I IR ER e

p——n

'. T s =%
N
T

‘WRIGHT-PATTERSON A € BASE<DAYTON.OHIO ' )

=

-,
ig
% 4
1
) ..
Ly ;
i
g
“
ah
1
i -
: :
. Y :
%3 p

s

.

RIS Tt At

i ISABSOLVED .

| ANY- LITIGATION WHICH MAY ENSUE FROM ANY

R
DREIGN PATENT RIGHTS

INFRINGEMENT ON DOMESTIC OR F

E INVOLVED. S . |

IRt — e e

T ———
v TiAn 1 g

e B ey R G < A e e gy S T

- T
w4 safid LRI = N g W




mmmw
R I 7_‘ .w—-‘_ M‘ - P . - ’ -’ - ‘_4"’-:)_ - B E
i i e N Py i B e e T S T . . B
: ) : e N e . '
"’ e Ll 1D — __ﬁ‘;?’} .
: ’ '3],-
e

t
). ) - y .
4 - . :
B = J
o . | E
e TR T" SRy 56 e e e e 0 o oo= . . . g o - o R R A i
. ? - . ’ .

b - 76 888
Finite Difference Equations for the Analysis of "‘h*).n Rectmgular Platés With - S
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JE‘inxte difference and dziferential nqaations are develaped for the analysis of thin rectangular plates with |
one edge fixed and three edges. free, as 2 preliminary study of the structural characteristics of thin

swept wings and fins. Empnasls is placed on the finite difference eguations, dand expressions are presented
ior the, d@termmatmn o; deﬂeoﬂons shears, moments, and reacticns for a rect.angu‘*ax plate wath various

a square gﬂm.e fured ﬂong one edge 311\.1 carrymg a load '1t the center of the other edge was evaluated..

“Phese quantities are compared w:th experxmenial results. Good agreement iS obtained between theoretical
and -experimenial resalts,
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Copies of this repdort ohtainable from CADO,

Plozu.b = Gtresses

Steuctures (7) Equations, Differential

Theory and Analysis (2) ’ T . Wings, Swept < Stress anslysis
S [AWTOGUNENTS DVISION, T-2 |
i - - -'_ AMC, WRIGHY FRLDT - o

MACROFILM, Mo.

) _ié_é.@m Fo

. ‘__‘W."
== -
i
4 3 "
)
ek
B l:l l’"
g
ah .
o
ok - =
(] )
. o~ .
L (P 5 - ,
EEA 8t et i~ ——h, 3
w .. . @%@:— ’
. " e
e 1 o en vmper B
~ . .. T, VTV 0 T MR 5 gy v e o s 9y S e

e R AT " T e A T T T ST "
PR, TN T LN,




DEFCN‘”"" RESEARCH L,AQORATCRY
N TH:. umvr—:nsn ¥ GEHEXAS
' & cww. ZZ . | @100
b | ' T L RL-175 - \
ol ERNE e
Lot . 7 bugst 6, 1948 :
| .
& 1 ’
i Fintte Difference qu.z?a.tions\_fci the. A'nalyé:’cs- of Thin 'B_ecfpahgm-
< a i e T
7 Plates wi‘bh Com'bi_na:bigns of Fixed. a.nd Froe Edges.
g ‘ ' ’ S5 - - ’by ) T . ) 8 -
;:‘:‘yg(_: .,. . .t - - - - ) " B ]
:'”"“J ~ : : ) i M. V° Ba;-'!'ﬁon B *
o -
S \ Y
; Bt
T e g : = mee—— - S e

- A— . e oG, 0 6 ..
B BRI G TS S L e SR SN S o S o T TP ey e P T
T S B

IR




s

3 % Tk
ATE T e

<3y

DEFENSE RESEARCH LABORATORY
THE UNIVERSITY OF TEXAS

-M¥Bifs ' . , CF-1005
DRL-175
UTXRAA-F

-August 6, 19148

Fini‘te Differenc,e Equations £or _the Analysis of Thin Rect&%\ﬂ.a.r
B Pls.tet_s_ W'j.th Comb:l mtio‘nﬁ’ bf 7‘4.265. and. F.cee Edges. o

e by

" M. V Baxrton

.:Abs’.‘ti'ac:t.

As a prelimimry gtudy of the gtrustursel characteristics
_of thin swept wings snd fine, the equs.tions for the analysis of
thin rectangular pletes with one edge fixed are developed in
difforential and finite différemce form. FEuwphasis is placed on
the finite difference eguations and expressions are givem for the
determination of deflections, shears; moments, and reactions for
s rectanzuwlar plate with varlous combimatlons of fixed and free--
edge conditions and transverse loadimga. h

A mmerical evaluation is wade of the deflectlons and
stresses for a squsre plate fixed alopg one edge and carrylng
a load at the center of the other edge. These quantltiss are
compared with experimental results. Reéasonable corxrelaticns
(within about 5 percent) between theoretical and experimental

- results are o‘bta.i_negl.

Introd.ur tion

) _ The present work 18 the begimning of a more comprehensive project to

determine the elastic and dynawmlc properiles of skew plates which are similar
to the s¥eptback fifhs nsed on supersonic guided missiles. The information
to be obtamined wltimately is expected to consist of elastic characterligtics,
such as the defiections, stress distribubtions, elestlc axis positions and so
forth for thin plates of low agpect ratio, wi tL one édge clamped and throe

_edges free, for various load counditioms, a8 woll as dynmiic charactéristics
such.-as modes of vibratioms, matural frequencies , and so forth. Ana.l,rbica.l
and experimental procedures are to be iised.  Such information should be of
considerable value in faciliteting the structural deslgn of wings and fins
and in providing much. noeded information on the gtructural phase of aero-

" elastic problems.

In order to "prove in" methods and techniques, the relatively simpie
problem of the rectangular plate is first studied. This report consists of
an account of the plate equations for the static structural amalysis *°
roctangular thin plates with ome ¢ 4o I'ixed and three edges frese, in terms of
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Tn addition, &

mmerical eveluation is presented £for the defléctions of a square rectangtﬂ@r

cantilever plate with e concentrated load applied ot the cenitér of the out-
Aralytical results are compa.red witn tsst va.luee, )

It i8 expected that later reports will deal with the more comple'be
golutions of rectangular plates with a ¥ariety of loading and will discuss
the relative wmerits of methods of amalysis such as the relaxetion procedure
end the solution of slmulitensous equations; along with the effect of network
size on. the accuracy of solutions of the Tipite difference equations and the
effect of Roisson's ratio. FExperimental résults will also be indicated. 4

gimtlar procedure will be. followed in presenting the results of skew plate &nalyses.

Many Iinvestigetors have solved a great 'é'ar'iety of plate problems.

by which is meant an ana.ly'bical solution to the
governing differential equations, bave been largely confined to réctangular

or circular piaves with the boundary edges fixed, simply supported, or a
combination of fixed, free and simply supported. Anm ezample of this type of
solution is that of the "rectangular plate with two opposite edges simply
supported, the thir% ?dge free and the fourth edge built in or simply supported”
given by Timoahenko on page 215 of "Theory of Plates and Shells". The
problems of the skew plate oxr the rectangular plate with more complicated

bowndary ¢onditions bave rTecdlved velaivively. (s e

the gréeat coviplexity of obtaiaing an "exact" solution or the tremendous labor
involved in obtalning approximate numericel solutions by msans ¢of finlte
difference equations or other wethods. CSome work, however s has been dons on
thege problems by means of finite difference equatioma., For example, Jensen( )
solves a nmamber of skew plate problems for a variety of lateral loads with two
opposite edges 8 m;?ly supported and the othor two edges free or elastically
supported. has solved the problem of & cantilever rectangular plate
for which the fixed edge iz four times the cantilever length and which ca¥ries
a concentrated load at the center of the outboard edgs.

o B B L L

Difforential Fquations

The equations of equilibrium of an element cof thin plate in terms of
rectangular coordinates ere well known (see reference 1) and will only be cited
hore. Thé directioms -corresponding to positive qua.ntities are shown in
FPigure 1.
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| whsre 7 p= intensity of d.istributed load (psi)
S - '12(.L-p ) ' :
' E = modulus of elasticity (psi)
! B o= ’f@iesoh's ratio
1 : ,
L - = . h= plate thickmess (in)
} R w = deflection of plate in Z direction (in)
. Moments 5 shears ;, and resctlon are for a upit lemgth of edge.
7 _ ) The equatioms are limited by the following asswmpbions.
! 1, The thickmess of the plate i swall in comparison with its other
dimensions. ,
| - N
2. Deformations are small so that the curvature is approximated by
K- - N 5 . .
E - the second derivative of the deflection with respuct to coordinates
' in the plans of the plate.
3. Stmewning of the middle surface of the plate is mot comsidered.
. Th3 last asswuption hasg a.g a coronm'y the fact that the deflaction is
I - .k smell compared with the thickmess of the plate for cervain boumdary conditicus.
I 1 If this assumption is pot mede, then the so-called large deflection theory
b N ¢ miwst be used which takes into account the effect of the memwbrane forces in which
Iy o 1 cage the relation botween load and deflection is not linear. Forfunately, our
: experiments show that for the boundary conditions used correspording to the
cantilever plate; the lcad apd deflections are essentizlly linsar up %0 &

deflection of at. least 20 times the plate thickness. Hence, ths use of the

1 lincar theory seems justified in this particulayr problem.

- b

rmm Difference Equations 1

. For the square network shown in Figure 2, the a.gproximate values of the

deriva-bives in terms of finlte diffeorences of the values of the deflections at K
1
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vhere o A = Spacing of square petwork (in)
The éguations for load, moment, shear end reaction in terms of finite
~differences thus becsme
- load: 20w, = 8(w, + W # W, W, )+ 2w w4 ¥L VL)
. DA
W F W b W o+ W = =
Mements: M), = ~ =5 [-'-(faaﬂep')wo #W, ¥ W+ ulw, + wg ):l
_ D . 1
(My)o S \_—(24-23})1;,, + W, 4 W+ plw, + v >J
D(- )
(MJW)° = "k (Woe =Wy =W, + ¥y, )
Shears: Q), = {h (Wy = Wp ) % Wy + Vg = Wy, = Wou ¢ Vud Vé‘a]
! _ (@), = = g [hl, = we )+ Wog + Wy = Wiy = Wae = W+ Vg |
‘ : -3 5 ‘ D Iy ’
' Edge forces: (Ry) = - = L(6-62:x) (w=we 14{2-p) (v, +Wg, °VN~M"sz)waw*?Ws{}'
i - >
(Ry)o = - 53’ B(S—Ep)(v W J4(2-p) (W, 4., anw-'-wNE)anN-wgs]
'Id;:f . D 1“ \
,P‘;'-, _ S} Cornex force: (R) = i‘g‘&’* (W Wug W, #Ww ) A
Boundary Conxlit:!.cns
: ‘I"ue cond. itions a.t the edge of tus pla"‘ to “be considered here correspond .,
3 to a fixed edge and a free edge along which the moment is zerc although it way ’353;
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carry a dlstributed applied force or & concentrated force ai the oorner.
; ‘These conditions are- specified forma...ly asg follows. "
; _
I” 1. I‘lxed Edge
: Deflection zeros w=0 0
R atx =0 (4) |
Slope zero: ‘:’-E =0
- . ax )
) £ |
2. Free edge (y = const) :
Moment zero: My=0=-—l{+p?—- :
at y = constant b |
2% ., 2 Xy
Bdge forces: R_ = =D ( 2 (2ep) ———— 5 %
y =P Re (5
|
1,
3. PFree corney .
S Mbmén% zero: M =M = 0; gﬁg-_ 32” Y -' i?
, T R0 s E et e
3 : , Edge force: R_= «D [ “—e 3 (2-p) L 4
+ - o PE G T 3 B
1 - . _ | &t corner (6) ga
3 | . o T 3 \ | i 3
% Ry = =D 1 + (2-p) 22X
. -553 R

Corheyr force:
R = 2D (lep) —-
Bx\y

In terms of the finite difference equation, the boundary conditions way
be expressed as

B 1. Tixed edge _ ~ ) B
W, = 0 i
We - W, = Y (7) ;’)
|
L T SRR R, ’
A
Pucin Pr o0
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2. TFree edge (y = const.)
] : : e v, +w o +w, en{w, +w¥, )=0 )
1% S S S R et e e —— e __.\..2?’3(.?. )a - NNE L
(6-2u) (v, -w, Je(2-p) (v vy ~w ) ewy o W = - "““5‘1"'
%. Free corner
Vi, ~2W, +v, =0
e - 2v, + Wy =0
o\J
(6-20) (1, ) +(21) (3 gz Sy 3 ) o i = = )
0
{4 \ 2>"3(Rv)o : }
(6-2ud(w, wode(2-p) vy 4y, v We) Wy 4V = - 5 (9) I
. 222R}, 1
Weae = W - W + W 2 em——il 3
‘ sg NE SW Nw D(l"p) o
i Since w, in each boundary condition is for & point on the edge of the
i3 Plate, it is apparent that some of the deflections indicated are fictitious, emes
! lying outside the plate. Take for exsmple the conditioms for a fros edge &long
& line y = constant. From Figure 3 it is noticesble thkat there are deflections
at four points off of the plate from the condition for the edge force. ;
1
3 hard
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The deflectlions are w.s. Wy, Wy, #nd Wwge . These deflections can be evaluated
in terms of the deflections on the plate so that the conditions for a free edgs
can be determined in terms of deflectioms at points on the plate. Since four
quantities are to be eliminated, five conditions are speci:f‘ied elong the free
el edges.. They &re. _ _ . ... . i U
load: 20w, - 8(w,+ W + W+ W) + 2(W,, + wu;+ Wee + Wy )
W, b W b Ve 4 W, = TOM
L
, . 2)\.3 R
edge force: (6'2P)(W,‘ W)+ (2-p) (W g =Wy, W ) W AW = - ._....___y_._.(P o
D
moment at: -(2+2u)w, 4w, + ¥, +u{w, 4w, ) =0
o: -
‘ moment at  -(242u)w,, + W, + Ws, + (W, + W) = 0
‘ w:
} ' momsnt &t ~(242p)w, + W 4+ v+ p(v . +w,) =0
| E: N
‘ 1
1
1 ’ ' Eliminating wg., Wsw., Weg, Wg from these eguations gives -
|- -
I {16-8p-612)w, + (-lo#hp)w, + (—8+’4_.u+’4u2-)(nww W )
g +{h-2u)lw, . #w,,, )+(1- ) ) l30" A7
‘,, \ M ne N/ B (w\\u‘ﬁ’rs‘. "3'2“ D ¥ D (Ry)o
I For an edge with no loading, Po=(Ry)o = 0.
R o The equation for the edge condition mey be schemetizally represented as
IR indicated in Figure 4.
| ﬂ-: -
15} 2
i3
11 .
;1 : ,"' 5 =z ;3"* A>\$(
I(Jz‘% {d_- G_‘_‘:’_U\—&) --rj- *’%\23)0
1N \_
g — S T o o
1 2 7 : 2) e
v R e e S T B L le-8m-Gu |- ,_ R +4u ,-' RGNy
TS -
E
= R §
Ejs .
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Other conditions have heen determined in a similsr manner and the

results are tabulated. Table I gives the relations between the deflections
. and loads for various points on the plate., Tables II and III schematically
indicate the same information for the special case in which =0 and p=0.3
respectively.

s By means of the relations in Table I, a set of simultaneous equations
can be determined representing the relationship between loads and deflections
for & rectangular plate with various boundary conditions. These equations are
then solved to detexrmine the deflections for specified loao.ings Ap -applicaticen
to a specific problem is given in & later section.

Moments, Sheaxrs and Reactlons

After the simvltaneous equations heve been solved for the deflectiomns,
the moments, shears and reactioms if any, can be determimed at each point
by weans of equations (3) providing the deflections specified in the equations
are on the plate. In the case that the moment, shear, or rsaction expression
is in terms of deflectlons off of the plate, t.hsn the expressions must be
modified by the application of the boundery comditions so that ths points
external to the plets are eliminated. This procedure is similar to that used
before so that only the results will be indicated. Table IV gives the
expressions for moments, shears and reactions for points on or near various

edges.
s Principal Moments and Maximum Stress ‘l
In order to determine the maximum stress at a point, the maximm value

5 of the woment should be lmown. The meximum and minimm values of the woments

N at a point are called the principal mouents and they can be dstermimsd dy

. combining the bending moments and twisting woments in the arbitrarily chosen

e x and y directions according to the following relation.

- :

X max: Ml 5 B

» = 3(M M) T /B(r M) | o+ M2 (1)

{ min: My Yy ¥ 4"%] My

; The angle between the mouent in the x Jdirection and the maximm principal moment
" s;} is glven by
s tam 20 = om (12)

% L&_}% N ’
KR 3

. .? %
1 *
4 i
By i
E

Yy
f
]
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‘fhe value of the maximum normal stress corresponding to the maximum
principal woment is - )
s .o

whexe the siress is at the fiber in the surface of the plate.

Anelysis of & Square Cantilevered Plﬁié?A(paOI

Conslder a square plate.with slde length L fixed on one side and
supporting a transverse load P al the center of the outboard side as shown In
Figure §. Since the plate is syumetrical about a longitudinal axis through

—— %

the load, the conditions for only helf of the plate meed be considered. Thus
the deflection at point 2' is egqual to the deflection at point 2 and so forth.
" A square network is imposed on the half plate so that there are 12 nmodes or
grid points 1o be considered in addition to those along the fixed edge for
which the defliections are zero.

By means of the equations of Table I or the patterns of Table 1I, the
conditions rslating the lceds exndi deflections for u=0 at sach polint are specified.
It should be noted that since there 1s no applied normal plste pressure, P, is
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Zero at all points. Similarly along the “froe odges of the plate there is mo
applied force except at point 12 vwhere & distri’bu‘bed force of mgnitude

2 18 assumed to act. In this mewmer the a.pplie:d. concentrated force is. approzr““

%y a. force distributed over ons grid gpacing 7\.,

The following 12 sim:.l’caneom equations result from the applicat’ ‘onis 6)’? '
the relatioms .given in Téble II.

point

Y 1wy - 12wy 2ug - By 4 by 4 W, = 0

3 -691+21w~8'w3+2w}4-8w.+2w 4+ %, =0

SV + B + Vg

2
3 e, - 161:2 s 233.5, 4 hw5 - ~8w6 + Vg = 0 )
Y By e v, + 16w, - 12v5 & 2vg - 8w7 + lvg 4wy = 0 ) ':,
5) awl-asw2+gv§-6wh§20w§-8w6+2wz-8w8+2w9+wllao A
¢ - b, --8W3~+--2w,~- -16vs "‘*‘20""’6?*4"’8" ""8‘“5*"‘{@‘3 0 o T ‘*
'_1). Wy - 8‘«1‘ ES lﬁés * 15@'7 - 1“2%-.8 % 2%;9 - 6vrm & lswll = 0 - \
§ w, + 2w - 8w5 * g - G, + 19wy - 8w9 + 20y - 60+ 20, =0 y
9 Wy lag - Bug 4 2w, - 26wy + dowy + By - 6, 5
19 2w, - 12w, + 8ug + 12wyg - 12w, - 2wy, = O A <
W 2w + by - 12ug 4 hwg - Gy + 26wy - Buyy = 0 “
12 2ue 4 Bug - 12%;9...@; 2wy = 16w,y & 16w, ?.%_i - g ,
' D N
The eolution to these equations give S T

(S

ook
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- W, = 0.03002 1_’%?. Vo = 9?2-12-50 ?—%E
oMz wpeoaws
w5 = 0.03201 Vg = 0.22405
W), = 0.10611 : Vig= 0.3733
Wy = '6710978_ - wll; 0.34770
' W6_=,O.11183 | V) o= o,g%éo

These deflectlons have been substituted into the moment equations

" glven in Table IV. The maximm moment and stress at each point has tsen doter-
mined by means of equetions (11) and (12). The maximm stresses in the top
surface of the plete are thus found to be

&7y = b.ohkk %2 0_“7 = 1.2649 i_é. T, = 5.7637 .}%;_

T, = b.4ghg Gg = 1.4k29 Ty = 6,035k

T3 = k.5307 Gg = 1.4518 G, = 6.1659

Ty = 2.6458 G‘lo = 0

T5 = 2.9512 Gy = 0.4328 1'

Gg = 3:0023 G = 1.8516 ‘

The positive sign of these quantities denmotss tension.
The values of the deflections and stresses have beem carried out to

more significant figures than the deta warraitty. Thls was dome for comparison
of results betweon different wethods of colutiom.

Comparison betweon Analytical and Test Rosults

In order to have a check on analytical methods, a simple plate test
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set-up was wade f'onaiating of a rigid clamp to hold the plate along oms adge
ard & dovice for applying a static lead at any point along the opposite edgs.
Doflectlons were meagured by meens of smAwmez dial gege supported from a

" Tigid refererice. table., Tho stinins were determimed at four points by wans
of SR=4 siectric roeetvte gages fagtomed t6 tlie gurfacs of tha plate.

T e e~

The specimen used wes a 24ST sluminum plate one foot square and O, 127
; inches thick. The following data were obteined for ag epplied edgs load of
13.435 1b. and a modulits of elasticity B of 10.3 x 10° psi, Tnecreticel

i ‘ resulis for p=0 and p=0.3 are given fOor the sake of comparison. It shounld be
! emphasized that although the deflectioms are determined for the two values

mmmmimémmmmsmm

of u=0 and p=0.3 thé value of p=~0.3% has been comsistently uséd in the moment
exprossions.
Deflections {in)

- , . Theoxretical Experimsntol percent
I3 ' difference for
\ point u=0 #=0.3 recorded average p=0.3 values
1 7 0.030 0.025  0.023 0.026 -3.84
| ] ¢ K )

i 0.029
1 2 } 0.032 0.033 0.032 0.071 6.45
fi : ..
3 2' 9.029
; 3 0.032 0,03k 0.033 0.033 ~3,03

i j 0.106 0.102 0.100 0,102 0

y' 0.1.04

5 7 0.109 0.11% 0.111 0.113 +0.88

5' 3 0.114 )

6 0.1i2 © 0.118 0.116 0.116 1.72

7T 0.213 0.213 0.205 0,210 1.h453

7 j c.214

8 ) 0.220 0.228 0.219 0.222 2.70

g S
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: : : UTX <1 -AA=-3
i 9 co.22% 0,236 0.220  0.229 5,06
A ST v 0.33 . ... .0.30. . 0.3322 0.332 2,40 - -
0" Y 0,331
1) 0.3k 0.360 0.351 0.351 2.56
) | o 0,350 |
12 0.355 0.375 0.362 0.362 3459
Maximum Principal Stress (psi)
Theoretical Experimental Percent difference
for
point u=0 12=0.3 *  reocorded average p=0.3
] 2 10,112 10,150 10,521 10,h12 -2.52
2' 10,402
8 3,253 3,428 3,496 3,555 -3.57
i‘ 8’ 3’611’ .
The values of the wminlwmum principal stresses determined by expsriumsnt
: did not chsck the calculated values nearly as closely as the corresponiing
values for the maximm stresses. These valuss are fairly small so that swall
b _ error may make & considerable differsnce so that even the sign of the
‘, quantity may be effacted.
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(. | . Table I . ' o R
.‘ Tabulation. of Deflec tion Rela};icns for Reotaugular Plates §§
| "- - f > . e
: _,“; ’ T . 7. ‘ . freé“ cereinns ".',.,w. e
| 1. Point adjacent to fixed adgo. - | oy
K : e v . N )
-~ A N ~
. . - . 1
:. o & o o
: . 2, - 8lw +wg+w5>+2(mu,-*mﬁ)+wm,‘wsswee o
2. Point adjacent to fixéd-f’x:eé corner. N
Yy
¥ ' . N
20w, - 8lWy+ W) +(-6+2 ) wWg + 2Wie
. ' 4 oGy +
| + (2= P Weg + Wyy + Weg - = f%_ _
i: 3o Point adjacent to fixed corner on free edgé. -
' A\
- ] S a . N
(-8 =S w + (=12 + 41) W v (8% dur &b wy N T {
2 E)? 2 T
+(4~2 y) Yae +2 Wy + (e = St (Ry)o | L .1 4
4o Point on free edge: }
(16-8 -6 up + (12 4pp) Wy + (B4 pur 4 (W~ W) T
13 2 (G- 2 ) (W + Uy )+ (= WM 0+ W) 2wy %ﬂw SRy, T
5. Point adjmcant to Lfree sdge. N
19w, = 8w+ Wy, We) -6+ 2 U + 2 e + Waw)
;E;: + (2= ) (W + U)Wy + W + Wee = _9.6__ . . -
a .
X}
ey ¥
"”‘3% 6, Point on fres GOTnOT.
i:.l-n‘ +
'2 (&2—&._4‘})%.\—(—\2+8p+~4&) (u;ﬂ.}- wy)+ (8- 8u) Wyw , ‘—j
rrg ¢ 2 P N . >N +..ﬁ..
: ,5 + (-2 "x‘)(wNN‘V Wyy) = “"‘Q Y ‘6‘ Y.( E,g)e + (RS)Q]T ‘l’_ﬁ.. i
W5, \ !
| ey §
g
L .
o T

G A M (e e 7 btV i dl S
“ I [T T T ol ey
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o et ey s e s u.&u._.,@.»ﬁ..-..fw‘-:m WAL, ewmametel s s
R o TP TR | o T 5 | P

7. Polnt inside free-free corner,

18 wo -8 (W + W) + (= B+ 21 (Wg + W) + (2= W) (Wyg + gy

T 2 & = -4 i po ﬁ‘
¥ & Wyw ¥1&-c u)mss * Lwa. % U‘!N‘N = ——6-“'

8. Point adjacent %o free~free coruer on free edge.
(1 5-8p—4 ) W, + (-8 +~dpu+ 44{) wy +4-6 442 W) g
+ (124 4 Wy + -2 )Wy + Wew) ¥ (-42) Wy
a

4-
A YAPN
+ 2 Wy = P“Q'f}‘ & "6"'“2;\)0

9. Inside point.

20 W, = BWT wer W W) + (W r W vty T W)

N
D

T Wy ¥ Wee + Wog + Wy, =

e .
R BRI v

P R S SO S uy SR
1#“%”%%%?“

i,

paris hoale ol

P e L

P A=~ S - S
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_ Table IT
Deflection Relations for Rectangular Plates for p = 0

| S L _ | fized NN L

free  —
l. Polnt edjacent to fixed edge. 2. Point adjacénﬁ to fixed-free corner.
| = o 1 30
| T O JR

B !
1 3, Point adjacent to fixed corner on Lo Point on free edge. : ‘§
1 free edge.
Y
PO__“&_ + %3 ( =
D D I%)o ¢

| .
i, ' 5. Point adjecent to free edge. 6.

;. & P

DM

P

L
R SR I |
- ey ¥ P S YR . e = g S it sk
) — e . e D TN RIS TR+ S SR, ‘viif"". & 97
_q.’ ’:‘ Sl A A ,'\’5','."' - I I A
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P e ey P T R e P T s i S e e R ekt Nt i At A e S A =

' 7 Point inside free-free corner, -8, Point adjacent to freec=free
: . - S - corner on freel edge.
Po’\ 2;\3 1
5 [
t s - A4 ...'-.Q_k, SN

ik

e T

: 9. 1aside point, i TL;

i

e
iy

%
v
i

L S AR |
O e Tl sk - sy o]

3
e e sl

R
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Deflection Relations for Rectangular Plates for p = 0.3

fixed ‘\‘-\\-\\\\.
free - .

1. Polnt adjacent to fixed edge. 2. Point adjacent to fixed-free co¥mer.

LU Y PN Wb
o™ i p‘b)"

=

D _ | >

ol

%, - Point adjacent to fixed cormsr on Y. Point on free edge. . ¥
free odge. , E ) ~ SR K | .

4 \
Do}ﬁ e

m",f.‘z‘;i(R ’ o . ]

P NI 5

924
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7. Point inside Pree~free cornex. 8. Point, a acent to free-iree
_ ¢  corner on free edge.
4
|

9. Inside point,.

1

:

.

A AR AT AN/ " P - V)



e e Cwrpar artemart Tae. o lonE e M e
_ e B S R s 2 e -

‘Table IV
Expressions for Moments, Shears and¢ Reactions.
© Fixed —NSOANNN
1. Point on fixed edge.

i N - -2“(:3 ) N N
. FT S e N
! - N
* I » T : N - _ E
My == 0w S : L,

MAN:’:_ © o . = - . L CL———‘E“
| Q= R, =~ 753 10 We+ 4l + weeg) + T Wee

. Do . +

Qtj ="‘;\§(w%& Wye) ;
iﬁ Z. Point on fixed edge near {ixed-free cormer.

<
(6]

| _ QK=E»:--%§ 16w s 4w e~ wee) v 2w )

; Qq= = Sr (W~ Wae)

«g 3., Point at fixed~free cornsr. N ‘
? 2D

My= = 5T We 1

4 _ . _ LD o ¢

!t; My = - 53§ We

i My = ©

i" - A \ 2 ) Lyt [»

i Qy = R,= 353 L6 r4ur 4 we +(8- 4 hwye 22 W wee]

il% ool =

l';.‘ k3= o

3

v

B 5o

o -f i

[UCEOTR H

= !

! ’ oy u i

: |
o e e s g T e g o e N, e B e P TGRS o WA TR v

B e gL ST aes
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# .:;’.. 3 B o - o L i * St a AP
i
|
i
i
f 4s Point adjacent %o fixed edge. i
ST My = -% L- (Zr2 pyw, + We + P {w, *msﬂ N 4
f-- g B g ’ ‘ - ) " H - e el e e e e T — ‘.\;... - o -
{0 My = = D {-(2r 2 ) wpwwg vos v pwg | N
T - o 2 D) | T e =
Myy= BEE [use - wie)
: Ru =~ -—ﬂal-we"‘vwm*wﬁa*wse‘? Wae‘x LR SR
Q‘.j 2)\—3 ‘4‘\\”)*"' Ws\)"&'mse UJHQ -wNN* \‘USS}
| 5. Point inslde fixed=free corner.
M-DT(Z*«-Z)UJ (wy+ws) ) N
x- -;\i u o + u)r T u NT" S ‘\‘ . 53
i D N
| My == 25 [(2v2pbw, * wy + wg + puwg | N
g & —+
] My z el ‘:fE) (Wee - Wae) 1,—_.- _
X4 4)\“
1 Qx 2) o |- We - "‘“Wc"’wue*‘wx“'”ee]
o \
k- Q Y_ Wo + 4ty +{(~2¢ 2PYWg + (1~ p) Wee ™ Wy~ \»NN)
i
%ﬁ: =
:
¥
i
q
6. Point on free edge adjacent to fixed-free corner.
¥ D . _.a .
' Mx=-~):i(' U)(UJE"ZW,,§
L
: Muj = Q
O(1-#) , =
t\Axg = —-—%—;—;—- [" 2 &UNE*‘\Z*‘Z ‘)S'«Uﬁ" ‘JU.)Q -~ \,\ UJEE-J
; ; QL= —.9.2 =1 1A) Ug v("'c‘.,*'z,u)wﬁ +(\~u)u)g§]
[, X
';:
!
S s EOAETRAT :
kT ::'"7 1’4 ;" TR PR g cp o o i Sh St st F 7 " I e Sl b o d el T Al At S st e 2.7»_L'f({‘fﬁ%—‘%jhf?“:lf:.ff%&. o g
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8.

9.

vty i mmm*m%wwmam RPN

Point on free edge.
D, I -
M K: - -;\vi:{\‘— '}J}'\')\&‘ﬂ-akﬂo 4= ww +wE) e - ;__;‘}_-_:,, 4 c '--.-+.;?-
Mt.j = O
MXLJ = ';’___L___Z\_ [‘(2.1”2. }J)(W U}w)‘t' (A (wNUJ WNE)‘? p‘(luw‘u-w ,,ﬂ -
Q= - .;E;\at (2 =2 p)(wy ~wg) = () M)(ww‘quE)3

sz l(\‘\"‘)L"Z-Wo*‘Ww*‘U)E] —_— e o
My = © |
Mx\.}"' PR (|-M[f£ wo-(a+?_p)ww*r'i?-._('wé.-%ﬁ%@*uwww]‘ “
Q, = - Ma‘\—_(’& 20) W = (= 0w, + www\_.}_ : lf;
|
Point on free-free corner. _I
My =0 "
ij =0 _
Mxnj: aD-:&‘\-_& 6rdyp ‘ré’.vz-)(\uN* w,, - Wy )+ ‘/;‘Ml)(‘»l)wu - U}uw)+(4-4‘$l) Wuwj
TR R = =

Point on free edge adjacent to free-free corner. - l l
- B 2 . -
N




]

: . 10. Point inside free-free corner, D L 1 l
1 My = = [ (2r2u) wot+ Wy + we + Wl + JLIQ] S L‘i
Myz= - -- = T=@ -2y ws fwu*'ws*- A(wa,ﬂﬂg)} ‘_ | ———~——--————J k

. N .B(\‘u) '
1- L 'M‘!*i- @.;3- {Wse Wye ™ Wsw*'wwl

Qy = _-g l Wy + 4oy, + (- Z*ZM)u}&+(! ) Wye T W)™ ('”'r“'wﬂ’) ww«ﬂ
Qqy = - ,....5. Lw,rdw,+(=2+2p)u *-(l"M(U.ISg‘Wg@ (wuw*' Wygh= “""N]

11, Point gdj:éée'xit to fres edge.
M = -5 V-(z+2 ) (u \J“ o
x= T2 L B) Wo + Wy + We + Uy +:) |

2 =D (e e ' | et
My = - BlEreWwrwy vt werwy] T

J D i-AY . . B ' )
it ng‘ —-(;‘-—}-\,‘_-f-)- Ewse - Wye - Wsw + Wy} _ :

], = «a__.a\ad_(ww We )+ Wye+ w<s-w,,,w Wsw'www‘*'W:&]

'E Gy - 2;&3{ We M—ww(- ALY w,ﬂuw—w“@(\ \&\(msgwsw\ Wiy

12, Interior point.

M)\r— - 9.5\:(2,-{» '7_\,\\; We ¥ Wy, +- wg "t"\.“(—-‘«% Bl %ﬂ

My == \_.(?_sz\\ W, iy, + ws ) Ly W)

Mh‘j .—i\.—%— L“"ﬁa "‘L‘UNE "'wstu *"wpq,,uj ' “:“

Ry = Y_4—(w = We) ¥ e Tl W™ Waw " W T Wee ) -

Py

4%

= -;[;3.' K.A"CWN ”U'Js" -«-LUS,E + WSW - Wy "‘ws,\E - W'NN;'“*" w&ﬁ;_)
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