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Root chord 4.09m

Tip chord 1.04 m

Semi Span length 10.02 m

Airfoil (root) NACA23015

(Tip) NACA23015

Aircraft weight 20990 kg

Limit Load Factor 69

Design Factor 1.5

Given Spar Position (in % of chord length)

Front Spar 20%

Rear Spar 65%

1bloe 2j Dogar Lalsr 059 Slds
Fuel weight Empty weight Wing structure weight | Passengers and baggage
3791.4 kg
(1359 US Gal)) 12007 kg 5100 kg

ol 398 slaools llao

Max. take-off weight

20990 kg

Limit load

20990%9.81*6=1235471.4 N

Design Load

1235471.4*1.5=1853207.1 N

Load on semi-span

1853207.1/2=926603.55 N

Semi-Wing area

51.18/2=25.59 m?

Pressure load on semi-wing

926603.55/25.59=36209.6N/m?

el 03305 draloxe 5 Djgo ay JE 55 0 625,18 Jxe




Wing box sections

lroot - ltip N
semi span

L+ 1liy)*xh
Area of trapezoid sec.A; = ( : ;lp)

hox (lyp + 2 % 1)
3 (lep + 1)

Chord length: l1 = L, — X

C.G.of trapezoid sec.=

Section 1:
11 = 4.09 4.09 — 1.04 8.7675 = 142125 A 15414  CG 1.2525 % (1.4213 + 2 = 1.04)
» ’ 3% (1.4213 + 1.04)
= .6586 from tip
Section 2:
-t 2.5 —.925 45 = 18025 A — 20189  CC 1.2525 * (1.8025 + 2 * 1.4213)
5.25 » ’ 3 % (1.8025 + 1.4213)
= .6509 from [1
section on the Chord length [m] Area [m2] C.G.
wing from root
8.7675 1.4213 1.5414 0.6586
7.515 1.8025 2.0189 0.6509
6.2625 2.1838 2.4964 0.6462
5.01 2.5650 2.9739 0.6430
3.7575 2.9463 3.4514 0.6407
2.505 3.3275 3.9289 0.6389
1.2525 3.7088 4.4065 0.6376
0 4.0900 4.8840 0.6365

Loads and bending moments at sections(cis s» )3 bles 5 la 5 )

p, = A, *p = 55811.95 ,




section cumulative bendin
on the cumulative | Shear force . g
. . bending moment | moment on
wing shear force | on sections . i
on sections sections
from root
10.02 0 0 0 0
8.7675 | 55811.9498 | 55811.95 36756.9452 36756.95
7.515 | 1289145495 | 73102.6 84342.1597 47585.21
6.2625 |219307.7989 | 90393.25 142755.6438 58413.48
5.01 326991.6980 | 107683.9 211997.3972 69241.75
3.7575 |451966.2470 | 124974.5 292067.4200 80070.02
2.505 | 594231.4457 | 142265.2 382965.7123 90898.29
1.2525 | 753787.2942 | 159555.8 484692.2740 101726.6
0 930633.7925 | 176846.5 597247.1051 112554.8

Shear force distribution

Load distribution over front and rear Spars (cic s s> sl Lol Js> 550 a2355)

44% of ¢

Chord
1 cpP R, /

20% of ¢ i a b RS
\

Chord Length 'C' %

(2]

65% of ¢

Loyl 555,18 o g 439 I (il

lo)ls] 65,18 o g oSl I il



section Percen_tage Percen_tage shear force | shear force bending bending
on the of acting of acting
. on front on rear moment on moment on
wing load on load on rear
spar spar front spar rear spar
from root | front spar spar
10.02 46.67% 53.33% 0.00 0.00 0 0
8.7675 46.67% 53.33% 26045.58 | 29766.37 | 17153.24108 19603.70409
7.515 46.67% 53.33% 60160.12 | 68754.43 | 39359.67455 44982.4852
6.2625 46.67% 53.33% 102343.64 | 116964.16 | 66619.30042 76136.34333
5.01 46.67% 53.33% 152596.13 | 174395.57 | 98932.11868 113065.2785
3.7575 46.67% 53.33% 210917.58 | 241048.67 | 136298.1293 155769.2907
2.505 46.67% 53.33% 277308.01 | 316923.44 | 178717.3324 204248.3799
1.2525 46.67% 53.33% 351767.40 | 402019.89 | 226189.7279 258502.5461
0 46.67% 53.33% 434295.77 | 496338.02 | 278715.3157 318531.7894

Moment of inertia( .., -le)

M
===

Shear force and bending moment distribution over spars

:iloas oyl o] Sleogas 5l (S 5,0 a5 el AIUMINIUM 7075-T6  covie i

Ultimate tensile strength

Aluminium 7075-T6

Shear strength
Density
Young’s modulus
Poisson’s ratio

1305 o0 dline e g o> Ll Jo> oyl Gloe 398 Jge,8 Gillae

71.

572 Mpa
331 Mpa
2810 kg/m?

7 Gpa

0.33

section
on_the height of bending moment of
wing moment on inertia on
front spar
from front spar front spar
root
10.02 0.1456 0 0
8.7675 0.1990 17153.24108 | 3.80177E-06
7.515 0.2524 39359.67455 | 1.10636E-05
6.2625 0.3057 66619.30042 | 2.26867E-05

= where: | = Moment of Inertia, in m*, M = Bending Moment, in N-m , y = distance b/w neutral
axis to top surface, inm, o = Tensile strength, in Mpa




5.01 0.3591 98932.11868 | 3.95725E-05
3.7575 0.4125 136298.1293 | 6.26222E-05
2.505 0.4659 178717.3324 | 9.27371E-05
1.2525 0.5192 226189.7279 | 0.000130819

0 0.5726 278715.3157 | 0.000177768

Moment of Inertia distribution over Front spar

section
on_the height of bending moment of
wing moment on inertia on
rear spar
from rear spar rear spar
root
10.02 0.1040 0 0
8.7675 0.1421 19603.70409 | 2.8885E-06
7.515 0.1803 44982.4852 8.4058E-06
6.2625 0.2184 76136.34333 | 1.7237E-05
5.01 0.2565 113065.2785 | 3.0066E-05
3.7575 0.2946 155769.2907 | 4.7578E-05
2.505 0.3328 204248.3799 | 7.0459E-05
1.2525 0.3709 258502.5461 | 9.9392E-05
0 0.4090 318531.7894 | 1.3506E-04

Moment of Inertia distribution over Rear spar
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FRONT SPA REAR SPAR

Airfoil section with Torsion box

FRONT SPAR

A

|
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[TorsionBOx|  [REAR SPAR |
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Cut view of Torsion box

Area of Torque Box

CG of Torque Box
Distance Between CG & CP
Torque
Shear flow

_ (hgs + hgs) * distance b.w.FS and RS

A = 0.0584

2
C.G.=0.247 [m] from rear spar
d=0.468 [m]

T = Load*d [N-m]
q=T/2*A [N/m]

Jsdpl o Gioms aax Glp (b by g glidS Glid S e g J& 55 e o alold (8 35 e ol 398 Dlniogs gillae
20 )5 oo Ao

section on . . distance

rewng | TR0 | PO | bars | O on
from root and RS

10.02 0.1040 0.1456 0.468 0.2470
8.7675 0.1421 0.1990 | 0.639563 0.3375
7.515 0.1803 0.2524 | 0.811125 0.4281
6.2625 0.2184 0.3057 | 0.982688 0.5186
5.01 0.2565 0.3591 1.15425 0.6092
3.7575 0.2946 0.4125 | 1.325813 0.6997
2.505 0.3328 0.4659 | 1.497375 0.7903
1.2525 0.3709 0.5192 | 1.668938 0.8808




0o |

0.4090

| 05726 | 1.8405 |

09714 |

CG of Torque box from Rear spar

section on . .
the wing cumulative | Distance (b.w. Torque cumulative torque
from root load C.G.and C.P)

10.02 0 0.0286 0 0
8.7675 55811.9498 0.0391 35695.23 35695.23
7.515 128914.5495 0.0496 104565.8 140261
6.2625 | 219307.7989 0.0601 215511 320076.8

5.01 326991.6980 0.0705 377430.2 592941.2
3.7575 | 451966.2470 0.0810 599222.5 976652.7
2.505 594231.4457 0.0915 889787.3 1489010
1.2525 753787.2942 0.1020 1258024 2147811

0 930633.7925 0.1125 1712831 2970855
Torque on each section of the wing
section on .
the wing cummulative A shear flow
load
from root
10.02 0 0.0584 0
8.7675 55811.9498 0.1091 163623.4
7.515 128914.5495 0.1754 399726.3
6.2625 219307.7989 0.2575 621476.4
5.01 326991.6980 0.3553 834474.6
3.7575 451966.2470 0.4687 1041783
2.505 594231.4457 0.5979 1245196
1.2525 753787.2942 0.7428 1445830
0 930633.7925 0.9033 1644414

Shear flow distribution on wing

Shear Force due to TOrsion (s 5l oo o8 59,

Shear force (SF) on Front Spar:

On Rear Spar:

SFRS = q*hRs

SFrs = * hrs




section shear force on
i shear force total shear
on the height of front spar .
i shear flow actingon | force on front
wing front spar (due to f
. ront spar spar
from root torsion)
10.02 0.1456 0 0 0 0
8.7675 0.1990 163623.4 32556.97 26045.58 58602.55
7.515 0.2524 399726.3 100870.9 60160.12 161031.06
6.2625 0.3057 621476.4 190000.9 102343.64 292344.52
5.01 0.3591 834474.6 299659.8 152596.13 452255.96
3.7575 0.4125 1041783 429709.4 210917.58 640626.95
2.505 0.4659 1245196 580074.5 277308.01 857382.51
1.2525 0.5192 1445830 750711.1 351767.40 1102478.48
0 0.5726 1644414 941591.4 434295.77 1375887.17
Total Shear force on Front spar
i shear force shear
section on . total shear
. height of on rear force
the wing shear flow ) force on rear
f rear spar spar(due to | acting on
rom root . spar
torsion) rear spar
10.02 0.1040 0 0 0 0
8.7675 0.1421 163623.4 23254.98 29766.37 53021.35
7.515 0.1803 399726.3 72050.67 68754.43 | 140805.10
6.2625 0.2184 621476.4 1357149 | 116964.16 | 252679.08
5.01 0.2565 834474.6 214042.7 | 174395.57 | 388438.31
3.7575 0.2946 1041783 306935.3 | 241048.67 | 547983.93
2.505 0.3328 1245196 414338.9 | 316923.44 | 731262.37
1.2525 0.3709 1445830 536222.2 | 402019.89 | 938242.09
0 0.4090 1644414 672565.3 | 496338.02 | 1168903.31

Web Thickness (cy culxs)

SFgs

Tshear strength — a1

where:

web

305 o dnle iy Ojgar by lewl Olasiv w0de] Gy loylos g log s as axgi b

Total Shear force on Rear spar

Tshear strength= Shear strength of the material ,A web = Area of the web = (height * thickness) in m?

Moment of Inertia of a rectangular section web is given by: I,,,.;,

= lwep *

3
hs
12




i Moment of
section on A total shear web :
. height of . Inertia of a
the wing force on thickness of | area of web
front spar rectangular
from root front spar front spar )
section web
10.02 0.1456 0 0 0 0
8.7675 0.1990 58602.55 0.00089 0.000177 5.84123E-07
7.515 0.2524 161031.06 0.001928 0.000486 2.58171E-06
6.2625 0.3057 292344.52 0.002889 0.000883 6.87935E-06
5.01 0.3591 452255.96 0.003805 0.001366 1.46827E-05
3.7575 0.4125 640626.95 0.004692 0.001935 2.74405E-05
2.505 0.4659 857382.51 0.00556 0.00259 4.68444E-05
1.2525 0.5192 1102478.48 | 0.006415 0.003331 7.48294E-05
0 0.5726 1375887.17 | 0.007259 0.004157 0.000113573
Web Thickness of Front spar
section on : total shear . Moment of Inertia
. height of web thickness
the wing force on rear area of web of a rectangular
rear spar of rear spar i
from root spar section web
10.02 0.1040 0 0 0 0
8.7675 0.1421 53021.35 0.001127 0.00016 2.7E-07
7.515 0.1803 140805.10 0.00236 0.000425 1.15E-06
6.2625 0.2184 252679.08 0.003496 0.000763 3.03E-06
5.01 0.2565 388438.31 0.004575 0.001174 6.43E-06
3.7575 0.2946 547983.93 0.005619 0.001656 1.2E-05
2.505 0.3328 731262.37 0.006639 0.002209 2.04E-05
1.2525 0.3709 938242.09 0.007643 0.002835 3.25E-05
0 0.4090 1168903.31 0.008634 0.003531 4.92E-05

Web Thickness of rear spar




Flange Thickness (zs culss)

23U bl oo Caond 5o 50 Lol s 90 2 (gl polie ggamme @8lg 10 mild (gl o] Candy polie Caand (pl 10 AS D4 axg

Db e oyl o] ol dzg lewl G ja 10 &8lg,0 ciloads 48,5 s 10 alie Ojgo e 50 48 (gl lagdd Col SO

MOIflange = MOIfs — MOl,ep ' Iflange = Aflange *y}gs

Where: lfiange = Moment of Inertia of flange in m*

Yrs = height from neutral axis to top surface of the flange in m

Therefor:  Afiange = Iriange/YFs
. Moment of Moment of
section on moment of . . flange
. N Inertia of a Inertia of the area of
the wing | inertia on front volume(front
rectangular flange (front | flange(front spar)
from root spar ) spar)
section web spar)
10.02 0 0 0 0 0
8.7675 3.80177E-06 5.84123E-07 3.21764E-06 0.000200202 0.000251
7.515 1.10636E-05 2.58171E-06 8.48187E-06 0.000328104 0.000411
6.2625 2.26867E-05 6.87935E-06 1.58074E-05 0.000416605 0.000522
5.01 3.95725E-05 1.46827E-05 2.48898E-05 0.000475463 0.000596
3.7575 6.26222E-05 2.74405E-05 3.51817E-05 0.000509388 0.000638
2.505 9.27371E-05 4.68444E-05 4.58927E-05 0.000520928 0.000652
1.2525 0.000130819 7.48294E-05 5.59892E-05 0.000511587 0.000641
0 0.000177768 0.000113573 6.41944E-05 0.000482304 0.000604
Total volume 0.004314

Flange Thickness of front spar




Moment of
. . Moment of
section on moment of Inertia of a .
. L Inertia of the area of flange flange
the wing | inertia on rear rectangular
) flange (rear (rear spar) volume(rear spar)
from root spar section web
spar)
(rear spar)
10.02 0 0 0 0 0
8.7675 2.8885E-06 2.7TE-07 2.6188E-06 0.000369 0.000462
7.515 8.4058E-06 1.15E-06 7.2540E-06 0.000635 0.000795
6.2625 1.7237E-05 3.03E-06 1.4203E-05 0.000847 0.001061
5.01 3.0066E-05 6.43E-06 2.3632E-05 0.001021 0.001279
3.7575 4.7578E-05 1.2E-05 3.5603E-05 0.001166 0.001461
2.505 7.0459E-05 2.04E-05 5.0074E-05 0.001286 0.001611
1.2525 9.9392E-05 3.25E-05 6.6901E-05 0.001383 0.001732
0 1.3506E-04 4.92E-05 8.5834E-05 0.001459 0.001828
Total volume 0.010229

Flange Thickness of rear spar

Mass calculation (s awlw)

25 dslme i Sygan 1) Loyl 039 Gl (o bl g 5 @il olal (05T Cans L

Aspar = Aftange T Awen , volumeg,,, = Agpar * 1.2525 , Mass = Density * Total Volume
section
on the area of front volume of
wing spar front spar
from root
10.02 0 0
8.7675 0.000377 0.000473
7.515 0.000815 0.00102
6.2625 0.0013 0.001628
5.01 0.001842 0.002307
3.7575 0.002445 0.003062
2.505 0.003111 0.003897
1.2525 0.003842 0.004813
0 0.004639 0.00581



Buckling (_zLs)

2 By, a5 04 Az gl gh (o diiSiue JU ol JLis 4 g Ll ams #, ST a5 )b cou (2ileS Ll 51 aub oLl
5 eolatul b 1) aitee (23leS cov a5 Jloj vog culies i Slolas s asg b oasylo 1,3 1.2525 ML ol 5 golue Jolgd

Condition: Shear stressinquced < Buckling stress (safe design)

Finducea = Q/tweb

Where: q = shear flow, in N/m
tweb = Web thickness, in m

Total volume of front spar 0.02301
mass of front spar 64.65681
Mass of front spar
section
on the
) area of rear volume of
wing spar rear spar
from
root
10.02 0.000529 0
8.7675 0.00106 0.000662
7.515 0.00161 0.001328
6.2625 0.002195 0.002017
5.01 0.002822 0.002749
3.7575 0.003495 0.003534
2.505 0.004218 0.004378
1.2525 0.004991 0.005283
0 0.000529 0.006251
Total volume of front 0.026202
spar
mass of front spar 73.62866

A0 )5 e dwls cwiw p g0U sae @ Ly i bcwlbs a5 Sy U1 ST a5 >

Mass of rear spar

2
— tweb
Fcritical_K*E*(b)

, E=Young's Modulus, in Pa
, k =shear buckling coefficient from graph

, b =height of spar, inm

section .
on the he(;%ht Actual web thi\(/:\lﬁlbess Vol. of web
wing front thickness of | shear flow F-induced k from after
from front spar . buckling
spar buckling
root
10.02 | 0.1456 0 0 4.9 - -




8.7675 | 0.1990 0.00089 163623.4 67128120 | 5.1 0.002696 0.000672
7.515 |0.2524 | 0.001928 399726.3 1.03E+08 | 5.2 0.004184 0.001322
6.2625 | 0.3057 | 0.002889 621476.4 1.2E+08 |5.25| 0.005468 0.002094
501 [0.3591| 0.003805 834474.6 1.32E+08 | 5.4 0.006637 0.002985
3.7575 1 0.4125 | 0.004692 1041783 1.41E+08 | 5.6 0.00773 0.003994
2.505 | 0.4659 0.00556 1245196 1.48E+08 | 5.8 0.008782 0.005124
1.2525 | 0.5192 | 0.006415 1445830 1.53E+08 | 5.9 0.009858 0.006411
0 0.5726 | 0.007259 1644414 1.57E+08 | 6.1 0.010854 0.007784
Total volume of web (front spar) 0.030387
Shear buckling calculations on Front spar
section
on the | height | Actual web thi\c/:\lﬁlt;ss Vol. of web
wing | of rear | thickness of | shear flow F-induced k from after
from spar rear spar b . buckling
uckling
root
10.02 | 0.1040 0 0 - 4.9 - -
8.7675 | 0.1421 | 0.001127 163623.4 81120489 5 0.002138 0.000381
7.515 |0.1803 0.00236 399726.3 1.24E+08 | 5.1 0.003321 0.00075
6.2625 | 0.2184 | 0.003496 621476.4 1.46E+08 | 5.2 0.004328 0.001184
501 [0.2565| 0.004575 834474.6 1.61E+08 |5.35| 0.005253 0.001688
3.7575 1 0.2946 | 0.005619 1041783 1.71E+08 |5.45| 0.006157 0.002272
2.505 |0.3328 | 0.006639 1245196 1.78E+08 | 5.6 0.007014 0.002923
1.2525 |1 0.3709 | 0.007643 1445830 1.85E+08 | 5.8 0.007826 0.003635
0 0.4090 | 0.008634 1644414 1.91E+08 |6.05 0.00859 0.0044
Total volume of web (rear spar) 0.017232

Shear buckling calculations on rear spar




