-tozn+lursoenpzs-cﬂ51)ttozzn
B=1., . N . . .
© TEST-awvm=2egMey ‘ - © _ SRR .
RO - o S - e vt o
\» . 4 . - v . & - . .
-4 ' . -
Cote m—— : T ' - o= ‘ ° .

.



IF ITEST.GT.EOl B=0.
" AIT1,11)=A1T1,I1)¢. sotczu-nzxpllz-an-v-ann-B:+ozn-05xpt(z-cnov-
. 1GMI®B) ) SB*DSINIENP2 W]
14 X1=([EMP2S-UF1SsBMS1/(BMS+ENP2S)) s TD2MeBM .
+ X2=(ULENMP2S~UFIS®GMS) /(GMS+ENP25)) »GM RN
XX'2ODSINIEHPZI'DSINIENle'(lelleTozzn ‘
"AllH*lllZ#K.(NtlllZ)-xx
" X1=TD2K*BM/ {BMSENP2S)’
[X2=GM/ IGMS+ENP2S) ' T
‘ XX=28EMP2eDSIN(ENP2I ¢ {X14X2)}/7TD22M N
: A(INS®L) 724K2,IM+1) 22)=XX ~
T GO TO 20

1is 'lPDISOPhIS'EHPZS-GMSI-DCOSHlGMlIIBH'(BHS —~PDIS®*PHISS
. . 1EMP2S)eD M)t N
a - TD22METD2M*BMSDCOSHIBM) +GMODCOSHIGM)

C2M=DSINIEMP23U]I sDSTNH(BN®V)/L{-{BMS~GMS) *BMeDCOSHIBM) )
\Mbiy‘—DSINIENPZOUI'DSINHIGMOVII(lBHS-GVST*Gn&DCQQE(GHlI

{N.GT.1) GO TO 16§ T —-—

L ATTME33/2,UMe2) /2)=t (UFSeEMP25S~ ansnarozn-osznn(anlo(urs-suvzs—
‘. . . 1GMS)ISDSINHAIGMI) /TD22M
. All;.|n+r1i2|-|102M-DSINu|evbv1+osxnnlGntV)loost(EHPz-u:ITozzn
T AL IMe1)/2,T1)=C2M O {UFSSEMP2S—BMS) +D2MS(UFSSEMP25~GMS }
C . AlIi.ill‘Al11,r11+|C2M-DCOSHIBMtUI+DZM-DCDSHIGHOVI)‘DSINIEHPZ'U)
16 XI={IEMP2S=UF1IS*BMSL/IBMS+ENP2S)I)¢TD2MeBMODCOSHIBM)
- . X2=({EFP2S~UFISOGMS)/IGHMSEENP2S)) *GUeDCOSHIGM)
XX= zans:NIEHle-osttEuPzD-IxJox21rtnzzn .
ALIN®L) /724K IMe1)72)=XX
xl:TDzH‘BH‘DCDSHIBH)ICBHS#ENEZS)—n;*\\
X2=GM®DCOSHIGM) / {GMS+ENP2S] e )
XX=20EMP2SDSINIENP2I*(X1+4X2)7TD22M el . ' .
. ALINSLI724K2,1iMe1)/72)=XX el
20 : CONTINUE -
.T.D0 22 Jm1,11,
TEMP=AL(J, I}
ALJyI1ZALlJaI1)
AIJ.II)—TEHP
22 CONTINUE
CALL DETERM |A.11,DET|

. PRINT2S

25 roanutl'1‘,30:,‘Eno'.11111)
STopP - .
END

SUBROUIINE DETERM (A,N,DET)
) IMPLICITY REAL‘ICA-N,O-ZI
. DIMENSION AU 98) g XKUNNDLEM{TSILENITS ), EPl?!l
L SIGNZ=1,
N Hz=h=1 .
LASTz=M=1

START OVERALL LOOP FORIN-13 PIVOTS S,
~ . : :’. * .

DO 200 I=1,LAST

‘ann onn

.10300/
DO 50 -
. TEQ“SDADS:‘C ‘ -
‘ . IF (VERM-81G) ’ .30 . L o o
- 30 BIGETERNM ) - : _ L oo | .

-

FiND. tna/LAaccst RENAINING TERM IN I=TH COLUMN. FOR vaot e




Il
A

';*ng . ‘ . )
'400 00 450 u=2,1 o P . \“::::m\\ oo

£ = - :
f\\\c WORK BACKWARD FOR RENI o RAN=1 ) mcomSUBSTATUTING PREVIOUSLY hx\#‘“\éxx '
g\“\\\:::no vAlues . - | o N

'not NORKING ON LAST ROW,X IS 2 oOR GREATER e

‘ - . - . ' - .
- _-'. . . r ‘ N
. -. --. : * b L — / ' ]
~oe . o . 466~ .
..‘\‘ Lol ; ; . -
l . N - g * ’ / - " v
N J
. . -' \‘ ) ., '/ . ) s -
- : Na : 5 : \
SN | o | ' |
|0 50 CONTINUE S .- . _ o \\\,;-
s "~ .CHECK' WHETHER ™A NON-ZERO TERK HAS BEEN FOUND L T~ -
c “‘-. e . ) e . T,
_ IF tatsrto,so.lo- : —_ R \\\\\\:
c L-ru ROW HAS THE BIGGEsvmxznn-——-ls 1=t v oo : .
. c . . ~
TN, .80 IF I-1190,120,30 : T 1
c ) ’ ]
c " I.1S NOT EQUAL ToO L,swxrcn ROWS I AND L . o
¢ ‘ Coen |
90.D0 300 J=1,N ' : : e e
TEMP=A I, 41 R . : b .
NPTy POT _ i o .. S -
100 AlL.J) TEMP . : = - .
. c ) - ‘ i . .
c _ ﬂn- START PIVOTAL REDUCTION ' ) - o
120 PIVOT=A -~——-__________ : : ' : o
N usxra:xoz - — .
c ) —h_h‘T—hf‘“__—h~“““~——____hh_" ‘ .
. € . FOR ‘EACH OF THE ROWS AFTER THE I-TH - ‘ T —
- € - . : : . :,
. on 200 JSNEXTR,M ‘ . .
e - . '
- MULTIPLYING CONSTANT FOR THE J=~TH ROW IS '
MRS LCONST=A4J, 1) /PIVOT -
c -
e nou _REDUCE EACH TERM OF. THE J=~TH .ROW.
WG
¢ W 00 Z0O XK=I,N e = ' :
oL zoo AtJ.K::AlJ.xl-cousroA|1.nn . - . : .
‘. A‘.c.. . . . .
c - sun oF. vaotAL REDUCTION-= PERFORM BACK SUBSTITUTION -

N -

BACKWARD INDEX,GOING FROM M BACK TO 1
T .1_\‘-\_ . ) o ' : I *
IREV "'1 I o \ . v ' '
' GET YUIREV) 1IN paer;nar:oNmeﬁ ; :
YSALIREV,N) - '\““\\“- o ‘
IF (IREV=M) 40045004400 e : R

ed=9 o E

480 v:v-a;:nev.kltxlnl




FINALLY,COMPUTE XUIREV)
.
500 XtIREVI=Y/A(IREV,IREV)

OnNn 0N

FIND AND PRINT EMJ,EN,EP,AND P® v - ' L

L=M723 . o ' . . S . .
DO 550 I=1,L
Jz=28I-1
EMIJII=X(II
"EN(JI=XTIeL)
. P=Xx(M) '
T . =EFIGEQL.LY GG TO S4T - . . "
.. EPYJI=X(I+2eL) TTre—
GO TO 550 : IR . ‘
540 EP(J)==1, -
' GO T0 1 T
550 anursoo,J.J.EM(J).J EN(J),J.EPIJ!,P .
$§00 FORMAT (=% ,% )=¢ _12, 1ox,'£n|',zz.': '9D15, s,1ox.'eua'.121 'yt
1,015, s.1ox,'EPl',zz.'l-' 2015.5,10X, *P* =',D15,5) : \\;\- :
PRINT 650 LT '

50 FORMAT("1%,*THE ANTI-SYMMETRIC MODE SHAPE DATA ARE: ,llli)
1 CALL snapsren.su EP,P) _ s
60 RETURN _ : AN
" END, : . ~.
SUBROUTINE SHAPElEH,EN.EP.PI ’ v :
_ﬁ“““*-~hxﬁptxcxt REAL®8 (A—H,0=2} . , .
 COMKON—224PHI PI,PHIS,POY,POLS,PNINyPHINS, ALMDS U VX, K1,KS
\ PIMENSION uxczx,le,uztzz.z1|,u3|z1.z1|,ualzx.zzl.vl:;.le.
: LEMITS) 4ENIT?5)4,EP(TS) —— . . ,
. KS1=KSe1 . ‘“*ﬁwaﬁxh&xx‘ : :
ETA=0.0 :
DO 30 IzZ1,KS1 . -
PSI=0.0
DO 640 J=x1,KS1
w1is0.0 : .
¥22z=0.0 . . -
"W33=0.0 . L
d44z20.,0 '
00 6§20 NS1eK1,2
ENP2=NSPI/2, ‘ ‘
ENP2SZENP2PENP2 . : N . ' ' *
BNS= PHINSOtEustoALrns-PHxSI . . :
BNZDSAORTIBNS) :
. KATALMDS¢PHIS-ENP2S : .
IF (X1.LT.0.0) GO TO €605 : .
GNSTPHEINSIXY ) _
GNEDSQRTIGNS) T
toau:cutocosicutotcusoannzsoroxsopnINSiltantocosntnult|ans-znpzst
1POLSOPHINSY ). .
toaanaluttoauoocosntauiooutocosccni - L .
. TD1P=DCOSHEBNDI 7DCOSIGN) , !
-~ toxipzononstnntauioouoosrulculttoxr
Axnsv‘bstuttnrztviOocosulnn001-ultlttansocusttauornxsoputst ; ‘
10COSHtBNE ) ' - N
1.1:;:::?fostcutia-ulitbststturzovilltansocnstoosornxsorutso
o¢
ctutrdoslut!uhzovioostnuiauoutlttlnsocnsitouoputsorutsoocosut N))
otn:-btostutououicoslutenbttvilltonsocnst0cnopu1509utsoocostc 1)

r AE s8.0) 00 ?b .0 .
Ui kL Rttt




e R CE . . b . : . v

v © . .XF (PSI Eo.o.o: GG TD 603,
. Xe2= EN(Nl‘(TDIN'DSINH(BN‘PSIIfDSIN(GN'PSIII'DSINIENPZ‘ETAIITO!lN
A IF (P51.EQ.1.0) GO TO 601
- XW3SEPIN)I®({DCOSH{I1-PSI)*8N)—TD1PsDCOSt[1— PSI)*GN}}*DSIN
- _LLENP2SETA}/TD11P
- Wel= (AIN'DSINHlBN'PSIJOBINlDSIN(GNCPSIIl'DSINIENPZ'ETﬁ)
. WA= tcxnoncosulancll—Psxl|o01~oocostcN-(1 PstllnooszntanpatErAl
AAG=WAL
IF PSI.GT.U) xua 'L Y-
. GO TO 604 : -
- §01 Xo3a= EPIN"ll-TDlPl'DSIN(ENPZOETAIIT011P :
XH4‘151N+01N)'DSINIENPZ'ETAI " :
GD TO 6504 : i ’
602 Xd2=0.0 -
KU_S:D-O .
XWh=0.,0 .
G0 TO €604 . - ' .
§03 Xw2=0.0
XIS':PINI'IDCOSHIBNI-TDIP'DCDSGGNIl'DSIN(ENPztETAIITDIIP
T . Xd&ez=0,0
604 W2(I,J)=W22¢Xw2 .
W3I(1,J)=w33+X¥W3 ’ .
Wal{IJiz=ubhbeXua . B
"W22=wW2(1,9) " : » s
- ' d33=WILTLJ)
Whaz=swbhilI,J)
. GO TO 620
€05 X1==x1 :
.+ BGNS=PHINSe*x1
. " GN=DSQRTIGNS)
o IF IBNS5,.GT.22) GO TO €10
.6 TD2N= GN‘(PDIS'PHINS‘ENPZS GNSI‘DCOSH(GN]I(BN‘(BNS =POIS*PHINSS
LT 1ENP2SI*DCOSHIBN])) N
TD22N= TDZN'SH'DCDSHIBN)QGHODCOSHIGNI _ \\ [f“’>

TD2P=DCOSHIBN)/DCOSHIGN]) _ .
TD22P=BNODSINHIBN) =GNeTDZP*DSINHIGN) C ’ )
A2N=PODSINCENP2%Y)*DCOSHIBNS [1— UIIIIIBNS-GNSI‘BNOPHIS'PHIS'
. LDCOSHIBNY)Y | :
““‘“aﬁgﬁ.' azu--poosxu(enpzovn-ocosnlcut|1-0|atttaus GRSI‘GNOPHI‘OPHISO
T T=2DCOSHIGN) ) ,
_ T C2NE=PODSINIENP2OVISDSINHIBNSU) 7 ( {BNS~ GNSIOBNOPHIS‘PHIS‘DCOSH(BNl
o D2ZN==PeDSINIENP2OV)ICDSINHIGNSL)/{IBNS—GNS) SGhOPHISePHISODCOSHIGN

L IF (ETALEQa040) GO -0 607
IF {P51.EQe0.0} GO TO 6O ‘ - '
‘ Xa2=ENIN) S ITD2NCOSINHIBNOPSII4DSINHIGNEPSI))ISDSINIENP2OETA) /TD22N
. 1IF (PSI.EQei1.0) GO TC 608 o AN
_anaserluaotocosnt(1-Psx:tau:-1oznoocosutl:-PslloaN|)oosxutEuPz-f,
JAETA)ZTD22P S
WALELAZNSDSINHIBNOPST)4B2NOUSINHIGNOPST ) IODSINLENP2OETA) -
—-azslcznoocosutsuoca-Pstl:oozNOocosnlcno|1—Psxn)itnsxnlenpzttraa
. RWAtwAel
ST BF 4PS1.GT.U) Rwazwa2 . T
: - .80 TO 609 e ™
508 xas-erinntlz-tozrntnsx N{ENP zOEIAlltozzp : = '
v REASECINSD2NISOSINIENP2OETAY: ‘ :
; GO TOD §09 . Cw ' . .-
607 Xe220.0 _ . S -
- X8330,0 . . T _ - 5 ,
S AUARO.0 DR ] S SRS :
T, ) - G0 70 ¢09 B s ' T A

. —-—— . . -
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-

& . : K N L . . . . w!
EN > : . . . ) R




€608 XW2=0.0 :
. xua:EPlN!-ID\DSHIBN!—TnzP'DCDSH(GN)iODSINlENPZOETAIITDZZP
Xwét=0.0 \
6§09 W2{I, J)l=w224¢XWw2 g \ : )
W3(1,Jd)=w33e¢XW3 :
Wh{IJiI=WaseXWS ’ \
w22=w2lI,J} -
W33=w3lI,J) * \
Vas=walIaJ] X ) - C
: GO TO €20 . N\ s Coa
610 TD2N=GNeIPOIS®*PHINS®ENP2S—- GNSII(EN-(BNS-POIS'PﬂINS'ENPZSIl *
IF (ETA.EQ.0.0) GD YO €12 - ; \
IF (PS1.EQ.0.0} GO TO 612 . \ - .
B=1.0 ‘ LN o ' ‘
TEST=8N=-BNepPSI . %
IF (TEST<6GT.60.) B=0.0 . L
"AL=DEXFI(BN®PSI=BN)sB)*B \ . .
A2ZDEXPIIGNOPSI-GN)*B)L*pH
Xw2= Eu(na-ttozuonzoaz:-osxnleupzaerui11102N-su¢cn1
. Bz=1. .
ot TEST=BNePS1
N <« IF ITEST«GT.60.) 8=0.0 , : Y
> BL=DEXP(~=BN®PSIeB)eph : _
. B2=DEXP(~GNSPSIeB)eB
XW3ZEPIN)#{B1-B2) *ODSINIENP2CETANZ (BN~ cnnx
i, A2ZNSPODSIN(ENP2eV)Y/ {IBNS~GKS)*BNSPHIS®PHIS)
" B2NS=PODSINIENP2OVI/ ((BNS=GNS)*GNSPHISePHIS)
CANZPOCSINIENP2V)/ (({BNS—GNS)*BNOPHISOPHIS}
02 "-P'DSINIENP2'VIII(BNS-GNSI'GNOPHIS'PH151
83=1. . . v
. N 8=1, - L. : S
Tt C=%a.. : :
S D=8 . Y
TEST11=8NePSI~-BNOU _ . : X
. TESTA==TEST11 . : ) g
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