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Analysis And Comparison Of 1-Beam And Solid Wing Spars

By Paul E. Best, EAA 2441

Drawings by Don Cookman

he other day while discussing amateur aircraft con-
struction costs with some EAA friends, the subject of
spar materials came up. As anyone who has built a plane
realizes, spruce spar stock is not only somewhat hard to
find but is rather expensive. It has to be ordered from
one of a handful of firms which still carry this wood, and

- since commercial airplanes today use metal far more

often, there is today not too much incentive for the com-
mercial production and distribution of airplane spruce.
Spar stock in sizes suitable for many light airplanes of
about 30-foot span brings a price of a dollar or more per
running foot, which means a total of from $50 to $100 per
airplane. If .this cost could be reduced, it would be a
worthwhile saving.

Before World War One, spars ‘were solid wood so

slim as to warrant the label of “toothpick spars”. During
that war, most airplanes had finely routed I-beam spars,
box spars and at times small solid spars. Between that
time and the beginning of the second World War, the
use of solid spars gradually became almost universal in
small airplanes. The greatest single reason for this was
manufacturers’ interest in lowering the labor cost. Spruce
trees are grown by Nature, not made in factories, and
the cost of the wood to the ultimate consumer is due to
the labor involved in felling the trees, cutting them up,
working the wood and incorporating it into the finished
airplane. .

The plain solid spar requires fewer manufacturing
steps than any other kind. After the wood has been select:
ed and dried, about all that is required is to surface it on
four sides to the required dimensions and drill it for bolt
holes, and it is ready to go into an airplane wing. It is
well worth noting that the structural efficiency of a plain
solid spar is somewhat on the low side, not too important
in smaller planes but important enough in larger ones to
force designers to use built-up and routed spars of

various kinds as airplane size goes above the smallest

and lightest. s

In regard to that statement, let us look at popular
wooden-winged airplanes of the late 1930°s. You would
find plain solid spars in the popular little two-seaters of

-all makes, and in airplanes such as Waco biplanes where

spar sizes were naturally small. But as soon as you looked
at four-seaters such as the Fairchilds, Stinsons, Cessnas
and others, you would find that it was standard practice
to use either routed I-beams or built-up box beams.

It is also highly significant to remember that when
lightplane production increased in volume, the cost and
difficulty of obtaining good spruce in large quantities
forced lightplane makers to change to other methods.
For a while some popular makes used plain “solid” spars
made by laminating together several pieces of short,
cheap spruce. It is hard to find wood in long pieces that
is truly perfect, so the laminating process allowed several
shorter pieces to be assembled into an equivalent “solid”
beam with less waste and material-hunting. In the end,
aluminum spars were extruded for use in small planes
like the Pipers. It was easier to extrude metal to the
desired length, than to comb the forests for a few perfect
trees, and of course the labor cost was kept low.

But, the amateur airplane builder is under far less
pressure than the manufacturer to shave labor costs. He
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is...or should be...more concerned with the cost of the
materials and their weight. In both these respects, the
built-up I-beam excells. Routed I-beams may cost less as
regards labor because of being made out of one piece of
wood which is merely machined, but the materials cost
is certainly high because of the thick plank which forms
the raw material.

In Fig. 1 is shown the stress distribution in a spar.
Maximum tension and compression occur at the outer
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Fig. 1

edges, with no bending at all in the center. The only
function of the wood in the center of a spar is to keep
the outer areas separated. This load takes the form of
a shear force as shown by the small vertical arrows. The
depth and thickness of a solid wood spar are chosen to
give the amount of wood required to resist tension and
compression at the edges. These forces are much greater
than the shear load, so in the center area of the spar
there is really more wood than is needed. The I-beam
spar places most of its material at the flanges where
tension and compression require it, and in the center
part eliminates all except that which is needed to resist
shear forces. The distribution of material is more
efficient.~ The box beam follows the same principle, but
is often slightly heavier than the I-beam because it has
more web material and internal blocking. Two one-six-
teenth- inch shear webs are not equal in strength to one,
one-eighth-inch web, due to the mathematics of sheet
materials.

A 'box spar has thé advantage of having a smooth
external surface, which facilitates installation of wing
ribs and compression.- members. But we must always
remember that it has one great objection — it is not
nearly so easy to inspect the interior to make absolutely
sure there is no dry rot. As an airplane ages this point
becomes ever more important. In contrast, practically
nothing is hidden in a built-up I-beam.

In practice a built-up I'-beam consists. of five pieces,
the four flange strips and the central web. Almost always
there are a series of vertical stiffening strips, which pre-
vent buckling of the web and at the same time provide
handy rib attachment points.

A spar of usual length has its flange strips highly
stressed by the bending loads, so a high-strength, light-
weight material is wanted. Many materials and combi-

-nations of materials have been used in the past, sych as

oak, birch, maple, mahogany, fir, spruce, cypress, steel
and aluminum. Each individual flange strip is likely



‘to be of fairly small cross-sectional area, hence rather
little material is needed with a lowering of cost. Old
wing spars from some airplane, or a few dollars worth of
mahogany planking, will provide the flange material
needed for most amateur designs. The web piece does
not experience concentrated loads and slight flaws need
be no great concern. Perfectly safe, low-cost webs could
be sawn from sheets of waterproof, clear-grain, knot-
free marine grade mahogany plywood, which costs far
less than aircraft plywood.

By now, some readers may be of doubtful mind, so
we shall refer to some actual figures. In Fig. 2 is a com-
parison of one solid and two I-beam spars as regards
weight, cost and dimensions for equivalent strength. See
how the cost goes down — down — down! And see how
the weight does likewise! At the cost of only a few
nights’ extra labor the amateur can gain very tangible
henefits by using I-beams.

To compute the strength in bending of a spar of
solid, I, or box beam cross section, the formula Bending
Stress= M X Y/I, is used. These letters are: M = bend-
ing moment in inch pounds, Y = half the spar depth
when the upper and lower flanges are of equal size, and
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ﬁ\ Solid Spruce
1 = 3375

Lbs. per ft. ............. 1.827

¢ Cost per #. ............ $1.05

Bending Strength 60,000 in. Ibs,

Spruce Caps

a
Birch Plywood
1 = 30.0 approx..

Lbs. per f. ............ 1.340
Cost per ft. .............

‘Bending Strength 60,000 in.s%bs,

Mahogany
Caps and Plywood
I = 23.0 Approx.

Lbs. per ff ............ 1.200

Cost $0.65
f" Strenglh 60,000 in. Ibs,

Fig. 2
Beam Section

I = the section Moment of Inertia, which is derived from
the formula I = B % H3/12 minus b x h3/12. In the
last formula the letters are: B = total spar width
chordwise, b = total spar width minus web thickness,
H = total spar height, h = total spar height minus
the two flange heights or the gap between the flanges.
The figure 3 after the letter H means to multiply H by
itself 3 times.

The above bending stress formula computes the max-
imum bending stress in pounds per square inch and
the spar material must have an equal or larger yield or
proportional limit bending stress. It will be noted that
wood is the only material for which static bending
stresses are tabulated. Therefore if the spar material is
metal the material tensional yield stress is applied. (The
“yield stress” is that which the material will withstand
without developing a permanent bend. The “ultimate
stress” for a material is that at which failure occurs, and
this stress is always higher than the yield stress.)

To illustrate the use of these formulae we will com-
pute the width of a spar of I-beam section, assuming the
spar length to be 60 inches from the lift strut attachment
or other support to the wing tip, and the spar load to be
even along the span as in Fig. 3. The total spar load in
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Fig. 3

the 60-inch span is 200 lbs. at the aircraft gross weight,
and the load factor desired is 4 Gs, therefore the total

‘spar load is 200 1bs. X 4 = 800 lbs. The bending mo-

ment will be the total load times the half span since the
equal load distribution balances the load at the span mid
point; 800 lbs. X 30 inches = 24,000 inch pounds. The
airfoil selected will permit the spar depth to be 6 inches.
We have 4 in. mahogany plywood for the web, and
mahogany plank of one inch thickness, finished, which
can be-cut for spar caps. Referring to ANC bulletin #18
we. find- mahogany static bending fiber stress at propor-
tional limit to be 8,800 pounds per sq. in. For some
structural reason we decide the spar caps must be %
in. high and we know their width will be the total spar
width minus the web of % in. divided by two. From the
M Y
formula BS (8800PSI) = X we see that I'is still

I
unknown therefore we start with the formula

. MxY 1 MxY
BS ==l = —.
X BS
I st 8.18
S itutin figures, ] = ——— I = 8.
ubstituting our figure
and now we use this to find our spar width or “B”, from
. B x H3 b X h3
the formulal = ——M — —m——
12 12

38






