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the st19z Ofs IuPersaat O1litiGaae. Mt Oblutm by OPPI'R~IMat

metbods bao great advantages is engineering soloulatetms, er ame smq roo w tos

the work of G. C. Ilmesef"Y, A. F. TanIeohv (13 and I?.1.TcdAk.Y [2]

With the hIgh surface temperatures and the relatively wall valus. of the

heat "dooim eoeeftoeut ~Iblo ~ocr during flights at bigh altitudue "ndhg

Moeb nimbrs, the beat radlaties plays a significeant role and should wet Ue

In the present paper the son-9taticmsuy tempertworia fil.la the stwstuet,

of an aircraft ame examined taing Late, eoosiderstlea the beat radiatles and a

convenient mothed for posetical ealoulat lons to given.. The pr*Uoa redimees to goe

appmiuato sulution of the heat ornductics eqiatOR

with boundary eamdItims

~. - Q) -C~t ~(2ý

The adiabatic vanl temperature In equation (2) 1* determined tree the

In the eourse of the out~re period of the fligbt this temperature wMl YaU7

men-molosrly with time. Uwreveu', ftrW agma-teady flogt propmes the .. efftsIee

of he"at dealn Itself represents a eeMWOR fumetlom dopending m the a&

umiber, I~e.,, he time, the Iymelde awu', ad m5 fit=

1, US UCL==I or M3 Iii COhZMCTN IQUTICIN 331 V 113 3Ra

s 4w ad"eA set up "ae beat b lase SOiUstas we AVid he tUme or fl~gh
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la1te latezyals Ate "m sthet isa~ alse avd"~G 1W wide 1.t.a "vies It

fimlts ml u pve1eLdGPeP~d IM. meat. pelat. o ab'leb an to be saivilateA6

lot us revie the booman~~gn

t. Datmee" two ealamlatad Points the te"eWature is 1±msrl~y depueebt ft

a ( at coinst (i-i1. 2. 3). (4)

Thumm It my~ be eassued that the acmat at beat pegelag tbhzq& m sq ide st

a parallelopiped 4Iarig Usme Is prepartjsaal to the arithmtle avmp efea the

tomperatuve pradleste at tebegiaftiug ad ad at the Isaveumt at tUse A 2-9

2.The Imaveasas Is the beat 66ateut at a pa0af61,epi9a1 1. pop"rlewdl to

the increase IS tisupatee at the scetter Point at that elsmat,

3. The phymslal eamtn~te at the materlialm asesumed Sadspeadent at the

temperature.

1. Wlthia mSaterwu at time, ATZ. Whe sadlbatle wall .temperatue go, h

hea eteudosan somtflmot GE 9 sa the mftme ti 1sw tor w ie 1agr tlmetIf

at the times,

The Initia lintma to tabm as the amid at a pevems Im laemet of time. Per

simpliaity In the boouig we we develaplag a I Mudmbled heat b""me equation.

Let us emasider the lowe an "ma macese at the strutetre tomahed b ampevesaim

flow.

As a cineg mme~ at Uslast sem Somp the aftbatim vall, tomperat~fl, 00

aseeftioleet at heat sodaa j, me the tempeasteve am Um soaft"s m1a mem

interval AT we inwea 1W femmelmeeI

- :in. + w.(6)

- ~ . (7)

By M~t a Mae 09m:n at beat ""inu ftm tia b=WaaY lower Of frim

FED-TT- 62-1769/14



to the strutere through Pa 1" ? rqr At Is

Q=. =- -~- t ) F. (Sj

Subetitutbi. e.qation (5), (6), and (7) lato (8) after ItegratIMn we obtain

I ,A . I • - .. "

The hat loss by radiation from the external eurfao. lto spe*o dbring AT wil be

substitutIng (7) into (10), after integra mgw gelt

By an appropriate division of the tim of flight, the lattlal temrature t o.'

in eseh interval will elways be stigzfiooutly larger than the dIfferenoe bet's.

the Initial and tInal temperatures ( tO.A - to-A ). Therefore 1% it p1ea*1si

to negleat toms oontalmln ( to,.4.1  tA )a where a) 2 and retain emtIsfawotry

eocuraoy. After doing this equation (11) simplifies and A Qa depends l/seerl. ea

the souht--for to,..q,, 3

Q.% - C -. F (2(.* 4t. u - t.. ,. (12)

It is not difflault to me that the leoger the Intervlse of tUse AT'

the greater the iuaonuray. The problem of evaluatifg the error will be

ezanimed later.

Aecording to the first assptIm, the smos of beat pUsei throgh the

surfeo of am layer Lnto awnoter In a solid during tim A C Is

t- -*• t -X "I2~



For the surface layer we ba.

-F k ' .- "(14)
2 L %A A

The increase Is tbO hbeat sctalnd in the volume being aeleulat"d equals

-- c'."xAF(t, : , k). .13)

On the surface in ocutaot with the upereonle flow the beat bealance equatiom

for the elemnot a xAF becomas

- .Q -. (16)

Substituting (9), (11) and (14) Into (16) and .earieneng*, we obtain

(I +2H,+F - 4k+.. -- F.t.I,, FA.tJ +
(I -2 , (H t ... .-- :t,2( ,t 1). (17)

uboe am.

IA

H, =j B1118

H,=B,,Fu. B,- \ 3 (20)

C -' ,.(21)

Whon the point ealnileted Is loosted wthin a bomosoious solid struotm,

the beat balame equation taboo the following two

dwhe



-IQ' %Q; a .--t- %Q'., (-22)

. .- . - - t(23)

IQ'cxF(t h. - t h) (25)

Substituting (23), (24), and (25) into (22) an rearranging we get b. be•t

balance equation

-- F t,_ . - -- F.)t .- -- ,,t,- .6

The problem reduces to the solution of a system of linea alge lbrao equatiows

comprised of eoqations (17) and (26)s
a l t k, I-- a 12ti. ~ A--+ I

a3.t I. I+ a~t:. . k. 1+ a t41J. k, I - b3  - (27)
. •. . . . . . . . . . . . . . . . . . . . •. . .

a n ( a -_ ) t i_ -, .k -I -+ a n a l l . , .r I I

We write thin system in matrix t (23)

At='ý=h.

In expression (28), the matrix of coeffticients is tri-diagltW

-a.•aO 0 . 0 0
0;aP.3 (C( 29)

A 0 a3~.a,,a 34. . .- 0- (9

_ 0 0 0 0 ... a.._,)a.

tberefore the system is easily seiwede

In the ease of We-iu euaem temperature field., M bavs In Plase ot (1)

the ••lowing beat b•lamo epsles (fgti ue is) 1 •rw te tOeo lego.



2(1 "+"-//.-+-F,-- F•~~.L"av41?)t 0 .. ---2F0 1 e.•, 3-

=• (1 '-'. R -2F -F•- F._ - F•:t •+2,,_.-. od_•7-AA zF -F .
.-c-F,.t-, •- F t4" ,TF, j;. -:-4 •l~,. HWtd.," • (30)

In the case wher. the point ealoilated In located within a bomnogeneus solid,

the beat balance equation my be written In the foru(ftigue 2b)s

-- F,.t..-F~u-3F.,:t,k. - F,. -Fth., -

-2 -- F. - F12 - Fw) t -- F(, (1,, + t.,,)-r FoGt(.1j , .) F4t.---t.4. (3:

It the sam tUme the problm resolvem Into the solution af the systeoma t

line•r algebraio equations (30) and (31). The umber of equations is equal to the

Ember of points calcldate•d

0 -

Figure 1. Sketch of the division of the structure Into parallelpiped elements,
a) for the surface of the structure, b) within the structure.
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The equation* In finite differemoes ocsidered Is ow work hav six point

S7mmet7El•J, orouseqaently, It to possible, Is Seserul, to mole" the Interval of

time AT for equal Inroements A x& to be slg=1fieantly larSgr them i the sethod

of A. P. Taniohevothus the expenditure of tim in oalcattams wi4l be 2i9e.

Calculation of a mnmrioal example shows that the remslt. 1 the present metod

agree we11 with tbe results b7 the method of A.P. Vaniebov (ftIgre 3). In the

example examined the maximum permisi"bleo mgnite doa Ume mse4a,1;4 2.56 esecnds

for the method mentioned, but with use of ear mothod the o reumlt was obtained

by chosing the calculated intoerv of time to be ALT - 45 useends.

2. OMYMIUTIO W R UM

We will determine precisely the error vOh originates f megleeti

toers wItb ( toA,.,) - to.A )" (a* 2) In frmula (n). V rtsetorusm • m

retained tb'sn the heat balanoe equation for the surfame.lyiqer beomeet

-- 2(H1 " k-:- H .) -- F-(t,,. ) , - (t _ '.,_) -

2. . . .C (32)

We assume that
to. ,- t, nt. (33)

After substittuting (33) 1.t. (32) and rearrangin as ebMIaS

4 ,3 ,)' 1
.n .-n -2.--L -_(I_-- 4R._2H.+F) a=-

5 & 2.R

1 (HI " .

+ t .. (34)
2RO. a1.

rf the blier ocder team are inleeted, we obtafn tOe d~If"d eOqOMm

(I + Q + F) n'-. 2H, (Ht.,I + ff.t,) -

--(H,+ H-2-, + Vo) Oxtt.-•t.. &- (35)

The error is the feTremee etemet the eautleas vt eqnatlees (34) 419(008)u

8



I - to. ,.I - to. k, I (i - n') I0 h. (.)

3- CALCUAISD EXAMSI

After 90 moond the alirraft ameeleretes from I "2 to 5 at an altittuf

of 15,000. The oealulationml model of the cioss-soetLem at the wing le shown

In fIg1o 3. The abeathing, flangep and wll air steel, In 7900 kgrn,%

= 39 koal/hr.a, and C- 0.11 koalO/k%.

The variatlon of the beat . oi.I. coeffielent with tib. Is shown la figure 2.
kcalm hr*C--/•i

* I

0 50 4)0 •.9 +0 '

Figure 2. Variation of the heat emission coefficient with
time of flight.

The graphs of the tesperature dlstillbtions in the cross soetion at varlous

instants of flight are shown in figre 3.

.By the Vanlchev method

Fiur 3. Teprtr ditibto intecossc ion
S- % --

Figur 3. empeatur disribuio inteerI-eel



The variation in tosperetue on the surface during the *our*e of the flight

Is shoM in figure 4.

In flguroe 3 A 4, the daubed lines correspond to calculations with a sore

value for the degree of blackness, 4E = 0.

In f•gmv 5 the also oa the errors corresponding to various values ot

the inorement of time &r are given. From paragraph 2, Mtise eviAet that the

errors ur. oonneoted with the initial temperature distribution. If we use I'r 0

for the initial time (i.e. at the beginning of the aooeleration ) then we obtain

the solid curve, but if I = 90 noeads Is uned the dashed curve results.

510 too :So ew -sec

Figure 4. Variation of surface temperature with time of flight.

10



When accounting for the beat reAdiatol Is the detorwinetlem of te amw

statlmaxy temperature fields of the stuoturs during nonm-et.progren of

flight the proposed method is convenient for enoneeriag weaulations

The caloulated intervals of time way be chosen to be significantly geator

than In the method of A.?P Vaoylebe.

I F

ment I - I
- - - -. _ . . - - ,

I ;it 1 € I ' 1

t ' i 0"•. . . ..
30.. . 'v - -" -- 60 ! ; •

Figure 5. The error corresponding to various values of the incre-
ment of time • 1"

Nethed of A.?. Vaeolebe soooatngn~ far meS~tiatom

The heat b1lemee equation tow •ome.o.dimeeoma teqmerture fIl is, e the•

suz'auo layers



IUh.(1 -•x$-T-•-" '* t" - ______

In order to determine t j we use saceasieo appraciaatlemU. Irdtlully

we rind tjrom equetioa (a), thi denoted by to) 4 ., . Then we reac tq

in the radiLation term in formAla (a) by the average, temperature

we obtain tO.A-v tl QIas the seoocd approxImatlon of the temperatue.
Analogpouly, me coutnuge caleulaticos untIl

C'., .,__ l

The im permissible also of the Interval of tim Is determined •y

the formiagu

o0.5

+
SAxC2 (C6t

1z
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1IJL.IBRIUM XQIATIONS FM STATIC EIDDING AND M TZVATIOU

OF XMMGWLRLT SAPED CANTUZVIR PLANS

$.I. Slvehiko'v

wthods for calculating bending in cantilever plates have bees developed

rather recently, mainly in connection with the problem of the deformation ot

short wings. 4olutions of the known bibarmonle bonding equation for rectangalar

cantilever plates of constant thickness and oertain simple stresses have been

obtained by the grid metbod and by the superposition method [5,9,12J .

Calculatioas show that the integration of the biharmonic equation with sized

boundary condtioman it attended by Inordinate mathematical diffieulties

Significant progress ham been made thanks to the use of variational princples

which permit the creatioa of sufficiently effective a Inatioe theories frc

calculations of cantilever plates [2, a) and permit obtaining n merieal rsulte

by direat methods.

For the goal of studying the motion of a plate under statie and 4pom1e

stresses, it appears the use of the Lagrange variational equation is most effective.

The representation of deflectioen in the crose-osetioas of the plate parallel

to the attacbed side by the am of a power series leads to a oao-dimenaioml

functiom. Variation of the latter gives a systen of ordinary differential

equations and boundary conditions wblih approxizately describe the boending o the

plate. For a series of oases of practical Importance the possibilities of the

system limiting te low order and of obatining solutions for cantilever plates

vith various planar contours was shownf= , 6 7], However, this method is less

suitable for oealulatlons on cantilever plates at irregular hape, i.e. " whe

the froe and fastened sides are not parallel to om nmother.

In the present artcle the method described geasrallms m the eas of the

bending at cantlnever plates with strai• t sides aritr5iy plaeed with

respect to e* another. The equilibrinm equatime et a cantslever plate with

static bending and free vibratiem is derived by the Variational method. It 1S

1 4



ausmmed that the plate Is homogeneous and isotropie and that its defmotmu

foleoes look's la.w It is also asmad that the tboe7 St bonding fO' thin

rigid plates ina omret hypothesis.

1. TRAUSORIATIO O TUB RUNZT R IATION

We are ooesidering a totiagonal plate of variable thiknesse rigidly fastened

em one oide. We refer to the plate ty a rectangular sstem of GoordMatesp v

1 , ( fig. 1). We set the origin of the oodinateui to efixed ide, the

plane • , ?ooeforomng with the center plane of the plate.

yI

C)
Figure 1.

We use the non-essential oondition that the sbape of the plate (re"gim )
is defined by straight lime. The equations for the loegtudinal boundar

lines are C anm 4 N ? and for the tramwerse

mbere 1 Is the length of th plate along tbe"XLi..

Let us investigate the equilibrium equation and bomdary Co€•itlons for

trnve ben"dig of the plate using the Lagragel varlatlel eqnatisms

zzz--z (9 ,A).(2)



As to well kno"ftj•, the potential emDr of dWforatioa of the plate Is

.9ýf +-- 2uw --v. -2•=: + 2 (1 - )zc•j d' dy,, (3)

where . * is the denfetion I. the directiont or the. aie, &P. -f ,,-t

D(4 ti the local cylinhdricl rigidity,

12 (1 -- :)

b(~~i lthe local thioknesm,'

"ZAA a"e the no.-wal modulus of elasticit7 and tranerse oefoioneAt c

deformation#

the integration extends ever the whole region A . The work of the eztelanl

stationar7 fore is

where p(* , I) i. the tranverse loading per unit aresa

Aligning a now system of coordinates x, y, s so that in this system the

regiont J has the shape of a trapezoid( region Q i figure lb) attached tby

its beas of length b. Obviously the transfomatiom of coordinates u7 be

expre ad

b I

Y gr .' -- (5)

I h7'

h

whereupon it follews from reitome(l) OWd (5) thut withbl the limits of the

0I<y < 1,
I I I

22
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ubw z w mm(y ad xw bafy) a" O te.qmattow of the line #ao@ij) mg

4*@(~ ~)In the am vy"tM of emwdlostaem

go perform the substitatias of variables by fermia (5) Ia the =pv @slawm

for the patesatl .mwgr (3) and the mat doe by the extrmei tom.., (Q) *it

we Imtzedo the moutatm

eM loagtiem per vmdt lemgt%

atowe peramstar oiamtcursirzg the speelu of the

opposite oidd** (y -O0aud y1),

V' 
(6)

and consider that the J...W..s or te trasiatboztletisa1

them floL~y we obtam

I b. Lv

2 O Y)+ISi~~ , , 4(w2 4~ (1~ +) u~s',";w.

-4US;.
3 (,+ .w,) w~ + ;,W,-dx. dy, (7)

I b.Cy

A ýbIJ J fp;(x, y) w-Ldxdy.()
S b.($

we lopremat the detigeUm femtla a

N
W-r,+X)1 + SxwY., (9)

17



where Tm (y) Is a- unknown nction satisfying the eomuItims of tUm

rigid fastening at ym Op

(Primes here and later denote dffer tatiaton % y)

The tunctiom Yo ezprssees the tranverse deleetim a mods 7 , the

funetioo T, represents the distribution of the elastle defleetem angles of

the section y - conast relative to the y-ezis, tbo remaInIng tems of the -

haraeterizse %he deformetioe of the shape of the tranvere• seetens ymesuet

After uubatitut1!W the aum (9) into equations (7) mst (6). we ebta the

following mpressiom for the total potential enorgy fknt 7fs 3 -A 3

! N N

-n (i d.. I )n-)~Ia.... YI y br\P d. .(1
( -

-, r- )

-- 4,,,, - ) -(• .... :.Y ; -'n/,. . . • . -

p~....=y). ) _ a )-" ... ... (13)

41n (m -) '

-8

P._-br (x~y) a,: (r , 1.o 4 .... (13"0)



2. GE3AL RQUATIOU

IMe .oMdltlo fog MInimisatiea (2) for the tunetion (31) require. funstiome

Tqto estief the equatim

01,~ dy 0

(M=O. N),

rrom v~eb after Integration by part., taking into account the boundavy

condItion. (10)v we obtain the system of ordinary linear differential equation.:

N

+ in (in - 1) (u2+&i'. .

- - (' 2),u rs '~4
1  .~\,J".J

-+(mn- a) M i / ,, +s Onn,, Y-tiz(i- .1)J
-4- in (in -- 1) J, Y (-~n(,1(uT);-,,. i*

-20.'In(n - )~. '-rnil, ( )fz , jY 1~
ninn (in -I) (n - j ,,,)ýI'lPý (n= 0... NV) (14)

and the naternl boundary conditions an the frei side of the plate ymami

~~~{(I~;J, -m-n,)J, Y..,, ,"Juii~ +

-- m us 1 (it+~&I. V. -,Y.~, ~ (5

m-0J



The order of the system (U.) and the number of Imun" wadItIons (10)s (15).

and (16) a. equal to 4(&-_ ).

In the general case equation (14) has varlable ooeffteuonts u mnd

j. ( se (6) and (12)). If to= o0 and the conditiom imposed that

J: D(x.,xdxO. (17)

then the system divides Into two independent system deearIbIn the nmtualy

independent symmetric and antisy netrio (relative to the yoea.) movements ot

the pLate.

As N--* " the exact solution of the system Is also the exact molutiti of the

bibarmuoie equation for the deflection of the plate. Ia the camat a finite

number N, the exact solution of the system of equations (]A)-(16) only

apprezimately describes the deflections of the plate. To partloulal., the

boundary conditions on the longitudinal edges of the plate ae meat stisfied.

If the solution of 1,10) is found, then the oompomLaU of the stress U .

Mit ,, and the principal stresses a-, andg to~ the meztace or the plate we

determined by the well-kowa formulast

6ME 6il, GM,

where 3•, St are the bending moments and ,•si the toelowd moment.

S (in -- 1 --'Y,- 2u).(nx"-Is- I.'s "- +

"- ~~+ (1 +.iw.x')s-- ='Y.J
Mv ,; D (w.." ' ¢v.

DD
I m --i( -'s-' +x-s 2 ) Y_-

A(19)
N

a0

20



If the unstressed plate makes tre vibrations with ampitate Wg then

the action of the Inertial force Is equivalent to the actio, of a tranverus

stress lntensity of (o/hu4 where is the density of the material of the platee

sad W is the angular treuency of oscfllatieo. The oorrespomding work at the

inertial fares lot

A _ff = w.hwd~d; ---- 1.,. j rhw l---dxdy.
• .5

Vf the szpanalon (9) Is considered, then after Integratiom by z

A.b )Q .Y,,:dy. (20)

where

b, (v)

Replacing the work A by AW in the expression for the total potential enera (11),

from oondition (2) we obtain in place of the NfnctionsA is the first parts

of equation (1U) the funatiomas

=U,-p Vf, Y, (ni -=, .N). (21)

Since the latter depend on the unknown functions Y,", thou the system of

differential equations obtained will be bomoeneous. It is satisfied at specific

values of the perameter W which, like the functions TM# depends on the

locat"S.

3. S PL'TlMDM RQ5&TIMO

Lot us assume that the deflection of the plate may be approximted with

sufficient accuracy by two terms of the zpeansion (9). This asuB ti-

implies that the deformatlea of the oenten of the Nation Ye aonut Is

maeglIib s mi11 eampWiSM wit the A .ect" n T*o amW the dielesatem
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during turning 328 . SIMe* an analgous supposition In made In the basis tboor7

of rod deflection, It Is always possible to select mobh a suffiedently

o1.ngtby plate that the desulbod asowtp~e Is justirlable,

We suppose alse that Usa thMakess of the plate , hbwfb.-NbAL where

is t a charocteriutiw value of thilokssa, hvzh 1 (y), Yaba(z) -diseasioolese

functions, and the y-azis Is wesioted In each a manner that

Assuing~ f CA 0.

Assuingtha N~ Iseqnsteams (U)-(16) and integrating the system (24)
taking itoe account the boum7w candItions (16) for the eae -at statie bending,

is obtain the suplftied systaw at dittez'.ntlal equations a

J'' *y (. V),..Y' 2 (12-'i)i.J~J

LTY' (J..j r -

2 (1 - ')uiu,~. . s-7 * 4, ~

and the bOAU7dw eendi1tkION

Y.(0)= Y;(0) 0.

1(1-'U2)J. 0 yj-2Ui('~.~Y.:÷ +J 2 0 Y;)J. 1 =.O (23)

22



If we oaslalete Me components of the vmetors abiab are normal to the

lo@itudinl aides b, (Y) and b4 (y) for #=I b formula (18) and (19) them it

turns out that they differ from zero shen sob soi•oments on the ft" aidfe

naturally, should be aboset. This I a reumlt of the ba•ic asaupfti at the

simplified tbhory whiob Ignores the boundary conditiou on the loagtaudtsl

sides.

By putting ,4 = U equastimns (22) and (23) we obtain the relatiome

whioh were obtained In reference [8]. in the particular casmes when k -0.
uwO, and O. From equations (22)-(23) for the plate with rigid tranvers

eras-seotioms (I= 1), we find the beading equations

..U '= .) p,,dv,

Y',f, to) -= Y", 0) Y"),, . = 0

and the equation of limited twistinf

.:Y)'" 2(1 -)J.Y; - fp.dy -25)

wber Y1 (0O) -= Y()-O,

J' '12(0I-:'93 ) db L.v)

S12(1 0~ )and . b, LV)

-' : 12(10- :.') J h'x:..x

with aours•oy up to the onestant factor 7-nf&om respectively to as

moment of inertia of the orose-seotiom relative to the x-doi and the

soctorl moment of inertia f the sectlen at plate. ?be predwet is
10, WY

SP,* Lv)

where Cis the ofula oof leatioitt et the UseeSd typ, I is th SDONtds

rigidity of the trmwvan eres-eoem is twIsto

The sepauation of the systems (22) and (23) Sate two inSO l

25



Independent gcupe of equations (24)-(25) mthomtetally Loldeates the oigia

of the axis ct wlgl.y ooInlies with the Y-ed§. In this ease o0adtlem (11)

gives the loastics of the center of rigity a the shape.

Applying the simp1ifled thoey at plate* (N3l) in the problem of free vibration

gives a wystem of bososgneous Integral equations describing the be•di-gAtrsiaml

vibrations. These equations may be obtained from equations (22) and (23) br

replacln p. and p, by em and a

From formala (21) we rind

and

In the ases ihbe x u = JsO and the shape of the tramoeras oeosa-seatilm

of the plate has two aes of my•mtry, the beading •nd torsimnal vibrations ae

mutually Independent, and the system of equations breaks down Into the

equatins fwr bending vibrations

(j,). o UT 6 f fY'.'V oU

Y.(o)== Yr(o)= Y()=o.

and for torsional oweillatlas tskol account a the limited torsolnal

(J.. 2Y,)-- (1 - Y;(o= Y. d,. 0.

As m be men rom emxu•tUm of the pwral equatsms, t he aen qito
eenplex. In the genral ease tey emitala variable ooftieletso mands o.

Whom Iss e do nt s it to ezact iategztm. "Mr auutm wm be ft.d 1w

inriea motboa, the poesibitlites of •* i ionrease woth the use of trh1 eepaei '

FfI'-Tr-62-1769/1+2 24



coeputerm. B7 cOmpaison with the m-riasl solution of the we1-kiome oquation

of bendlag in partial derivative frm, the uslutiomm given b the expanode (9)

is preferable. It is more eas817 subJected to analysis slme it elearly

inoludes tbo "1ar' deformations To and T.

In a series of eases of practieal importance for the oalculation at itatis

displaomeants and also the froquencios and form of the free vIbrations the

simplified equations (is"l) mey be used.

For calculations on simply shaped eantIlevir plates, for example, oalculations

an plates with constant thicknoss having the shape of parellelograns the

simplifled equations integrate exactly.

2b
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