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TATIONAL ADVISORY COMiiITTIZ FCR AEROWAUTICS.

TECHIICAL LiEMORANDULL NO. 583.

SPIFDLED AND HOLLOY SPARS.*

By J. D. Blyth.

The most usual method of arriving at the maximum amount of
spindling or hollowing out permiésible in\the case of any nar-
ticular spar section is by trial and error, a process which is
apt to vecome laborious in the absence of good guessing - or
1uck. The following tables havé een got out with the object
" of making it nossible to-arrive with certainty at a suitabie
section at the first attenpt.

-

The following symbole are employed:

I = ioment of inertia.
Z = Seciion modulus.
@ = DBending moment.

T = Torque.

S = Shear force.

fo, = Ultiwate compressive strength of material.
ft = . " tenSile f i i

fS - on shear | ] " "

Ve will first consider a spar of rectangular sectlion, later-
ally loaded only, which we wish to spindle to either I, T,

or — section.

* From "Flight," August 26, 1936.
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v

7'idth of section.

jus]
1

D = Depth ." "

o
i

Thickness of flange.

t = ti " wep.

I+ should be noted that in the case of the hollow [J sec-
tion, t is the combined thickness of the walls forming the
web .

The most rapid method gives flange and web thicknesses
siightly greater than are actually required, so the spar will
be on the safe side. The procedure is as follows:

Firet find +t, +the thickness of the web. "This is given by

ct
il
|
X4

o

X
H’:lm

0

Next finc the value of C, which is given DYy
¢ = M
1,2
-where Z = 559 .

In Table I, values of A are tabulated for values of C
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Table I. Vaiuves of A for all Values of ¢C. FKRectanguiar Sections.
{

c { O 1 3 3 4 5 6 7 | 8 9
-0 O | .C021} .0C4! .CC5 | .007 | .003 | .O10 | .018 | .014 | .018
.11].017 ¢ .019 | .021 | .C233 | .035 | .07 | .028 | .030 | .032 | .034
.2 | .038| .038 | .040 | .042 | .044& | .04C | .048 | .050 | .0582 | .054
.3 1.056 | .088 | .080 | .083 | .085| .087 | .089 |.073 | .074 | .076
.4 1 .079 ] .081 | .083 | .086 |.088 | .091 | .023 ;.09€ | .098 | .101
5§ .103 ! .108 | .109 | .111 | .114 | .117 | .180 {.123 ! .126 | .139
.6 ] .132 | .135 | .128 | .141 | .145| .148 | .151 |.155 | .158 | .1623
.71 .1683 | 169 | L2173 .177 | .181 | .185 [ .180 |.194 | .298 | .30C3
.8 | .208 | .213 | .218 | .2233 | .239 | .2835 | .41 | .8347 | .254 | .3061
.9 | .288 | .276 | .285 | .294 | .305 | .316 | .339 |.345 | .3€5 | .393

1.0 ; .50C - - - - - - - -

The method will be made clear by taking an example and work-

it out.
Suppose we have a spar whose section is 2 in.
deep, |
¥ = 16,000 Ib.-1in.
S = 200 1o. |
fo = 5,506 1. per square inch.
fs — 800 Rt i i 1
The spar is to be spindled to I sectiom.
. + = 2 x 200 .. ]
Te get b= £ X %5% = 0.42 in.
aad Z = 5.35
whence C = 0.545.

From Table I we see that when C = .54,

when C = A= .117.
a value in tre

A =

present case,
.118

AD .484 1in.

g =

wide and 4 1in.

A= .114, and

Interpolating in these values we get
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Renmeribering that the values found are on the high side, we

will make the flanges 0.45 in. deep, and the wed 0.4 in. thick.

Checking the secticn so ovtained, we find that we have for

bending a factor of safety of 1.15, and for shear & factor of

safety of 1.14.

The scction found in this wayv will Dbe suitable in most cases.

4

Occasions wmay arise, however, when it is desired to lighten the
spar as much as possible, i.e., to spindie it to the limit. In

this casc the procedure is a 1little longer.

First find t as before.
. i . fotT .
Text find the value oI > and subtract the value soO

found from the known value of M. Calling the remainder it

2

find the value of ¢, which in this case is given by

there Z!' = Kg_é_ﬁ_zf_ .

Look un the vaiuec of A in Tuble I; and as vefore, d = AD.
Talking as an example the spar already described.
Ag before, t = 0.4 in.

. .. or 5 500 % 0.4 ¥ 18
Then ' = ¥ - 2 .

= 10,150 lb.-in.

St o= 4.27
¢ = .233

whence n = L0687, and d = 0.35 in.
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-

This section has for bending a factor of safety of 1.01.
We will next consider a spar of rectangular section, later-

- P

ally loaded as before, tozether with an end load P. In this

./

case the procedure is divided into two steps, as follows:

First find the section neglecting end 1oad, in the manner
already described, and let' A square inches be the area of the
section so found. This enables us to find the value of P/A.

Repeat the wrocess, using the value 1, - % instead of

vih

. C>
or, wuere applicable, fy4 + % instead of f4. It should ve
noted that for compressive end—ldads the numerical valiue of P
is taken as positive, while if the end load is tensile the numer-:
ical value of P 1s negative.

Taking as an example the spar already worked out, and suppos-
ing that it is subjectcd to‘a compressive end load of 1000 1b.

-

Neglecting the end lozad, we have as before

t = 0.4 in.

i

Q@ = 0.45 in.
e get A = 3.04 so.in., and & = 339.
New value of f; = 5,500 - 339 = 5,171.

L
Y

Since the shear stress is unaffected by the end load,

'remains as before.
¢ = —25000 - o.58

5,171 » E.30

whence A = 2.135

and ¢& 0.5 in.

1
|
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This scction has a factor 0f safcty of 1.13.

If +the Perry correction is to be applied the method is simi-

lar. n this case the section is found as before, aand the valuc

of fC - %- derived, and also the valuc of Pg,, the Zuler locad

for the spar treated as a strut for the length of the portion
Pe

P - F

and with the new values of M and f_, proceed as before.

between points of contraflexure. Now multiply M. by

o+

e now turn tO.Sp&rS of circular section. These aTe most

commonly subjected to a lateral load, combined with a torsional

load; and this case we will consider, first taking the case of

wood er spars,'where the thickness t of the wall is not small

compared with the diameter B (this being the external diameter).
The procedure.is asg follows::

First find Tg, the equivalent torque. This is given by

. /2 2
Te=J1r + T

Text find the value of €, which is given by

3

Turn o Table II, and find the value of )\ corresponding 1o

Q

the value of

Then t = \D.
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Table II. Values of AN for all Values of C.

Circular Sections..

1 !
cl o© 1 2 3 1 4 5 | 6 } 7 8 9
0l o |.oo1| .00z | .004! .005|.006 i.008 | .009 | .010 ] .012
.1|.013|.014|.016{ .017 | .019 | .020 | .021 | .023 | .024 | .026
.2| .027| .029 | .030| .032 | .033 | .035 | .036 | .038 | .040 | .041
.3 | .043| .045| .048 | .048 | .050 | .0B1 | .053 | .055| .057 | .058
.4|.060| .082 | .084 | .06 .088 | .c70 i .072 | .c74| .078 | .078
.5| .080| .082 | .024 ! .0861 .088 | .090 ! .093 | .095| 098 | .100
.8 .102| .105] .108 | .110| .112 | .116 | .118 | .121| .124 | .127
7| .130]| .133 | .157 | .140 | .143 | 147 | .150 | .154| .158 | .163
.8].168| .170| .175| .172 | .184 ] .189 | .194 | .200| .205 | .312
9| .219| .226| .2341 .243 250 | .264 | .377 | .292| .312 | .342
1.0] .500! - _ B - - Z N
| i

In employing this method it must be remembered that the wall

thickness found is not greater than is actually required; and
further, is only that required tc resist the shear stiress due ©o
torsion, no account having veen taken of the shear sfress cue to
direct shear. In the case of such Spars.the shear stress duc 1o
direct shear is not usually high, and with a little practice it
will be found easy o estimate the amount (which is very small)
by which the cowputed value of t rmust be increased for safety.
| In the case of circular metal spars, wnere the thiclkness
of the wall is small compared with the outside diamecter, the re-

guired thickness +t 1is given at once Dy

-] ’

$= 2y
™ D°

Hh

]
No examples have been gifen in the case of spars of ciréular

section, as it is thought that the examples worked out in the

cases of gpars of rectangular section show the method sufficicnt-

ly clearly.
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