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C-105
' PLASTIC MODELS

A structurally similar plastic model of ihe forward fuselage
between stations 2 d 485 constructed and tested under various
load conditions., Th el was supported in such a way as to simu-=
late a built-in condition of the fuselage at frame 485,with the fuel
tank and ducts attached to frame 435 in the appropriste manner.
Deflected shapes of the fuselage s walls and at the fuel tgnk
centre line were measured as wi the strain dis-ribution zlong
the lengths of the fuselage corner longerons.

From the results of the tests can be seen the manner in which
the ducts and fuel tank form an integral part of the structure
forwerd of freme 485, and the manner in which they give up their
loads to the fuselage in the vicinity of ame L35 » effect
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C-105 FORWARD FUSELAGE
PLASTIC MODELS STATIONS 255 to 435
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st the centre line of frame 435

™ - 17

caused by 1 g ction, The complete
results an lats are aveileble in snother veolume of thie
hereln being precent most pertinent points,
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The structure wzs once more investigated through the T cilities
cf tne Structural Test Department and photographs of figure: to 4
' the test set-up used., Faciliti d not sllow constant tempera=
tuAe and humidity control throughout > tests although variation
t to a minimum as much

As illustrated the model consisted of & 1.0 to

jea of the structure included within the stations
Skin and web thicknesses re in the retioc of 1.0 to
full scale thicknesses, which is based on structural
for an equal strain cond t*vn between model and full sc
plete derlvsti n of the model=-full scale parsmeters 1s
rer ort T‘

Ysterial used in e cornstruction
llX:\r"lon'j‘r(,vr’ all cementing being done -
nixture.

To create the "built-in®" condition at frame 435,
was made considerebly stiffer than actually and cle mped
suprort plate by means of steel plates which allowed iistortion
of the frame within its own plane but very Timited movement
to its plrne. This movement was measured and the appropriate
correction mode to deflection measure ents,

normal

was tested ir WO
With end loasd connection in t
(Torsion tests were done in this

Without end lozd connection in lower skin. This was accomplished
by cutting the skin connection at frame 485 and providing a
atiffener at the skin termination to gather up the skin shears.
This arrangement would not be u{tlufcutor; for asymmetrical
loading but sin 81l cuses investigated in this state were
symmetrical, it was dcemed re: sonable
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Fuel Ten) Toad (Continued)

Several test runs were done to determine good average velues
of results and lests were repeated with the modified condition of
the grmement bay skin.

ack fuselage fuel was {cken fror
qaye atiached to I.D.M (s /1 /,
Issue atLacned Lol alile G /11 (d
load point forward of the structure be
imately the same shear force end
section as actuaslly devsloped.

Sheet 8 .
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RESULTS AND DISCUSSION

Calculated Values

At the time of performing these tests, preparation of the
theoretical analysis was underway. Results obtained herein were
used to some extent in this preparation as a guide to the perfor-
mance of the structure. At the time of writing, the solution of
the analysis was not yet complete 80 no calculated values are
available for comparison.

Experimental Results

For all cases and conditions, plots of deflection and strain
distribution as recorded are presented. These plots are best
average values taken from several test runs and are for conditions
stated on the graphs. Individual results for each test run and
curves for esach test performed are filed in another volume of this
report.

Fuel Tank Loads

Results are given in Figure 9 for the model equivalent of
5.0 'g' normal inertia acting on the fuselage fuel. Deflections
and strain distributions are shown for:-

(a) Armament bay skin attached to frame 435 and carrying end load.
(b) No end load connection in armament bay skin.

The most pronounced difference, of course, is the increased
deflection and straein in the lower longeron for the (b) condition,
these being in the order of 45 percent greater. The upper longeron
strains maintain approximately the same values for both conditions.

The rapid increase in the gradient of the strain curves with-
in three frame pitches of frame 435 is very pronounced and is an
indication of the region in which the fuel tank and duct loads are
rapidly transferring to the fuselage side walls, as the tank and
ducts become ineffective in bending due to the manner in which they
are fixed at freme 485. ’

Of very great interest here is the shape of the elastic curve
for the fuselage side walls, It i1s noted that the deflection line
has a constant slope over the entire langth to within two or three
frame lengths from frame 435. This, of course, is not the bending
deflaction curve expected and it was thought for a while that the
accuracy of messurement was not sufficlent to detect the propsr
curvature. However, repeated tests under fuel load cases showed
the same phenomenon. An explanation can be put forth by consider-
ing the shear deflection of the side walls. Over the forward
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Fuel Tank loeds (Continued)

portion of the specimen (that portion where the slope is constant)
under a shear and bending moment distribution as applied (see
Figure 7) the elastic curves from each effect will have opposite
shapes, i.e. shear deflection curve will be convex up and bending
curve concave. It is probable that the superposition of the two

will therefore result in a streight line until the bending becomes
overpowering near frame /235 and produces the slight curve into the
freme.

This fact will be substantiated, it is hoped, in the analy-
tical solution but an attempt was made to measure the shear deforma-
ion at a few points on the model., Due to extreme difficulties
in measuring this type of deformation, the experimental work is
of doudtful accuracy.

Tank Pin Removed

The removal of the tank pin results in a considerable verti-
cal deflection of the tank pin or lug position under load, as is
shown in Figure 9. The effect of removing the pin is to destroy
a portion of the shear connection to frame 485 and reduce the
effactive bending section immediately forward of frame 485 by the
amount provided by the end load capacity of the pin and lugs.
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Fuel Pin Removed (Continued)

Since the pin is relatively near to the neutral axis of the section,
the effect on the shear stiffness will be greater than that of the
bending. This seems to be substantiated in the fact that the straight
portion of the fuselage elastic curve persists to a slightly closer
point to frame 485, i.e. the bending curvature does not become over-
powering so soone. The total deflection at the forward end is greater
due to pin removal in the (b) condition because the pin forms a
greater percentage of the section stiffness with the armament bay

end load connection destroyed.

Without considerable analytical work on this section, it is
difficult to pin down an explanation for the longeron strain
variation due to pin removal because of the secondary effects of
movement of the pin position, causing an increased lateral distor-
tion of the frames immediately forward of frame 485. The experi-
mental results as in Figure 9 show an increase in the upper longeron
tensile strain while the lower longeron strains remain effectively
the same.

The comparison of the fuel tank deflection line and the body
gide shows a fairly constant lateral deformation of the frames
until frame 485 is neared where with pin in position this becomes
less, and greater with pin out. This would indicate that the
torsionsl stiffness of the ducts in the region where they are an
integral part of the structure, i.e. forward, resists this lateral
frame deflection while near frame 485 at which position no torsional
restraint of the ducts exists this resistance drops off (in the
pin out condition). The pin itself, of course, when in, provides
a torsional restraint to the fremes due to its ability to take
vertical load.

This effect prompted the construction of a simple slice of
the typical fuselage structure which could be investigated to
study in more detail the effect of the ducts on the lateral frame
deformation. This work 1s presented and discussed in Report
P,/Modala/ﬁj -

Normal Inertia Loads on Forward Fuu_n]tge

Results are glven in Figure 10, for the model equivalent of
2.0 'g' normal inertia scting on the forward fuselege structural
woight only. Aa bofore, deflectiocns and strain distributicna ere
shown for the (a) and (b) conditions (See Sheet 10 ).
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C-105 FCRWARD FUSELAGE

PLASTIC MODELS } STATIONS 255 to 435 |- : :

Normsl Inertia Loads on Forward Fuselage (continued)

These show a fairly constant strain in the longerons until
the vicinity of freme 435 is reached where the strains incresse
quite rapidly as the effectiveness of the tank and ducts falls
off. The lower longerons were designed as constant stress members
and this is substantiated in the region where the whole cross
secticn is effective.

The effect of destroying the end load connection in the arma-
ment bay skin is to increase the total deflection, the majority of
this effect coming in an increased curvature of the deflection line
as frame 435 is aprroached snd the end load in the armament bay
skin is diffused into the lower longerons. It is indicated by the
longeron strain curve and the deflection curve that this diffusion
starts about 9 frame positions forward of frame 485 at which point
the lower longeron strains increase more rapldly in the (b) condition.

As previously, the upper longeron strains remsin effectively
the same &8s regards value and distribution for both conditicns.

In this case where the bending moment is about three times
more powerful, as compared with vertical shear force, than in the
fuel load cuse, an elastic curve of gradually increasing curvature
g8 expected results. The application of the point load to the
forward end of the structure being such that the shear enters the
representetive structure aprroximately at the fuel tank sides or
more correctly along the air-conditioning compertment side walls,
results in the greater deflecticn of the fuel tenk forward end with
lateral deflection of the fuselage frames.

As indicated on the graphs, no measureable difference was
exverienced for pin in end pin out cconditions in this test case.
This is underatandable with no direct load being applied to the
fuel tank and with the tank pin position being near the bending
section neutral axis end having little effect on the bending stiff-
ness. Due to the marner of aprlying loed, the shear deflection
effect is negligible in this case.

It is felt that lower longeron strain vaslues at frame 435 as
recorded snd sveraged for tests in the (b) condition should be
higher, 1300 to 1400 micro inches per inch instead of 1150 as
plotted. This would agree with the general higher strain values
recorded at positicns forward of 425 for this case. These tests
were among the last conducted and definite indications in results
show that the strain gauges concerned were starting to give faulty

readings.
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Deflecticn at Centre Line of Frame 485

Fuselaze deflection and longeron strein distribution for this
case are shown in Figure 11 for the (a) and (b) conditicns.

The fuel tank being pinned to frame 485 at the frame centre
line results in the applied deflection at the wing spur modified
by the deflection of the centre member of frame 485 being applied
to the aft end of the tank. The applied deflection was .095 inches
at model scele and the pin position on the graphs show a deflection
of .072 and .076 for (a§ and (b) conditions respectively, indica-
ting & compression deflection in the frame central member of the
difference. In condition (a), the deflection curves indicate equal
stiffness of tank and fuselage as their elastic curvea are almost
equal but in opposite directions. With the armament bay skin detached
the curves show less stiffness in the fuselage, hence a greater
curvature nesr frame 485 resulting in a definite rotation of the
forward fuselage structure, the fuselage movement in (a) having
been approximately parallel.

Roth deflection end strain curves indicate that the effect of
the forced deflection of frame 485 carries forward in the fuselage
structure for ten or so frame pitches before it dles out to slmost
negligible value, the severeat effect being exrerienced, however,
over the firat five fuselage frames forward of station 485.

Tt is indicated in the (a) condition that the lower longeron
strain developes a violent reversal in the proximity of frame 485.
This is explained by the fact that the derth of the longeron is
considerable and »ith the armament bay skin fully connected to
frame 425 the lcwer longerons were fully built in to the frame,
whereas the much smaller upper longerons acted as effectively
pinned at 485 or, with their much reduced stiffness in a vertical
plene the effect of being built in was so local to freme 485 that
it wae not picked up with the strain gauge positioning used. An
exaggerated sketch below shows the probable effect.
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PLASTIC MODELS STATIONS 255 to 485

TENSION

COMPRESSION
&

.

| DEFLECTION
ApPLIED AT
¢ ©oF FRAME

o S

SN e
STRAIN GAUGE = ~ STRAIN GAUGES
S 5

HERE READ comPRESSION

HERE RCAD COMPRESSION

(o) LOMGERON BUILTIN TO FRAME (b) LonGERON FIXATY DESTROYED

When the armament bay skin was disconnected from freme 485 for
the (b) condition, the built in effect of lower longeron was
reduced or destroyed and the high tension strsin recorded.

Fuel Tank Pin Removed

The effect of removing the tank pin was mainly to reduce the
deflection of the tank and hence that of the fuselage and to reduce
the longeron streins. Tank deflection persisted, however, due to
secondary longerons snd intercostals at the tank top and bottom
which st11) maintained their connection to frame 425, The tank
deflection in the (b) condition pin-out is far less due to the
absence of the intercostal and skin connections at the bottom of

the tank.

Torsion Applied to Fuselsge Structure

Figure 12 shows results for a unit torque applied at (a)
the front spar pick-ups, and (b) an arbitrary point forward of
the representative structure.
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c-105 | FCRWARD FUSELAGE | A.P, Sentance
. PLASTIC MODELS

l STATIONS 255 to 435

Torsion Applied to Fuselage Structure (continued)

From the deflection curves for both conditicns, an average
twist of .000208 radians per inch can be deduced. From the torque
applied in both cases of 891.2 1b.in., (model scale) a value of GJ
for the fuselage section of 4.28 x 106 results from the relation-
ship

For G = .13 x 10® 1b./in.? (Ref. Neticral Resesrch Council).

J for section = 33 ﬁn.A

from which s first approximation for the torsicnel stiffness of the
full scele structure was obtained.

As stated, this wes an incidentszl test conducted to determine
the order only of the torsional stiffness, as it was felt that the
conditions of support at frame 485 could not be fully defined. The
method of mounting meither allowed freedom to warp at frame 485
as in actuality, nor could it possibly be fully built in because
of practicel reesons.

The plotted results indicate this., The deflecticn line for
case (a) develops into a straight line aft of the load application
point as would result from freedom to warp at freme 485, however,
the longeron strains indicate that curvature must exist. Csse (b)
wherein deflections were meusured more carefully shows the curva-
ture of the fuselage side walls and the appropriate longeron strain
distribution resulting from the clamping of frame 485 which restricts

warping at this position.

The extreme high peaks of strain at the forward end of the
structure are due to the means used for applying the load which
was not designed for this perticular case.
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PLASTIC MODELS STATIONS 255 to 485

CONCLUSIONS

The model structure has been subjected to & variety of losding
conditions as described herein and sufficient repetition of tests
carried out to give fair average values of performance under those
loads. The testing procedure as followed, wherein some testing was done
previous to finalizing the theoreticel enalysis gives much sid in the
development of that analysis. Results of a qualitative nature only
are necessary for this work as the analyst is interested primerily
in checking or estublishing his assumptions as to the performance of
the structure under load and in a guide to separating the major
elastic phenomena from the secondary ones.

As previously, without proper control of atmospheric conditions,
with which the elastic constents of the plestic meterials vary, abso-
lutely correct quantitative results are not obtainable. However,
sufficiently accurate corrections can be made, it is felt, from an
epprcximete knowledge of actual atmospheric conditions, which existed
during each test, to compare numerically the results with celculeted
values when these become available.

Since this report is primerily descriptive of the observations
made during test of the model structure, no sttempt will be made to
draw conclusions as to the efficiency of the design other than to
re-emrhasize the following few points:-

1 The structure as testeddefinitely indicates that the fuel tank
and ducts form an integral part of the bending structure in the
forward portion and in doing so cause concentrated shear transfer
to the fuselage sidewalls over the last few frames forward of
435, at which region they are forced to give up these losds due
to lack of bending continuity across frame 485 on the pert of
the fuel tank and ducts.

Under fuel inertia loads, the deflected shape of the structure
would indicate the great amount that shear deflection plays as
& proportion of the elastic deflection.

The deflection forced at the centre line of frame 485 under
wing bending induces differential bending between the tank und
fuselsye side walls which persists for about ten buy lengths
forward before dying out.

The presence of the ducts adds to the lateral stiffness of the
fuselsge frames through virtue of their torsicnal stiffness.

This effect is investigated more thorcughly in report P/Models/53.
This, of course, tiea in with 1. above. The ducts have no
torsional restraint at frame 435 a&nd the majority of load comes
off over the last few frames forward of 485.
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PIASTIC MCDELS STATICNS 255 to 485
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CONCLUSIONS (Continued)

5 The effect of the fuselage tank pin and its removal are &s
might be expected. Under fuel tunk louds, the pin forms an
important vertical shear connection to frame 485 which when
removed throws additional loads onto the fuselsge side walls
through the fuselage frames. Under forward fuselage louds,
primarily bending moment, the effect of removing the pin is
negligible because of its proximity to the neutral axis of
the bending section whereby it adds nothing to the bending
resistance of the section.

The destruction of end lcad continuity in the armement bay
skin hes the obvious effect of reducing the bending stiffness
of the section as frame 435 is approsched.
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