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*  WITH INCOMPLETELY BUILT-UP RIBS*

'By F. Reinltzhuber
I. INTRODUCTION :

The constructional elements of single-spar wing
gtructures are main spars, torsion tubes, rlbs, and aux-:
1liery.spare. .The ribs, which generally extend over the
entire wing section, are for the purpose of stifféning the
torsion tubés and taklng up the forces in the torsion
tubes and in the main epar. Mounted structures in the
wing, onglne, and landling gear often make 1t necessary to
bulld up only one-half of the wing cross section complete-
Iy with flanges and webs as a flexural supporting membdber.
The other half of sectlon 1s then omltted entirely or only
the flanges are retained. As long as only sm&dll forces
are to be taken up by such incompletely built-up ridbs and
the dlstances of the latter from the nelghboring fully
bullt-up ribs are not too large (fig. 1), an accurate in-
vestlgation 18 not necessary. The effect of the incom-
pPlete rid may then be neglected and the applisd loads dls-
tributed over the nelghboring complete ribds. If, bowever,
large forces due to the englne or landlng gear are to be
applied to the incomplete ridbs, 1t 1s necessary to lanves-
tigate the force distribution in detall, as will be done
below.,

II. LOAD ASSUMPTIONS
A single~spar wing structure is investigated, having

two auxiliary spars (front and rear), several fully built-
up ribe, and two nelghboring incompletely bullt-up ribs.

l""fTber die Krafteinleltung in einholmige Flﬂgelfragwerke
durch unvollkdmmen ausgebildete Querw#nde." Luftfahrt-
forschung,- vol. 16, no. 7, Juily 20,-1939, pp. 349~354,



2 N.A.C.A. Technical Memorandum No. 937

In the rear torsion tubes of the latter, the webbing 1s
missing so that only the flanges remain., Of the several
complete ribs only the two are consldered that are on each
slde of the incomplete ribs. This is sufficlent to detar-
mine the qualitative effect of the disturbance due to the
incomplete ribs; the quantitative disturbance will also be
emall. The investigation 1s therefore extended over the
portion of the wing shown in figure 2, the wing being at-
tached with no deformation restreint at rid 5.

The above wing portion is loaded by normal and tan-
gentlal transverse forcos and torsional moments which arise
at the -outer wing and .act on rid 0. Furthermore, local
forces from the engine and the landing gear are applied at
the front half of ribs 2 and 3. The forces due to the
outer part of the wing are only slightly changed by the in-
complete construction of ribs 2 and 3 as far as thelr dis-
tribution over the wing sectlon 1s concerned. This type
of loading will therefore not further be investigated and
only the force distribution due to the applied loads at
ribs 2 and 3 wlll be considered. Since the computation
for appllied tangential or normal forces or torsion momeats
1s fundamentally the same but the torslon moments for the
shear in the wing covering are of chief importance the
present study will be restricted to the lnvestigatlon of
the torsion moments only.

I1I. COMPUTATION OF THE WING PORTION INVESTIGATED BY

THE "SHEAR FIELD METHOD"

The computation of systems that consist of shear
skins, flanges, and ribe is most suitadbly carried out by
the "shear fleld method" often employed. This method 1is
characterized by the assumptlion of a pure shear condltion
in the sheet panels between the flanges and the stiffen~-
ers while all the axlal forces are. assigned to the spars
"and stiffeners through the use of nn "effective width." *
A’ computation based on these assumptions follows the meth~-
ods that are employed for statically indeterminate compu-
tations,.

*A detailed description of the shear field method is
found, for example, in reference 1.
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The number of static.indeterminates for the wing por-
‘tlon -shown .in, figure. 2 fixed at rib 5 with no deformatidn
restraint (with 3 longitudinal ties)-ie 4x3 +.5x1 -2 .=.15,
since the double cells between. two neighboring ribs are
connected each by three -redundant longltudinel tles; fur-
thermore, each double cell is statically indeterminate with
the exception of the cells 1l-2 and 3-4' for -which through
the omission of the webh sheet at each half of the ribs 2
and 3 the number of statlc redundancles is decreasad by -
two.

"PThe computation of highly radundant stutically inde-~
-terminate systems, which consist of double colls, has been
carrled out for space frameworks in a work of H. Ebner and
He K8ller (reference 2). Three forces groups, obtained by
disconnecting the three redundant longitudinal tles at
each rib, and a sultable shear at each double cell (in the
case of torsion loading, the shear at tho center spar) are
introduced as the static indeterminates. In the region of
ths ridbs 1 to 4, it 1s to be noted that by the omlsslon of
the web sheets 1n the rear half of ridbs 2 ond 3 there ars
two static redundancies fewer than 1in the other double
cells., ZXYor this rcason, in this portlon of the double
calls, lnetead of three undetermined shears,only one need
be introduced, most sultably chosen in the.-web of the rear
spar.*

After thls cholece of tho static rodundancies, the 15
elasticity equatlons may be set up whose solutlon then
glves the values of the stetlic indcterminates, which may
be slightly or not at all coupled. The work of computa=-
tlion st1lll rcemalins extremely. large. If the portion of the
wing under consideratlon were extonded by using more double
cells, the number of static indetermlnates.and hence tho
work of computation would 8tl1ll further increass conslder-
ably. It 1s therefore nccessary to make simplifying as-
sumptions that will enable us to obteln e general 1dea of
the force distributlion in wings resulting from the applica-
tlon of forces at incomplete ribs without the nscesslty
for carrying out the large computation work. The simpli-
fications refer to the manner of loading the system and
the.cholce of the statle indeterminates.

*Anothér method of computation for the problem under con-
sideration is presented in a paper by H. K8ller (reference
3). Tho method there indicated is convenlently applied 1if
the web sheet in the rear portion of the 1incomplete ribs
is removed after a statlcally indeterminate computation
had already been carried out for complets ribs.
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. The forces 1in colls O~1 and 4~-56 arc not of decided
importance for the distribution of the forces in the tor-
. 8lon tubes. Thoy are neglected by dlsconnecting longitu-
dinal ties at ribs 1 and 4. Considering the ribs 1 and 4
as stiff, then cell O0-1 13 without stress and the cell
4-5 distributes the applied torsional moment in proportion
to the stl1ffness of the forward and rear torslon tubes.
(See reference 4.) The cells O-1 and 4-5 may therefore be
omitted. There then remeins to lnvestigate the sevenfold
statically indeterminate W-system of flgure 3a. In most
practically occuming cases, the system wlll be symmetrical
with respect to a plane parallsel to the ribs through MM
or may he assumed symmetricol through sultable averaging.
In symmetrical systoems, 1t 1s convenlent to decompose tho
load into symmetric and skew—~synmetric groups. The mo-
monts M; and My applied in the W system are split up
into three load cases, W, W3, and W5, represented in
figures 3b, 3c, and 3d. Of the three cases,only the W,
and Wy systems are of significanco for the statlcally in-
deterninate conputatlon. The W; system distributes the

M, + H
moment M, = —3—5—-1 in proportion to the stiffness of

the forward and rear torsion tubes and needs no further
investigation.

It 18 now necessary to choose the 7 statlc redundan=-
cles. By cutting through 5 sheets, namely, those bounded
by the center end rear spars and the ribvs 1, 2, and 3, 4,
respectively, and the web sheet of the rear spar the sevoen-
fold statically indeterminate system 1s reduced to a five-
fold statically indoterminate systom and a twofold statl-
cally indeterminate base system. The 5 statlc indoter-
ninates, X;, ..« X5, which are made up of the unknown shears
of the 5 sheets cut through are shown 1n figures 4a, b, c,
d.* They are so chosen as to be only slightly coupled with
one ocnother. The equation coefficlents corresponding to
the elasticlty equations thorefore becone

X _ =X _ gX  _ X  _ oX _ !X  _
83,53 = 83,4 =87, =0 and 8, . =85 4 =285,5=0

The remaining coupling members., however, Sf.a. 6§.4. Bf.s,
are also snall in compcrison with Bf.l. ees 6:.5. The

*The use of shears as static indeterminates 1s also found
in referoence 5.
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X,...X, systemp can also be represonted as forge groups by
-loopening the 1ongitud1nal ties in the rear spar at rids 10

and 11 or by cutting the flanges of theé ribs“at the center
apar. .

The twofold statically indetermlnante base system,whilch
consists of a closed torsion tube extending from ridbs 1 to
4, 18 converted into the statlcally determinate null systom
by loosening & longitudinal tie at ribs 2 and 3, The force
groups Y3 end TYg 1in flgure 6 are taken as thoe statlc
indoterminates. - In thls manner, the seven static lndeter-
ninetes are chosen. Y, and Y, are not coupled

(8.2 = 0). In the X; and X, systems Y; = 0, 1in the
X3y X4o and Xg systeme Y, = O. For the W, loading
case Yz = 0 and X5 = X4 = Xg =0, for the W; loading
case Y1 = 0 and X, = X3 = 0., The elnsticity equations
for the loadlng group W,; are therefore

8., Xy + 81,3 X3 + 8%.0

i}
(@]

it
(o]

85.1 X, + 83,3 X5 + 8%,

and for the loading group W,:

8.5 Xy + 65 , X, + 8% _x . +8% ;=0
X X X
ai.a x + 64 4 x4 + 64_5 xs + 84.0 = 0
X b 4 X
8% 4 Xy + B o Xg+ 8% X+ 8% =0

where the Sx and 6 values are to be determined
1.k 1,0

from a simple statically indeterminate base systen. In
the loading case W, and the X, , X; systems, tho elas-

tlclty equation of the statically indetermlnate base sys-
ten 1s

87, ¥, + 81 5 =0

sinilarly in the loading case W, and the X,, X,, Xg
eystenms .

vy ¥y
83,2 I3 + 83,0 =0

The solutlon of the sevenfold staticeally indoterminate
problem is thus reduced to a twofold (#;) oand a three-
fold (W) statically indeterminate problem each with a
simnply indeternlinate base system.
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.
.

For approxinate computationes, the static redundanciles
Y, and Yz of the base¢ system may be neglected. The

static indeterminate Xz for the loading case ; 1
emall and may be set equal to zero. There is then ob~-
talned

- X

8.0

x

1.1

X, 2 -

_an approximate value which glvees useful results for the
nost important loadling case W,. If, instead of the tor~
sion moment M,; of tho W, loading case, two tangontial
forces act as external load on rilbs 2 and 3, there is ob=-
tained as approximate value, since X, =0

x
8a.0

XQ = -
X
63.3

Having determined the force distribution in the W asys-
tem, the characterlstic force groups which arise from the
deformation restraint at rids 1 and 4 and were up to now
neglectced, may be determined in a supplomentary computa-
tion. Thelr effoct on the distridbution of the appliled
forces in the front and rear tubes 1s snell, however, as
will appear from the numerical exanmple in the following
gsectlon.

IV. ILLUSTRATIVE EXAMPLE

The numerical computation will be carried out for the
wing portion shown in figure 6a. Tables Ia to Id give
the thleckness of the sheets and stiffener cross sectlions.
The coverlng and spar webs were assumed as rigld in shear
while the weds of the ribs were considered as tension
fields. Deviating from the system shown in flgure 3, the
covering hetween ribs 2 and 3 in the rear wing portion 1is
not part of a cylindrical shell corresponding to the en-
gine nacelle but has the shape shown in figure 7. 1In this
case, t00, under transverse loading a pure shear stress
conditlion 1s obtained. The shear flow 1is

2
tx = tg %2 ) « The virtual work obtained 1s thus
x
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;/p,ht§n)“t£!). P }F—-(n) (mj Trdd (r a = loH -
. . B_G . . - )

where H'= ‘/p ( > )

an expression which formelly agrees with that for perts

of cylindrical shells. Instead of the entire area that

must be substituted in cylindrical shells, there sesnters

a reduced area with whlch the computation 1s carrled out
as with cylindrical shells. '

?or the numerical computation, various assumptions
were made with reference to the stiffness of the ribs and
the: reduction of the static redundanciles and these are
given in tables IIa, b. If a value M, = 1,000 kg m 18,
chosen for loading case W, (fig. 3b), then the shears
of the ¢overing and spar webs and the flange forces of the
spars are those glven in tableos IIla, b.

4 clear plcture of the effect of the varlous assump-
tions of tabla II 18 obtalned from table IV by comparing

the horizontal components P, &and P, of the flange forces

of ribs 2 and 3 at the center spar. The table also shows
the moment contributions My of the rear tubes obtained
P, + P
from Mp = -2 % h, where h = 69.41 cm 1s the dlstance
2

between the rib flanges at the center spar. If Py = Py,

the force distribution in the covering of the rear tubes
is essentlally given through M. It may be seen that the
flangs forces and the moment in the rear tubes depend on
the stiffness of the '¥lbs, particularly of the flanges 1in
the incompletely bullt~up rear part of the ribs 2 and 3.
For this reason, it is convenlent in the cese of curved
sheet to place the flanges 1in thes roar part of rlbs 2 and
3 outside of the wing profile 1n order to keep the bendlng
moments in the flanges snall so that the flanges becone
stiffer. If the latter are assumed as rigid (case 1), the
moment contribution of the rear tubes is 0.364 M, (case A,
complete restraint against deformation) and 0.343 M, (case
B, no restraint). If they are taken to be elastic (case
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4), the moment drops to 0.126 ¥, and 0.125 M,, respectively.
If, in addition to the flanges in the rear part of rids 2
and 3, the front parte and ribe 1 and 4 are assumed eles-
tlic, the moment increases to 0.185 M, (case 3) and 0.320
M, (case 2) but 1s essentially dependent on the manner of
force application. If ribs 2 and 3 were made complete
over the entire cross section of the torsion tubes then,
for ribs assumed stlff without taking account of the de~
formatlion forces, the moment of the rear tubes would be
0.472 M,.

The deformation restralnt at ridbs 1 and 4 leads 1in
case 1 (sixfold statically indeterminate) and in case 4
(threefold statically 1ndeterminate)_to only small changes
in the moments (from 0.364 M, to 0.343 M, and from 0.126
M, to 0.125 M;), so that the negloct of cells O0-1 and 4-5
appears Justified. Good approximate solutions are gilven
by cases C (twofold statically indeterminate) and D (simp-
ly statically indeterminate) for the shears of the cover-
ing and the spar webs but not for the flange forces which
chiefly depend on the neglected deformation restraint. 1In
an approximate computation, however, the latter are of no
particular lmportance, since they play the part of addil~
tional forces to the main shear stresses of the covering.
Case C 1s then favorably appllied by determining P, and
Py 1in additlion to the moment. If a knowledge of the
moment, however, 1s sufficlient, the simply statically in-
determinate computation of case D will yield useful approx-
imate values.

In loading case Wy (fig. 3d), M; was chosen equal
to 1,000 kgm. The assumptions of loading case W, (table
2) were also investigated with the oxcoption of cases 2,
3, and D The shears of the covering and the spar wobs
and the flange forces of the spars are given 1In tadbles Va,
b. The forces P, and Py are glven 1in tadble VI, which

Py + Py
also gives the moment Mp conputed from ———?;——— h. Only

rough approxinmations are obtained since P, # Py, and

thorefore in the rear tubes no pure torsion moment is ap=-
plied. As in the loading cese W,, thore here also ap-
pears a large dependence of the forces P, and Py and

hence the moment My on the stiffness of the flanges 1in
the rear part of ribs 2 and 3. ¥For rigid flanges (case 1),
Po = £579.5 kg, Py = ¥352.4 kg (case A, complete restraint
against deformation) and Py = *550.5 kg, PFy;= *267.2 kg
(case B, no restraint) and for elastic flanges (case 4)
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Po = x104.2 kg, Py = ¥85.7 kg, and Pg = *£101.3 kg and

— Py = #68.2-kg, -respectlvely. _From these values, 1t may
be seen that in loading case Wy, the restraint against
deformation at ribs 1 and 4 leads to a relatlively greater
change in the forces Py &and Py and hence in the sf-
fect of the rear tubes than in loading case W,;. The
fourfold, estatically indeterminate case B (no restraint
against deformation) still gives sufflciently ‘accurate
values, 8ince there willl generally be no complete restraint
and loadlng case W3 1s much less lmportant than case W,
for the total force distridution. The further reduction
of the statlic indeterminates in case ¢ (threefold stati-
cally indeterminate) by neglecting the deformation forces
in the front tubes leads to useful approximate results for
P, and P, and for the shears of the covering and spar
webs,

V. SUMMARY

It 18 shown that the force dilstributiqn resulting fron
incomplete ribs in single spar wing structures may be de-
termined wlth the aid of the shear fleld method by a statl-
cally indeterninate computation. A numerical computation
ls given of the force dilstribution of a wing structure
whose two nelghboring incomplete ribs with wed missing in
half the sectlon are torslonally loaded. In splte of the
lnconplete ribs, there 1s obtalned a dlstridbution of the
applied forces over the entire wlng cross sectlion which de-
pends conslderadly on the stiffness of the rids, particu-
larly of the flanges 1n the rear part of the tubes and of
tho nanner of applicatlon of the forces on the rib. Tarough
the use of simplifying assumptions, 1t 1s possidle to re-~
duce the nunber of statlc redundanices and thus the compu=-
tatlion work without introducing much error 1lm the results,
If two equal and opposlte moments are applied at the in-
conplete ribs, a onefold statically indeterminate computa-
tion is already sufficlent for odbtaining a useful approxi-
mats value of the monent contribution of the rear tubes.

Translation by S. Relss,
Natlonal Advisory Committee
for Aeronautics. .
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and - Spar Web (see fig. 6a)
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Table Ia. Ratio #,/8 of Thickness of Sheet of Covering

Cell

-
b

Covering

d

Spar Webd
v

h

1-2
3=4

0.930

0.833

0.909

1.0

2-3

Table ID.

»833

Thickness Ratilo
of the Spar Flanges

.833

sc/F

.833

(cm™') of Cross
(see fig. 6a)

1.0

Sections

Front spar
I II

Center
III

spar
v

Rear
v

spar
VI

0.0406 0.03

48

0.0031

0.0038

0.0367

0.0360

Table Io.

.0406 .03

Ratlio 84

{
I
I
|
|
|
48 |

/s

.0031

.0038

.0435

« 0435

of Thickness of Sheet of the Web-~

bing of ribs 1, 4 and 2,3 (see fig. 6b,c)

Riv

{ ! |
| 0-1 ;1~-2 |

2=-3

Panel
4-5

5-6 6-7

7-8

1 and 410.500
|

1.00

1.00

0.500

0.833]0.833

0.833

2 and 3| .313: .6

Table Id.

2]

~

51

fhickness Ratio

+625

8,/ T

«.625

313

(cm~1) of Cross Sections of

Flanges of Ribs.- 1, 4, and 2,3 (see fig. 6b,c)

Rib

0-1 | 12

©—3

Fenel
4.5

5-6 67

7-8 8-5

0.6.%
b

1 end 4 y,q.

0.0261|0.0261

0,0167

D53

0,0148
0162

00153
<0253

0.0260

0.0476

«0481| .0B65

0.G.
2 and 3
U.Go

aupper flange

»0270

PLower flange

0.0238 (8./J =

»0520

0.0588 cm™3)
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Assumptions Made in Numerical Example on the

" "Blastic Behavior of the-Ribs and on the
Manner of Load Application

Ribs 1, 4 end |Flanges 1in rear | Moment application

Case| front half of part of ribs at ribe 2, 3
| rivs 2, 3. 2, 3.
1l Rigid Rigid -
2 Elastic Elastic Yw,
3 Elastic Elastic prIED
4 Rigiad Elastic -

Table IIb., Assumptions

Deformabllity of Doubls Celle and on the
Number of Statlic Indeterminates

Made in Numerical Example on

Fixlty conditions | Assumptlions on the [Number of statlc
Case at ribs 1 and 4 deformatlon forces | lndeterminates
in front tubses and W W
ribs 2 and 3 . 3
A Restralnt agalnst | Deformation forces 6 7
deformation by in front tubes at
assumption of in-| ridbs 2 and 3 taken
elastic cells into account
0-~1 and 4-=5
B 3 4
C Deformation forces 2 3
in front tubes and
D No restraint ° ribs 2 end 3 are 1 -
againet deforma- neglectod
tion at ribvs (Y. =0, Y3 = 0)
1l and 4 | (Case D, X5 = 0)
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Table IIIa. Shear Flows (kg/cm) of Covering and Spar
#ebs in Symmetric Loeding Case W;*
(see fig. 3D)

Covering Spar wed
Cell | Case a b c | d v o h
A |[¥2.89) ¥3.39 | +3.25| *3.66 | ¥6.77 | £3.16 | O
3 B |¥3.56| ¥3.20 | +3.91}| +3.44 | ¥6.84 | £2.97 | O
C |F4.21| ¥3.24 | £4.52 | *3.53 | ¥4.36 | £2.28 | 0
D |F4.36)] ¥3.12 | £4,36| +3.68 | ¥4.36 | *2.32 | O
B |¥6.41| ¥1.12 | *£1.91| *5.40 [ F¥5.46 | £3.68 | 0
1-2 2]C |¥6.90)| ¥1.04 | x2.34 | £5.36 | ¥4.62 | £3.38 | O
D |F4.71| ¥2.66 | £4,71 | =3.13 |F4.71 | £2.97 | O
and
B [F4.51]| ¥1.66 |*4.54 | £1.92 | ¥7.47 | £5.256 ] 0
3-4 3(C |¥5.54| ¥1.57 | £5.50| =1.88 |¥5.52 | £4.49 | 0
D |¥5.52| ¥1.58 |+5.52 | £1.86 |¥5.52 | £4.,49 | O
A |F4.49 | F1.10 (£4,43 | £1.35 IIB.84 +6.40 | O
4 B |¥5.10} ¥1,.,09 [ *5,05 | 1,33 | ¥7.56 | +56.88 | 0O
¢C |¥5.89| F1.11 |£5.82 | *1.38 |F5.86 | £5.12 | O
D |¥5.86| Fl.14 | £5.86 | £1.34 |¥5.86 | £5.12 | 0
2-3 l1-ala-1] o0 0 0 o 0 0 0

Upper sign applies to cell 1~2; lower to cell 3-4,

*Shears in the coverling on the fuselage side of a section
normal to the wing axlis directed opposlite to the flight
direction are positive.

Shears 1ln the covering on the fuselage silde of a sectlon
normal to the wing axis directed upward are positive.
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Table IIIb. TFlange Forces (kg) of Spare in Symmetric
.. .Loading Case W,* (see fig. 3b)

Front spar Center apar Rear spar
Bib| Oase 1 11 III | IV v VI
, | & [+106.6 | -96.8 |~100.5(+98.23  +93.1|-100.7
1| * |B-D
and |2,3|B-D 0 ) 0 0 0 0
4 B-D
4 | A [+119.5 }121.1| -83.0{+91.3| +30.3| -37.0
A | -39.1|+35.4| +36.6|~-35.8| -34.0| +36.9
B | -86.1 |+72.5| +98.2|-93.8|-119.9 [+129.0
11 ¢ -5.8| -5.8| +49.3|-48.9|-121.5 [+132.6
D 0 0 +40.6|-61.5|-117.1 [+138.0
B | +35.9 f132.9| -60.9}868.5| -41.8 [+202.5
2| ¢c| +85.5 | +85.5| -92.7}240.3| -39.1 |+201.2
2 D 0 ) +34.6|-52.4| -99.8 |+117.6
and
3 B |-111.0 F109.7| +89.7{-98.4| -62.1 | +72.0
3| ¢ .6 +.6| +19,6|{-32.6| -58.8 | +70.5
D ) 0 +20.5[-31.1 -59.2 | +69.8
A | -43.6 | +44.2| +30.2{~-33.3| -11.1| +13.6
B | -99.3 | +94.4| +69.7|-81.1] -40.9| +50.1
4| ¢ +1.4 | +1.4| +12.6|-25.6| -41.6 | +51.7
D 0 0 +14,.8|-22.4| -42.6 | +50.2

*Tenslons 1n the flanges are posltive.
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Table IV.. Horizontal Components P, and P, of Flange
Forces of Ribs 2 and- 3 at. Oenter_ Spar and
Moment My of Rear Tubes in Symmetrilc
Case W,
A B D
Case P P P P;
0 o 0
Py Mp Py Mp Py Mp Py Mp
+548.7 +517.5 +524.1 +506.4
1 0.364 0.343 0.350 0.351
M, M, X, M,
-500.9 -472.3 =-485.6 -505.4
- +180.5 +168.7 +430.7
2 _ 0.320 0.314 0.299
| My M, My
- -741.6 -736.8 -430.7
3 - 0.185 0.178 0.178
M, M, M
- -263.7 -258.1 ~-255.7
+178.3 +176.4 +179.6 +183.8
4 0.126 0.125 0.128 0.128
M, M, M, |-18%.8 | M,
-185.5 ~183.4 -189.1
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Table Va. Speq; Flows (Fg/cm) of Covering and Spar Webs

in Antisymmetricael Loading Case Wz*
(see filg. 3d)

Coverlng Spar webd _
Cell| Case a b o a v n h
c =el2| ~.491+1.16]| +.27 -,64| +1.68 | -3.56
and
A -.99| +,83] +.99| =.32 | =2.11| +3.48 | -3.65
3-4 14 B -.65] +.96} +.77) -.74 | ~2.61 | 4+3.49 ; =2,81
C|-1.27| +.96|+1.38] ~.72 |=-1.32| +2.95 | -2.86
Al +2.63|+2.88({~3.79 =1.49 $+5,40] =-2,94 -,07
1 B +2.96 +2-96 "4.18 -1-76 +5.32 -3-66 +1.84
C|+3.48|+3.01}{-4.68|~-1.82 [ +4.08, -3.10 |+1.93
2-3
.A- |+3.98 +l.47 "411:: -.94 +6-74 "4.54 "'.85
4 B +4.22|+1.59|=4.36~1.24 |+6.49 | -4.94 +.,68
C!+4,91|+1.61{~5,03~-1.27 (+4.97 | -4.28 +.71

*Shears in the covering on the fuselage side of a sectlon
normal to the wing axls directed opposite to the flight
directlion are posiltive.

Shears 1n the covering on the fuselage slde of a sectlion
normal to the wing axis directed upward are positive.
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Table Vb. Flange Forces (kg) of Spars in Antiaymmetrical
. Loading Case . W,* (see fig. 3d)
Front spar Center spar Rear spar
Bib | Oase 1 11 II1I IV v VI
A | ¥53.1 | ¥40.7 ¥8.2 | t52.5 | t122.9 |¥156.4
1 B-C 0 n 0 0 0 0
and
4 A | ¥47.7 | *42.7 0.5 | t26.1 £89.8 |¥110.,4
B-C 0 0 0 0 0 0
A F¥90.2 | t52.5 t96.0 | ¥%8.9 8% ,4 t54.0
B ¥76.9 |+37.% | £110.8 | ¥61.6 | ¥147.8 |*138.2
2 C 719.5 | ¥19.5 +77.1 | ¥29.7 | ¥152.2 |f14=%.8
and
3 A ¥89.5 | ¥84.5 +61.8 | ¥55.°2 ¥lo.1 14,5
B F7%.6 | £69.0 +70.5 | £72.9 ¥69.2 £77.%
c *¥2.0 ¥2.0 *27.1 | ¥%1.9 ¥70.8 +79.7
*Tenglons in the flanZes are positive.
Table VI, Horlzontel Components P, ~and Py of Flange
Forces of Ribs 2 and % =t Center Spar and
Moment My, of Rear Tubes in Antlsymmet-
ricel Case Wze.
A B
Case P P P
o o o
Pu My Pu My P'IJ. Mp
£579.5 t550.5 *566.7
1 0.32% !a 0.284 !a 0.296 M,
¥352.4 ¥267.2 ¥r87.4
+104.2 £101.73 £104.8
4 — 0.066 M, N0.069 M, = 0.063 ¥,
¥85.7 ¥68.2 +75.6




Figs. 1,2,3,5
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Figs. 4,6,7
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Figure 6a to ¢

(c)

Figure 7.~ Portion of covering sheet.

Figure 48 to e.~ Static indeterminates

X] to X5 (There are

shown only the shears at an edge).
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