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SUMMARY
ose

The purpose of this stress analysis is to determine the maximum probable load
factor for which the wing of the MIG~13 Airplane was designed.

Factual Data

This report was prepared by Cornell Aeronautical Laboratory, Inc., Buffalo,
N.Y., under Contract No. AF 33(038)-16993. Because of manpcwer limitations, the
work was not refined tc the extent to which it was originally planned. This ap=
plies particularly ito final selection of the proper amount of effective gkin in the
section properties.

‘The work 1s divided into three sections: the determination of section proper-
ties, calculation of unit bending moments, and the computing of permissible design
load factors, as indicated by the strength of separate elements. The procedure as
outlined in Reference 3 1s followed essentially, and 1s described in detail below.

Piscussion

In order to determine the bending strength of a panel, sections at three loca-
tions are analyzed. The section at the fuselage center line is a build up I-bean,
whereas those at stations 117.5 and 179.4, approximately normal to front and rear
spars, consist of conventional built-up beams, angles and skin. Section proverties
are determined for normal flight, using allowable column buckling stresses and ef-
fective skin, according to the method indicated in reference 1. TFrom these allow-
able and section moduli, allowable bending moments are calculated. The amount of
moment relief afforded by the ring bulkhead to Station O is assumed to be negligible.

For a l-g condition at a gross weight of 10,200 pounds airload normal moments
are then found, assuming a constant airload distribution over the panel. Drag load
moments and the effects of angle of attack are ignored. Similarly dead-welght wing
moments are computed. At the time this work was done, dead weight distribution da-
ta were unavaileble, therefore, a distribution for another airplane was adapted.
Finally, at contact points of the sections being investigated, "allowable" bending
monents already determined are divided by net moments representing a 1l-g loading,
thus giving a permissible load factor.

The next step would be to increase the amount of effective skin when the crip-
pling stress has not been attained, and to decrease the effective area of compo-
nenta like the rear spar at Sta. 179.4, which are much less effective then the first
determination of section properties indicate. This step was not accomplished.

In the determination of allowable stresses, the material of the skin and string-
ers vas assumed to have the same properties as 24ST aluminum alloy, an approximation
substantiated by reference 4. The ultimate load factors, as computed from allowable
stresses of critical items at the selected wing stations (Ref. P. U0) are recorded
and the locations identified below.

T53.2510
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ULTIMATE LOAD FACTORS

Sta, 117,5

o 8 O O W »

Main Beam

12.9
12,6
13.0

14.4
24.6

| Sta. 179.4

17.3
15.2
14.6
13.7
9.15%

10.75

#Effective area for this item should be reduced.

753-2510
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Conelusions

It appears that the ultimate load factor for the wing would be approximately
12, except for the fact that the factor for the carry-through steel beam is only
10.75.

However, it may be pointed out that this discrepancy does not exist if limit
load factors were the criterion of strength. Using the data from reference 4, for
the steel bean,

N (Limit) - 160000 x 10.75 - 9.6

180000
and for the panel
N (Limit) = 49000 x 12 = 9.4
3000

T53-2510
3
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SECTION I
WING SECTION PROPERTIES

Area of oross section, square inches

Width of sections; subsoript "bending®

Fixity sufficient for columns

Distances as noted

Modulus of Elasticity in tension

Allowable compressive stress of column

Allowable critical buckling stress

Crippling stress for complete section

Heat Treat

Yoment of Inertia about ax Axis

Moment of Inertia about x centroidel principal axis
Product moment of inertia about, centroidal axes
Moment of Inertis about yy axis

Moment of Inertia about y centroidal principal axis
Length of column

Bending Moment due to Air Load

Totel Bending Moment (1G condition)

Bending Moment due to dead weight

Load Factor

Dynamic Pressure (psi)

Thickness

Sheet Effective Width

Weight

Chord Reference axis

Chord Centroidal axis

Perpendicular distance from x principal axis to given fiber
Wing vertical reference axis

Wing vertical centroidal axis

Perpendicular distance from y principal axis to given fiber
Distance from neutral axis to given fiber

Angle between centroidal x and y axes and centroidal prin-
cipal x and y axes

Radius of Gyration

Summa tion

4
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MAIN BEAM CROSS SECTION - FUSELAGE CENTERLINE

3267

|

}
+ '
537 — 25
1. 469 / 7
42187
Mat' . .Sree/ 320 ‘ y-4-29
Ave. HT. = /74000 p.si.
ALUMINUM T5ST .064 —o]la— 6.375
eef x’ _ LF ' Y
Le en#ra/'o’a; Axrs B l
8.9375
1 ]
1469 1375 9l é ||/
|
i‘"——: N

.59¢4 — , 25

l j " /3

L 4 \
1]
-33‘ | ————e /'8/1 = o
. Fig. 1
|~ 2.5625
T53-2510
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Section Froperties - Muselage Centerline
Main Beam (Ref. P. 5)

= 6] 2 3 ) (5)
Item ' y! Ay! Ay'2
L (30x Q)
l 3.52 X 03” 101& 4405 4072 19.10
2 25x 0587/2 0073 3086 28 1.09
3 .25 x .587/2 073 3.86 .28 1.09
4 0587 x 1.812 10%2 3031 3050 11.53
J‘? 0320 p 4 1047 0470 2057 1.2 3010
1.375 x .064/2.8 .031 2.52 .07 «20
7 1.375 x 064/2.8 .031 2.52 07 «20
8 1047 b 4 032 0470 -2.56 =1.20 30%
1.375 x .064/2.8 031 | =2.50 - .07 «20
0 1.375 x .064/2.8 031 | -2.51 - 07 «20
1.812 X 0594 10075 -'3059 -3086 13.80
2 .59 x «25/2 074 | =3.69 = 27 1.01
3 1.375 x .064/2.8 031 | -3.69 - J1 42
1,190 5 1 =4.82 1.2.;59‘___-.(21.3ﬁ
Z__ | _S.806 = 2279 Zha50
*Adjusted for steel by modulus ratio.
? = z n' = :m = -0048 mo
ZA 5.806
Iy = SN2 + ZIy - ZN
= T4 +  .255 - 5806 x (-.048)2
= 74,755 -  .013
= V4.7 in4
T53-2510
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SECTION PROPERTINS - WING STATION 117.5
(Ref. P. 7)
E x Y > = -~ = —
1 2 3 4 5 6 7 8 9 '
| Item | & | 9y | oyt | A | x| oaxt | oaxt? y!
1 om 30156 094 2095 -11 cOl -3.28 3601 "1003
2 0298 3.[‘84 1.04 30& - 5084 -1074 10.1 - 600
3 0298 40281 1028 5048 - 2025 - 067 105 - 208
4 <130 4.578 <59 2.7 1.78 23 o 1.0
5 0115 30312 038 1.26 - - - hd
6 156 3.812 59 2.26 .70 .10 .0 A
7 195 3.312 64, 2.1 12 .02 0 0
8 «058 3.234 .18 .60 «23 .01 0 0
9 0067 3.703 024 091 073 005 .0 01
10 .981 44190 4ol | 17.25 1.18 1.17 1.3 49
11 o425 4547 i.93 | 8.8 3.60 1.53 5.5 6.9
12 o425 44625 1.96 9.10 7.12 3.02 21.6 13.9
13 425 4,656 1.98 9.20 10.17 4.33 4.1 20.2
1 425 4.656 1.98 9.20 13.04 5.55 T72.3 25.8
15 o425 4.578 1.94 8.72 15.96 6.80 | 109.0 3.2
16 425 44453 1.89 8.43 18.89 8.04 | 152.0 35.8
17 o425 4.281 1.82 7.83 21.76 9.22 | 200.0 39.5
18 425 4.015 1.70 6.84 24.70 10.50 | 259.0 42.1
19 o425 3.78 1.58 5.86 27.28 11.60 | 316.0 432
21 .039 3.29 12 40 31.90 1. 24 39.8 4.0
2 570 3.156 1.79 5.66 31.25 17.80 | 554.0 56.0
23 214 2.969 63 1.88 31.25 6.68 | 208.0 19.8
2,1 1.000 2.500 2.50 6.25 30.07 30.07 | 906.0 75.2
25 .139 2.797 39| 1.08 31.78 442 | 140.4 12.4
26 065 2.469 16 39 32.18 2.09 67.4 5.1
27 .113 2.703 <30 .82 30.03 3.38 | 101.8 9.2
28 0228 -3 00910 - 070 2018 30078 7003 21602 -21 07
29 0375 -2-922 -1 o09 3018 30-78 1.1055 35600 "'3308
30 0111 -20750 - 030 084 30178 3042 105 04 - 9.4
31 0156 -105107 - 024 .37 30003 4073 14004 - 7-2
3R «390 -3.281 -1.28 420 26.81 10.45 | 280.0 =34.3
33 . 393 -3 ‘484 -1 037 4.78 23 018 9 .12 212 00 -31 8
34 3% =3.578 | -l.42 5.07 19.62 7.76 | 152.5 -27.8
35 0419 -30703 "1055 5070 15.53 6.50 10100 "'2400
36 ‘401 "3 0734 -1 '49 5 . 57 11 . 57 1&065 53 07 -17 02
37 0417 -3 0703 ‘-1054 5.70 70% 3.30 2602 -12 l
38 0168 -306101 - 061 2-22 2057 043 101 - 105
39 0670 -30672 -2046 9.00 1.68 1013 101 - 401
40 0184 -l 0969 - 036 071 - - - -
41 a188 -2 n133 - 040 85 012 002 .0 - 00
42 0203 -2 0633 - 053 1 40 062 012 .0 - 03
43 0%2 -‘2 0031 - 012 '25 023 001 00 - 00
M -058 -205w - eu 036 073 004 .0 - cl
45 10210 "3 0106 -3 076 11 060 089 1008 09 - 303
46 0554 -3 0156 "1075 50& - 6012 -3.39 20.7 +10.7
|47 .55 | -gufo | -1.36) 3,38 |-20.93 ] 6611 786 | 416.3 |
Z $10,67 204,26 288,46 [5120,7 I4244.] |
753-2510
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Zhy! = 20,67 = L6713 (Ref. I - P. A3.11)
ZA 15.836 (Ref. P. 8)

Zay'? - 24 (3)2 (Ref. I - P. A3.11
204.26 - 15.836 (.673)2 (Ref. P. 8) 43.11)
204.36 - 7,2
197,26 iu.t
Z Ax! = 188,46 = 11.9" (Ref. I - P. A3.11)
ZA 15.836 (Ref. P. 8)

Sax'? - 2 (%) (Ref. I - P. 43.11)

5126.7 - 15.836 (11.9)2 (Ref. P. 8)

512607 - 2250

2876.7 in.4

Zax'y! - ZAyx (Ref. I - P. A3.11)

24413 - (15.836 x 673 x 11.9) (Ref. P. 8)

24413 -1

117,13 in.

= 2Ly (Ref. I - P. A3.11)

Iy - Ix

28'7607 - 197016
= g“:i = 00877

2679.5
= 50
= 2.5

Ref. I -

I, Cos?¢ + I stn?®$ - 2L, sin¢ x Cosd (P. 43.11)

197.26 x (.99)2 +  2876.7 x (.0436)2 -[234.3 x .0436 x .999]
197.16  +  5.45 - 10.2

192.41 in.4

(Ref. I -
Ig sin?¢ + Iy Coe?¢ + 2Ly eind x Cosd  P. 43.12)
197.16 x (.0436)2 +  2876.7 x (.999)2  +[234.3 x .0436 x .999]

37, + 2876.7 + 10.2

2887.3 in.4
7532510
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SECRET

Segtdon Propertiea - Wing Staticn 117.5
Bulb Angle Section - Items 1, 2, 3. (Ref. P. 7)
1 .083
Element B (Ref. I - Mg. B5.13)
bp = 917 = 1 ) / = 48,750 psi (Ref. I -
z§ .083 o2 Fig. B5.13)
Fos = (Fory B + Fory b2) (Ref. I - P. B5.7(6) )
b + b
Foq = +
o8 -1615
Fos = 71,100 = 44,000 psi for Bulb ingle
1.615
Effective Skin
v = 1.7t » 3 (Ref. I - P. B4.2(6) )
rca
= 1.7 (.070) 1.82 in.

T753-2510
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Section -

Section Properties (Ref. P. 10)

Iten A y' ‘,l ‘yl‘ x! Ay
42070 21271 2035 | .004 [ .0001 | .432 | .0
(.083) .0s8[ 207 1.006 1.0007 | .432 .0
.!E ’ 3 0%3 '“5_ _].Qgg__._mai_. -—Im_
yARETAD = R RN o
¥ = Zi = 08 = .28 (Ref. I - P, A3.11)
Zh 294,
b 4 = DAyt = m = 30"
zéf' o294
In = z%|2 - 2*2 (Rof. I - Po B.ll)
Ix = 054 - .294 (.28)2
= .03 in.4
P = = = .326 in. . I-P. A3.
\[Efs 2 (Ref. I - P. A3.5)

Column Allowable Buckling Stress
Using the Johnson Column Formula

Fo = Fos -  (Fop)? x ()2 (Ref. I - P. B6.4(3) )
LCir <E
Fo = 44,000 -  (44000)2 (“l?hg)2

2 O G.12)2(10.53 x 10°)

= 44,000 - 2620 = 41,380 psi
Revised Effective Skin
v = 17t V E (Ref. I - P. Bbu4)
Fc

1.7 (.07)‘,10‘1:.1(& = 1.88 in.
4.138 x 104

Total area A = .167 + (1.88 x .07) = .298 in.?

T53-2510
n
SECRET



SECRET
Technical Report No. TR-AC-17

Section Properties - W Stati

Bulb Angle Section - Items 11, 12, 13, 14, 15, 16, 17, 18, 19. (Ref. P. 7)

070

ef X A

Ll Ll Ll A L R L7777 RI7I7/7

ITHLILL1LLAHAMHALY (L1103 04Y A111R AAALLLRLRRLRAY &
o IS ISP

-]
4
d T.-z4z
yI
Buckling Stress
Klement A
b = 68 = 59
t1 083 + .035

ch = 43,000 psi

Klement B (Ref. I - Fig. B5.13)
o= QI = u
Fop = 000 + 0 x 083 x .

8
.698 x .118) + (.917 x .083)
(Ref. I - P. B5.7(5) )
Fes = 2340+ 3700 = 7250 = 45,900 psi
©.0824 + .076 1584

Effective Skin

' - 1-7 X 0070 m—x—%
u4.59 x 1 (Ref. I - P, B4.2(6) )
' - 1078 mo

12
SECRET
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Secti -
Section Properties (Ref. P. 12)

Iten A y' Ayt Ay 12 x! Ayt
51 035 | 0044 | 00015 .432 1.0
a0 ot oo o0
| 2058 | 177 | ,00)0 | .Q01821 .432 |
2046 13,015 10467 1047401 121
y = 09 = 234 in. (Ref. I - P. A3.11)
WAL
X = 22431 = «339 in.
0417 .
I = Za? - ZAG)P (Ref. I - P. A3.11)
Lx = 067 - (.7 x (.234)2)
In = 0%7 - 0023
Ix = .04 in.4
P = [0 = .32 in. (Ref. I - P. A3.5)
0417
Column Allowable Buckling Stress (Ref. I - P. B6.4(3) )
2
o = 45,30 - (5,%0%x (WZE)”  (aer. P, 12)

4Lx2x (3.14)< x 10.3 x 10P

- 23,2 x 1011
45,300 8.1 x 10

a
n

F. = 45,900 - 2860 = 43,040 psi
Revised Effective Skin

v = 1.7x .00 10.3 x 1&6 (Refs I - P. B6.4)
V4.301. x 1 ‘

v = 1.8, in.
Area of Skin and Doubler
A = 1.8, x .40 =  .258 in.?
Total Area = 167 + .258 = 425 in.?
753-2510
13
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ction Pro es -
Pront Spar Section - Items 4, 5, 6, 7, 8, 9, 10. (Ref. P. 7)
of x' N )
2573 2
/.00~ 156
1250 3 _9375__¥ 0625
&— | 5 &) Stee/ Angle
7
092
Buckling Stress
Element A
= ‘= 6.3
?1‘ 359
(Ref. I - Fig. B5.13)
Fepy = 42,500 ¢
Element B
b = 9215 = 4.3
% o=
F = 46,500 psi
cr2 70 P (Ref. I - Pig. B5.13)
Element C
b3 = = 3.5
R
Forg = 49,000 psi (Ref. I - Fig. B5.13)
T53-2510
VA
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Section Properties - Wing Statiop 117.5

Feg = + +
2.28x.359)+(.937x.218)+(.938x.264
Feg = 56,450 = 44,500 psi (Ref. P. 14)
1.272

Effective Skin

= 6 -
w = 1.7 x .070 3 1 -

L5 x 1%0 (Ref. I - P. B4.2(6) )

W = 1-81 in.

Section Properties

Ttem A y!
—'ﬁ%-—l%é—& (Ref. P. 14)
0156 lm
195 | 1.30
Ca
067 1,
2981 | 400 |
» 8 !-.632 1‘024
o= Lo = 633
1.698
L = Zh2 - ZMP (Ref. I - P. A3.11)
e = 2968 -~ (1,698 x (.633)2)
I = 968 - .68=  .288 in*
‘p = 42& = .412 in. )
V1.698 (Ref. I - P. 43.11)

Column Allowable Buckling Stress

2
Fe = Fes - Fes x!ehz (Ref. I - P. B6.4(3) )
bcn<B

2
Fo = 44,50 - (44,500) "(Mi.’la!
8.1 x 10
F, = 44, ,500 - 1670 = 42,830 psi
1753-2510
15
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=¥

Revised Effective Skin

v = 1.7 ¢ rL (mf. I-P. “04)
(]
v = 1.7 x .07 \’10..2_1_1&. (Ref. P. 15)
4028 x 1l
w = 1.85 1!!-
Area of Skin
A = 185x.07 = .13 in.?

Bear Spar Section - Items 20, 21, 22, 23, 24, 25, 26, 27. (Ref. P. 7)

/31
K"— 2.281 ~ 094
AN @ @ 25— .03/
. | Loi_t
ZZrpz 4
/ ' Loz
/.54 —99¢—=t=l ;062 —,'50 id
1.00 1
) | 26
_1
24
078 —=] l-—
Buckling Stress
Element A
b = 2.187 = T4
t1 «297 :
Fory = 40,000 psi (Ref. I - Fig. B5.13)

T53-2510
16
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Section Properties - Wing Statiop 117.5
Klement B
= L0 = 7.5
For, = 40,000 psi (Rof. I - pyg, B5.13)
Klement C
= = 8.1
% i (Ref. I - Fig. B5.13)
rcr3 = 39,500 psi
Element D
by = 130 = 3.8
;: 31 (Ref. I - Fig. B5.13)
Fcr‘ = 48’5m psi
Fog = X297 }1+(48,500x, 5 +40,000x] . +
20 87:0297 + 05Xo131 + lomXQIBB)"'

"~ (Ref. I - P. B5.
1.062 x .131§ : ( 5.7 (5))

Fea = 32,990 = 40,500 pei

.987
Effective Skin
v = 17x.010 |10:3x 1_86_

(1..05 x 1 (Ref. I - P. B4.2(6) )
w = 1.90 in.
T53-2510
17
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Seotion Fropertiep - Wing Station 117.3
Section Properties (Ref. P, 16)

Item Aoy | A AR
_Jﬂ_._zm_amﬁ__:ﬁ
_&32.._&81__%:

o570 | .222 02681 |
L2004 | ,O4) | .0885 |.0890
1, JA31] 1391 .506 | .0704 {.0356)
R e
Z 11.37 [¥=.378 | .519 |.2945]
y = Z ! (kr. I-P. B.ll)
by
y = = «378 in.
1.374
Iy = ZA2 - z,A,z (Ref. I - P. A3.11)
g = 2945 - 1.37% x (.3718)2
Le = 2945 - .195=  .0995 in4
P = v
{zi‘ (Ref. I - P. A3.5)
= 10995 = 269 in.
1.37
Column Allowable Buckling Stress (Ref. I - P. B6.4(3) )

8.1 x 10
Fa = 40,500 - Zﬁ-Z.Ll!%l
¢ ’ 8.1 x 10

3240 = 37,260 psi

)
1]

40, 500

1753-2510
18
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Section Properties -~ Wing Station 117.5
Revised Effective Skin

w

A J

6
1.7 x .070 gﬁggzi:ﬁgaz

1.98 in.
Area of skin A =

19
SECRET
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(R.f. I - Po %04)

1.98 x .070 =

(Ref. P. 18)

138 in.?

T53-2510
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LET ~A}= g0

€ "8ig

(¢ #63) #°6L1 VLS ONIM - NOILOFE

040/g 221145 uiys

urys 190

Yy
Vi3 \\““
o/

e ||7€
L L i

€/
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SECRET

8 - I
1 2 3 4 5 6 7 8, 9
| Iven | A A L L U N L O I

1 OuB 20250 -547 10235 -11 0187 .2072 30010 - 6-12
2 024'3 3 0156 0765 2 04»05 - 601% -1 049 9 02 - 4072
3 ou3 3.453 0840 2.890 - 20%4 - 072 2.1 - 20 50
4 077 3.890 «300 1.17% 641 .04 .0 19
5 .187 3,781 »706 2.675 656 .12 .0 4b
6 0150 3 0640 . 546 1 0980 c656 009 «0 035
7 0109 3 0125 0340 1.060 0094 001 - 003
8 . 0%7 30250 0218 0710 - - - -

9 02‘3 30875 «940 30640 60844 1.66 11.3 6042
10 o243 3.969 <965 3.840 11.812 2.7 33.8 11.00
1 243 3.922 «953 3.740 16.719 4,06 68.0 15.90
12 243 3.609 876 3.160 21.596 5.25 | 113.0 18.90
13 097 3.453 0235 1.160 26.000 2.52 65.8 8.7
14 051 3.359 171 <575 26.031 1.33 3444 4.4
15 .058 2.937 .170 +502 25.560 1.8 37.9 435
16 .058 2.937 «170 «502 25.500 1.48 37.6 b3l
17 0355 -2.800 -0995 20770 250946 9022 238 -0 -25 080
18 .058 -2.750 -.159 437 | 26,033 1.51 | 39.2 - 4.15
19 | .116 -1.812 | -.210 380 | 25.500{ 2.96 | 75.5 | - 5.36
20 .586 -3.000 | -1.760 5.280 20.096| 11.78 | 237.5 =35.40
21 0586 -3 0156 ) "'l 0850 508% 14-000 8020 115 eo -250%
22 0586 "3 0125 -1 '830 5-700 7-625 4.47 31000 -13094
23 o‘% -20953 -1 0445 4.260 0562 027 ‘.1 - 081
24 0178 "'2 0953 - 0525 10550 205& ou lel - 1.31
25 0148 -2 08“ - 01}20 101% 10&7 n25 04 - 071
26 0292 “2 u828 - 0826 20340 0625 018 01 - 051
27 0146 “2 0625 - 03810 l 0010 0625 nw .O - o24
28 0132 -2om - -264 e 528 0”4 001 .0 - 002
29 0116 -1 0937 - 0225 -436 - - - -
30 0165 -2.2% - 0379 -870 - 60281 -1 003 605 "’ 2038
31 0165 -l 0719 - 0284 -487 .11 0250 4 086 20 08 + 3 .20
32 «203 2.10 o426 8% 34.810 7.06 | 246.0 +14.80
33 <041 2.03 .083 .168 34.820 1.43 49.6 2.90
34 037 1.66 <061 .102 34.240 1.27 43.3 2.10
35 0041 -1 077 - 0072 0128 34-830 1'/03 4906 - 20 51
36 0074 - 086 - 0063 0055 340240 2053 8606 - 2-16
37 =2:18 - 499 gllﬂ 31.9401 14.50 .Ilﬂ +Q =3] |&
Z 17,488 =3.210 | 67,830 79,6 1215%.3 | 63,26

T753-2510
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= =428 in, (Ref. I - P. A3.11)

Yy = =3.21
7.488 (Ref. P. 21)
I = ZAy'R - 2ax(3)2 Ref. I - P. A3,11)
i~ 6”{8 -17.5 :‘:’%—.428)2 : Ref. P. 21)
= 6708 - 1 31
= 66.5 in.b
g = 196 = 10,62 in.
7.5
I - zhz-zAx (x)z Ref. I - P. Boll)
o As.3- 7.5 x (10.62)2 Ref. P. 21)
= 215103 - 8‘7
= 1304 in.4
= Zhkx'y'- ZAxIx§ (Ref. I - P. A3.11)
Iﬂ = -630% - 7.5 X 10062 b 4 -.m (bfo P‘ 21)
- -63.% + 3401
= -29016 111.4
Tan29 = 21
5% (Ref. I - P. A3.11)
Tan 2¢ = -58.22 = -.0472
1237.5
$ = 2220
Ip = IxCos?¢p + Iy sin®d - 21y sing x Cos¢ (Ref. I - P. A3.11)
Ip = 66.5x (.99)% + 1304 x (.0236)% -[2 x - 29.16 x - .0236 x .999]
Itp = 6605 + 073 - 1.37
Ip = 66 iné
Ip = I sin®$ + I Cos?d + 2Ly sing x Cos¢ (Ref. I -P. A3.12)

p = 66.5x (.0236)2  + 1304 x (.999)2 +[2x-29.16 x -.0236 x .999]
= 037 + 1304 + 1.37
= 1305 in.t

753-2510
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Section =

Bulb Angle Section - Items 1, 2, 3, 9, 10, 11, 12.

&

p— 139 —

@———__ i
@ Tzn
ql
Buckling Stress
Element A
= ﬂ = 804
n -
rorl = 38,000 psi
Element B
= 917 = 11.0
2 -
rcrz = 48,750 psi
Fes = (Flbl'.' ?222)
by + b
Fc' - (3 + [
698 + 917
Fosg = 21,100 = 44,000 psi

1.615

23
SECRET

(Ref. P. 20)

(Ref. I - Fig. B5.13)

(Ref. I - Fig. B5.13)

(Ref. I - P. B5.,7(6) )
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)

Effective Skin

(Ref. I - P. B4.2(6) )

w = 1.70 x .053 |10.3 x ]%6 (Ref. P. 23
beh x 1 )
w = 409 x15.3
w = 1.39 in.
Section Properties (Ref. P. 23)
Ttem | Area 7 Ay A'e x! Ayt
074 .026 .002 .0 o432 .0
oOﬁ ‘o% 0m5 00 0422 002
.063 o432 .027 013 041 .00
.046 .932 .043 .040 121 .00
| 241 |y = 077 053 |x= .270 .06
y = ZA&v = 07 = .321 in. (Ref. I - P. A3.11)
ZA 241
- - ZAx' = M = 0270 1!1-
X
b3 Y 241
- 2 - _2
Ix = ZN Z iy (Ref. I - P. A3.11)
Ik = 4053 - .20 x (.321)2
L = <053 - .025
I =  +0283 in
p = Mr_II (Rafc I - P' Bos)
A
p = 20283 = 344 1n.
+2406
Johnson's Parobolic Equation
L
Fo = Fog - Foa? D (Ref. I - P. B6.4(3) )
Lem 28
1752
Fo = 44,000 - (44,0007 X( 2 ) (Ref. P, 23)
4 x2x (3.14)° x10.3 x 100
rc = M,Om - 2800
Fo = 41,200 psi

T753-2510
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Sec 0] - W 0

Revised Effective Skin

w = 1.7t \IL (Ref. I - P. B6.4)
Fo

v = 1.7 x 053 lQa}_&—.l—gT = 1.43 in. (Ref. P. 24)

412 x 1

A = 1.43 x .053

A = 0076 in'z

A = ,167 in.? (Ref. P. 24 b, c, d)

A = .243 in.? Total Area

Buckling Stress of Skin Between Rivets

Rivet Spacing = 1.00 in.
F, = Inter-rivet Buckling Stress of Skin
F, = 43,000 psi (Ref. I - Fig. B4.4)

Typical Buld Angle
Column AlZowable Buckling Stress

.24 3t (Assume
S caluminum 7S
extruded 5/m,oe)

753-2510
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Sectio ieg - W. S

Section Properties (Ref. P. 25)

<
"
F

(Bﬂf. I - Po 0011)

0398 1!1.

-
[[]
%
~
n

"
[\
T
N
'

Z a2 (Ref. I - P. a3.11)
167 x (.398)2
.0264,

"
;
L]

S F K
] n
5
bl

W

(Ref. I - P. A3.5)

"
W
%

35.8

o
L[]
w
N
o]
]

F = 37’500 p’i (Rﬂf. I - ngo 31.10)

T53-2510
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Section Propsriies - Wing Station 179.4
Front Spar Section - Items 4, 5, 6, 7, 8. (Ref. P. 20)

Ref x’

WO T TN T TIE T O IS

Buckling Stress

Element A

b = = 5.3

;i‘ 125 + .J.gﬁ
Fory = 44,500 psi (Ref. I - Fig. B5.13)
Element B

-b& = ’325 = 507

t2 125 + ,an
Fes = M&?&M%@Mm (Ref. I - P. B5.7

1.078 x .203) + (.875 x .154) (5) )
Fog = 2150+ 2940 = 1300 = 44,300 psi
354 354

T53-2510
-2 -
SECRET
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Section Propertieg - W S

Effective Skin - Item #4

v = 1.7% il' (Ref. I - P. B4.2(6) )
o8
¥ = 1.7x.053 ||10.3 x108
WEEET (Ref. .P. 27)

w = 0‘79 X 15'3

w = 1037 in.
Section Properties (Ref. P. 27)
I_Itom A A Ay A<

y = ZAn = 194 = .326 in.
ZA 0595

Ix = ZAR - Zag?

L = 1027 - .595 x (.326)2

Lex =  +040 in/é

p =

-In - M = 026 j-no
v A <595

Johnson's Parabolic Column Equation

2
Fo = Fos - Fol? "(L
4LCn< B
= 2 75| 2
Fo = 44y300 - (44,300) x(luf)
8.12 x 1
Fo = 44,300 - 4950 = 39,350 pai
T53-2510
28
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(Ref. I - P. A3.11)

(Refo I - Po Boll)

(hf. I - Po 005)

(Ref. I - P. B6.4(3) )



Sec -
Revised Effective Skin

 J =
= 1.6 in.

A = 1.46 x .053
= 077 in.2
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1.0 x 053 J20,3 x20°
3.935 x 104

M M &Oﬁm - Itm 13, u, 15’ 160

Vel 22l ol

D"’I,,“

NN W

V222 P04

Buckling Stress
Klement A

= 81

e -

rcrl = 19,500 psi

s o re
""""""

15.05

9

SECRET

(Rof. I - P. B6.4)
(Ref. P. 28)

(Retf. P. 20)

(Ref. I - Pig. B5.12)

T53-2510
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Section Properties - Wing Station 179.4
mmnt B

tz 0087

(Ref. P. 29)

(&fo I - Fig. 35012)

) J =
- .(12.59%84.9,%,‘ i + 400K, U2 (R.r. I-P., B5.7

Fos = 990 +2580 = 2570
0507 + .0819 1326
F._ = 26,900 psi

Effective Skin Width

v = 1.7 X 0053

W = 1.77 in,

Section Properties

(Rof P. 29)

(Ref. I - P. B4.2(6) )

(Ref. P. 29)

(Ref. I - P. A3.11)

(Ref. I - P, a3.11)

Item A | 7
1.77 x .053 .09, 026
051 .082
058 .553
0 ,058 .553
2| 2600 [¥y=.272 [,0708 |,
yo=
ZA
¥ = 2071 = R72 in.
»261
Igx = ZAylz - Zlyz
Lo = 0% - (261 x (.272)2
Ly = 0% - .0193 =  .0167 in.4

753-2510
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Section Properties - k)
p - h (R.f. I"Po DQS)
“ A
= (Ref. P. 30)
«261
= 0253 in.

Column Allowable Buckling Stress

2
Fo = Fog - Fos?x
4__2(.5.)__”1 Z (Ref. I -~ P. B6.4(3) )
Po = 26,90 - (26,900%)x (ME” !2 (Ref. P. 30)

8012 x 1
F, = 24,980 psi
Revised Effective Skin (Ref. I ~ P. x.z,).
v = 17x.05 {20.3x106
2.498 x 104
v = 1.835 in.
A = 1.835x.053 = .097 in.?

Alleron Closure Spar - Items 32, 33, 34. (Ref. P. 20)
' 053
errrradagzrrrrer —

I 4 T
963 B
o—|
e - 087
yl

T53-2510
A
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Sec

753-2510

SECRET

- W
Buckling Stress
Element A (Ref. P. 31)
o= ld = 298
1 .037
Fery = 5,000 psi (Ref. I - Fig. B5.12)
Element B
by = ,963= 26
% = 2
Perp = 7,000
Fos = + c3) -
cs RS (Ref. I - P. B5.7(6) )
F = 5,500 + é.‘m
°e 2.063
Feg = 12240 = 5940
2.063
Effective Skin
w = 1.7 x .053 ‘,19,3 P 1§3 (Ref. I - P. B4.2(6)
5.9 x 10 )
v = 3.7, in.
Section Properties (Ref. P. 31)
Etem A ¥ At iy 2 <! !
74 x .0 .198 -0265 0052 .00014 | .568 .1125]
1,10 x .037 L0407 .0715 0029 .00021 | 5685 | .02
1.0 x .037 .037 .5053 0187 [ .00945 | .0185 |.
= 2757 vy = 103 | .0268 | .00980 |[x = .485].136
32
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Section Proverties - Wing Station 179.4 (Ref. I - P. A3.11)
b 4 = = 103 in.
a.-g%g (Ref. P. 32)
F = 2 = = 485 in.
i P

(Ref. I ~ P. A3.11)

Iy = .0098 - (.2757 x (.103)2 (Ref. P. 32)
In = .0098 - .0029
In = om69 h.‘
P = ‘m = .158 in. (hfo I-P. ‘3.5)
27157
Buckling Stress of Column (Ref. I - P. B6.4(3) )
2 2

Yo = 590 - (590)° x{HaId® (g, p, 33

8012 X
o = 5% - 25...6.;.1.06_%24.&)3

8012 x1l
re = 5940 - m

8.12

P = 5940- 239 = 5,701 psi

Revised Effective Zkin

1.7 x .053 {203 x206
5.701 x 103

(mf. I - Pc %04)
v

w = 3.82 in.
Area of Skin
A = 3082 X -053 = «203 1n.2

T53-2510
- 33
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SECTION II
UNIT BENDING MOMENTS

UNIT DEAD WEIGHT BENDING MOMENTS
(Ref. P. 34)

B 6) @ ) 1
___Mm___mn_(m..)____u_(m)__ s |

1794 91.5 26.2 2,400

17.5 - - 2,400

91.5 61.9 5,650

_179.5 272 41880
z 271.0 | - 12,930 B

35.0 - - 12,930

271.0 82.5 22,300
—421.0 372 15,600
k Z_ 69240 = 30,830 +

#NOTE - The moment arms for above items were measured along 25% chord line.

+ To account for Wing sweepback of 35° at 25% Chordline.

M, = 50,830 x Cos 35° = 41,600 in.lb.

753-2510
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WING PLANFORM

OUTER SKIN LINE
OF FUSELAGE | .

¢

FUSELAGE

22

24

(Reference 2b) <

Fig. 4

753-2510
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Wing Tip (Sta. 266.5) to Wing Station 179.4
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(1) (2) (3) . (4} (5) |
KL 2 B T PN R O (i
7 . . G0 to Sta 179.] A
1 564 o34 o5 5.2
2 17.4 1.08 75.0 81.0
3 18.7 1.17 %5 87.0
4 107.0 6.7 1.5 478.0
5 26.5 1.66 70.5 117.0
6 163.5 10425 ° 66.3 680.0
7 19.5 1.22 65.3 79.6
8 206.0 129 61.3 790.0
9 16.3 1.02 60.5 627
1 10.5 o 553 36.5
13 545 o34 50.5 17.4
14 2780.0 174.0 2445 4260.0 .
Z 4065.0 2ohste

Wing Sta. 179.4 to Wing Sta. 117.5

(1) (2) (3) (4) (5)
_Iten Area | *Arm (Inches) |
__(Ref, P, 36) in. 2 | CG to Sta, 117.1
1-15 4065.0 - - 8605.0
254 4 59.0 15000.0
16 3730.0 234,.0 29.5 6900.0
i 186.6 dde7 19.6 230.0
7982.0 1 500.0

*NOTE - The moment arms for the above items were measured along the 25% chord line.

7

SECRET
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Wing Station 117.5 to Fuselage Skin Line (Wing Sta. 35)

) ) ) W OR ‘|
(Ref, ! 36) in. » CG to Sta, 35
1-17 7982.0 - - 24,800 +
- 500.1 58.5 29,200
18 1690.0 106 .0 48.5 5,140
19 3442 2.1 25.0 54,
20 1220.0 76.5 3l1.0 2,370
2 1170.0 73.6 19.5 1,440
22 1040.0 65.2 9.0 586
23 15.8 1.0 640 6
Z | 13,;152.0 8244 - 63,5%
=3
F3 +

#NOTE - The moment arms were measured as perpendicular distances from the fuse-
lage skin line to the centroids of the above items.

+ To account for the wing sweepback of 35° at 25% chordline.

nZMg = 30,735 x Cos 35° = 24,800 in.lb. (Ref. P. 37)
¥ Area of section from Sta. 35 to fuselage centerline.
~q = 1000 = .0625 psi
16062

T53-2510
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SECTION III
DETERMINATION OF LOAD FACTORS

For any point on a section, the load factor

v T My - W)

Where:
I = Moment of inertia of section
Mg =  Airload moment, in.-lbs. for 1 g
My = Dead weight moment, in.~lbs. for 1 g
y =  Distance from principal axis from drawing
Fo = Allowable stress
At Sta. 117.5
Mg = 30735 x 5.1 = 156,900
M, = 12930
I = 192.4
¥ = 192.4F = .001338 Lo
143800 y b 4
At Sta. 119.4
Mg = 8605 x 5.1 = 43,900
K = 2400
I = 66
¥ = 6¥ = .0s52f
41500 y y
The calculations are included in a table on page
At Sta. O
Ma = 63,596 x 5.1 = 324,000
W = 41,600

39
SECRET

(Ref.

(Ref .
(Ref.
(Ret.

(Ref.
(Ref.
(Ref.

(Ref.
(Ref.

2a)

P.
P.
P,

P.
P.
P.

P.
P.

37)
35
9

N
35
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Determination of lLogd Fgctors

Sta. 117. 5
e g— -

l 3 T ' —
Ivem Q) (2) (3) (4)
Ref.
p-(17) Fo y* Fo /¥ N
_Ref, @uzj___mmm_
2 71380 P. 11 %3 30 12.9
3 41380 P. 11 bed 9420 12,6
4=10 42830 P. 15 442 9700 13.0
20-27 37260 P. 18 2.03 18400 24..6
15 43040 P. 13 4ol 10750 1444
v - Sta. 179.4
Tt #9] 2) €) AR
Ref.
p - (20) Fo y* Fo /7 N
_Jer. 2/(2) | ,001592x(3) |
3 41200 P. 24 3.8 10830 17.3
4=-8 39350 P. 28 4412 9570 15.2
9 41200 P. 2 45 9150 14.6
13-16 24,980 P. 31 4435 5850 9.15
*NOTE - These values are scaled fror drawing. (Ref. 2a)
At Sta. O
4 (Ref. P. 6)
Iy = 74.7 in.
y = 4.29
7 (Mg - M)
=  _T4.7 QQ74000) = = 10.75 (Ref. P.
4.29 (324000 - 41600) )
753-2510
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