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Thaninee Pimton 2010: Internal Structure Design and Analysis of Straight Wing and
Aerodynamical Optimized Wing. Master of Engineering (Aerospace Engineering),
Major Field: Aerospace Engineering, Department of Aerospace Engineering. Thesis

Advisor: Squadron Leader Chamnan Pedchote, Ph.D. 91 pages.

Since the structure of the aircraft wing is important for the aerodynamic lift force, this
research aims to study and analyze the design of the aircraft wing’s internal structure. Two wing
models, straight wing and aerodynamical optimized wing, were investigated in this study. The

wing strength was analyzed under specified structural criteria and aircraft load.

Shear stress and displacement of the square plate model were evaluated by using finite
element simulations with an S4R four-node shell element model. For the aerodynamical analysis
of the wing structures, the wing shape was determined to have i) a sweep angle of 0 degree with
taper ratio of 1 or 0.3 and ii) a sweep angle of 42 degree with taper ratio of 1 or 0.3. The wing
structure was consisted of wing spars, wing ribs and wing skin. The structure was assigned as a
thin square plate which was then subdivided into elements. The material property of the wing was
determined as a composite material. The aerodynamical load of the wing was obtained from the
computation. Moreover, the effect of the number of wing ribs (0, 30, 40 and 50 ribs) on the
aerodynamics of two models (straight wing and aerodynamic optimized wing) was investigated.
Finally, the results of the analysis of both wing models were compared by using the von Mises

stress and the deflection of the front spar in order to establish an optimized wing.

Results from the analysis of both wing models have shown that wings with sweep angle
of 42 degree and taper ratio of 0.3 are the strongest. Moreover, the aerodynamical optimized wing
was found to have lower von Mises stress and lower front spar deflection than the straight wing. In
addition, the aerodynamic properties of the aerodynamical optimized wing found in this study

were similar to the wings that are currently used with the new commercial aircrafts.
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INPUT DATA
Symbol Value Unit
Wing Semi-Span Stations & Wing Chord & Wing
Thickness Ratio
Wing Span WSPAN 66.5000 m
Nett wing semi-station at root Y2BWRN 3.2500 m
Wing taper ratio WTAP 1.0000
Wing aspect ratio WAR 6.9600
Wing leading edge sweep WQL 0.0000 deg
Wing front spar fraction FFSW 25.0000 %c
Wing rear spar fraction FRSW 70.0000 %c
Total number of nett wing semi-span panel NTY2BW 30.0000
Aircraft Performance
Cruise altitude HCR 10668.00 m
Cruise speed VCR 253.6111 m/s
Dift Distribution
Loading Coefficient for Lift Distribution
Angle of attack QALPHA 4.000 deg
Lift Distribution
Wing incidence angle QWINC 2.0000 deg
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Calculation Symbol Value Unit
Wing Semi-Span Station & Wign Chord & Thickness Ratio

Wing area WAREA 635.3807 m"2
Wing root chord WCR 9.5546 m
Wing tip chord WCT 9.5546 m
Wing mean aerodynamic chord (MAC) WMAC 9.5546 m
Wing quarter chord sweep WQ4 0.0000 deg
Distance between LE to tip chord XCT 0.0000 m
Wing panel semi-span station at root Y2BWR 32500 m
Wing panel semi-span station at tip Y2BWT 33.2500 m
Wing panel semi-span root chord Y2SWR 9.5546 m
Wing panel semi-span tip chord Y2SWT 9.5546 m
Wing panel area Y2SW 286.6379 m"2
Wing panel between pair of semi-span station PY2SW 1.0000 m
Wing thickness ratio RTW 0.1390 %C
Leading edge radius LERC 2.9000 %C
Boundary layer towards airfoil trailing edge at point

Y90 percent chord Y090C 0.9792  %C
Boundary layer towards airfoil trailing edge at point

Y99 percent chord Y099C 0.3300 %C
Average wing chord CWPFA 9.5546 m
Average wing maximum depth HWPFA 1.3281 m
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Calculation Symbol Value Unit
Wing Effect Data

Cruise Phase
Temperature ratio RTFLT 0.7594
Density ratio RDFLT 0.3099
Air density DFLT 0.3796 kg/m"3
Speed of sound AFLT 296.54 m/s

Dynamic viscousity
HCR<=11000 (m) MUFLTI 1.435E-05
11000 (m) <HCR and HCR<=26000 (m) MUFLT2 1.381E-05
26000 (m)<HCR and HCR<=47350 (m) MUFLT3 1.191E-05
HCR>47350 (m) MUFLT4 1.435E-05
Dynamic viscousity MUFLT 1.191E-05 kg/m-s
Mach number corresponding to design cruise speed AMVD 0.86
Free stream Mach Number AMFS 0.86
Effective Mach Number AMEF 0.86
Maximum dynamic pressure QMXVD 12207.56 kg/ms™2
Effective angle of sweepback in compressible flow
(compressible sweep parameter) WQA4EF 0.00 Deg
Reynolds number of wing RYNLDW 77206740

Section Lift-Curve Slope

Section Lift-Curve Slope in Incompressible Flow
Prandtl-Glauert compressibility correction factor FCOMPR 0.5182
Angle between straight lines passing through points at
90 and 99 %C BNDLYTE 0.0721
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Calculation Symbol Value Unit
Section lift-curve slope correction factor
Reynolds number 1076 FCLSC6 0.8227
Reynolds number 1077 FCLSC7 0.9008
Reynolds number 108 FCLSC8 0.9298
Reynolds number <1076 FCLSCA 0.8227
10"6<= Reynolds number <107 FCLSCB 1.4835
1077<= Reynolds number <=10"8 FCLSCC 0.9224
Reynolds number >10"8 FCLSCD 0.9298
Section lift-curve slope correction factor FCLSC 0.9224
Theoretical airfoil section lift-curve slope
Theoretical airfoil section lift-curve slope CLSCTHR 6.9820
Section lift-curve slope in incompressible flow CLSCI 13.0495
Section Lift-Curve Slope Correction
Ratio for section lift-curve slope in spanwise lift distribution
Thickness ratio 9% RLCAPO09 2.4025
Thickness ratio 12% RLCAPI12 2.5554
Thickness ratio 15% RLCAPI15 2.7011
Thickness ratio 18% RLCAP18 2.8543
Thickness ratio <9% RLCAPA 2.4025
9%<= Thickness ratio <12% RLCAPB 2.6522
12%<= Thickness ratio <15% RLCAPC 2.6476
15%<= Thickness ratio <=18% RLCAPD 2.6449
Thickness ratio >18% RLCAPE 2.8543
Ratio for section lift-curve slope in spanwise lift
distribution RLCAPH 2.6476
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Calculation Symbol Value Unit

Section Lift-Curve Slope in Compressible Flow

Wing lift-curve slope CLWLSC 10.0143

Lift Distribution

Loading Coefficient for Lift Distribution

Average angle of attack (Chordal-trapezium-formula) QALPHAA 3.4837 Deg
Lift Distribution

Wing angle of attack QWALPH 5.4837 Deg

Wing lift coefficient (global lift coefficient) CLWG 0.9585




Y2BWP
FY2BWP
CWPF
HWPF
CLWSN
CLWSR
LDWSN
LDWSR
FWSN

FWSR

M

MSHWUINN N2 (71D)

Wing semi-span stations

Wing dimensionless semi-span stations

Wing chord along span

Maximum depth of wing at semi-span stations

Section lift coefficient distribution (Normal)

Section lift coefficient distribution (Real)

Lift distribution (Schlichting/Truckenbrodt definition) (Normal)
Lift distribution (Schlichting/Truckenbrodt definition) (Real)
Section force (Normal)

Section force (Real)

Lift Distribution Section Force
Station Y2BWP  FY2BWP CWPF HWPF FFALD CLWSN CLWSR LDWSN LDWSR FWSN FWSR
m m m kN kN
0 3.2500 0.0977 9.5546 1.3281 1.2552 1.2807 0.7637 12.2367 7.2967 89.5491 53.3980
1 3.8500 0.1158 9.5546 1.3281 1.2544 1.2785 0.7623 12.2151 7.2839 89.3790 53.2965

8L
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Lift Distribution Section Force
Station Y2BWP  FY2BWP CWPF HWPF FFALD CLWSN CLWSR LDWSN LDWSR FWSN FWSR
m m m kN kN
2 4.4500 0.1338 9.5546 1.3281 1.2539 1.2758 0.7608 12.1902 7.2690 89.1832 53.1798
3 5.0500 0.1519 9.5546 1.3281 1.2534 1.2729 0.7590 12.1617 7.2520 88.9603 53.0469
4 5.6500 0.1699 9.5546 1.3281 1.2527 1.2695 0.7570 12.1294 7.2327 88.7089 52.8970
5 6.2500 0.1880 9.5546 1.3281 1.2516 1.2657 0.7547 12.0930 7.2111 88.4280 52.7294
6 6.8500 0.2060 9.5546 1.3281 1.2497 1.2614 0.7522 12.0526 7.1870 88.1163 52.5436
7 7.4500 0.2241 9.5546 1.3281 1.2471 1.2568 0.7494 12.0080 7.1603 87.7732 52.3390
8 8.0500 0.2421 9.5546 1.3281 1.2435 1.2516 0.7464 11.9589 7.1311 87.3977 52.1151
9 8.6500 0.2602 9.5546 1.3281 1.2390 1.2460 0.7430 11.9054 7.0992 86.9894 51.8716
10 9.2500 0.2782 9.5546 1.3281 1.2334 1.2400 0.7394 11.8474 7.0646 86.5475 51.6081
11 9.8500 0.2962 9.5546 1.3281 1.2268 1.2334 0.7355 11.7848 7.0272 86.0716 51.3243
12 10.4500 0.3143 9.5546 1.3281 1.2191 1.2264 0.7313 11.7175 6.9871 85.5613 51.0200
13 11.0500 0.3323 9.5546 1.3281 1.2104 1.2188 0.7268 11.6454 6.9442 85.0161 50.6949
14 11.6500 0.3504 9.5546 1.3281 1.2007 1.2108 0.7220 11.5686 6.8983 84.4356 50.3488

6L
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Lift Distribution Section Force
Station Y2BWP  FY2BWP CWPF HWPF FFALD CLWSN CLWSR LDWSN LDWSR FWSN FWSR
m m m kN kN
15 12.2500 0.3684 9.5546 1.3281 1.1901 1.2022 0.7169 11.4869 6.8496 83.8196 49.9814
16 12.8500 0.3865 9.5546 1.3281 1.1787 1.1932 0.7115 11.4004 6.7980 83.1675 49.5926
17 13.4500 0.4045 9.5546 1.3281 1.1665 1.1836 0.7058 11.3089 6.7435 82.4789 49.1820
18 14.0500 0.4226 9.5546 1.3281 1.1536 1.1735 0.6998 11.2124 6.6859 81.7533 48.7494
19 14.6500 0.4406 9.5546 1.3281 1.1402 1.1629 0.6934 11.1108 6.6253 80.9903 48.2943
20 15.2500 0.4586 9.5546 1.3281 1.1263 1.1517 0.6868 11.0040 6.5617 80.1890 47.8165
21 15.8500 0.4767 9.5546 1.3281 1.1121 1.1400 0.6798 10.8920 6.4949 79.3486 47.3155
22 16.4500 0.4947 9.5546 1.3281 1.0975 1.1277 0.6724 10.7746 6.4248 78.4684 46.7905
23 17.0500 0.5128 9.5546 1.3281 1.0826 1.1148 0.6648 10.6516 6.3515 77.5470 46.2411
24 17.6500 0.5308 9.5546 1.3281 1.0676 1.1014 0.6567 10.5230 6.2748 76.5832 45.6664
25 18.2500 0.5489 9.5546 1.3281 1.0525 1.0873 0.6483 10.3884 6.1946 75.5754 45.0655
26 18.8500 0.5669 9.5546 1.3281 1.0372 1.0725 0.6396 10.2478 6.1107 74.5217 44.4372
27 19.4500 0.5850 9.5546 1.3281 1.0218 1.0572 0.6304 10.1007 6.0230 73.4201 43.7803

08
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Lift Distribution Section Force
Station Y2BWP  FY2BWP CWPF HWPF FFALD CLWSN CLWSR LDWSN LDWSR FWSN FWSR
m m m kN kN
28 20.0500 0.6030 9.5546 1.3281 1.0062 1.0411 0.6208 9.9470 5.9314 72.2679 43.0932
29 20.6500 0.6211 9.5546 1.3281 0.9905 1.0242 0.6107 9.7861 5.8354 71.0622 42.3742
30 21.2500 0.6391 9.5546 1.3281 0.9744 1.0066 0.6002 9.6177 5.7350 69.7996 41.6214
31 21.8500 0.6571 9.5546 1.3281 0.9579 0.9881 0.5892 9.4414 5.6299 68.4762 40.8322
32 22.4500 0.6752 9.5546 1.3281 0.9409 0.9688 0.5777 9.2564 5.5196 67.0873 40.0040
33 23.0500 0.6932 9.5546 1.3281 0.9230 0.9485 0.5656 9.0621 5.4037 65.6276 39.1336
34 23.6500 0.7113 9.5546 1.3281 0.9041 0.9271 0.5528 8.8578 5.2819 64.0909 38.2173
35 24.2500 0.7293 9.5546 1.3281 0.8839 0.9045 0.5394 8.6425 5.1535 62.4699 37.2507
36 24.8500 0.7474 9.5546 1.3281 0.8620 0.8807 0.5252 8.4152 5.0180 60.7561 36.2288
37 25.4500 0.7654 9.5546 1.3281 0.8380 0.8556 0.5102 8.1746 4.8745 58.9396 35.1456
38 26.0500 0.7835 9.5546 1.3281 0.8115 0.8288 0.4942 7.9192 4.7222 57.0082 33.9939
39 26.6500 0.8015 9.5546 1.3281 0.7819 0.8004 0.4773 7.6472 4.5600 54.9477 32.7652
40 27.2500 0.8195 9.5546 1.3281 0.7486 0.7699 0.4591 7.3565 4.3867 52.7404 31.4490
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Lift Distribution Section Force
Station Y2BWP  FY2BWP CWPF HWPF FFALD CLWSN CLWSR LDWSN LDWSR FWSN FWSR
m m m kN kN
41 27.8500 0.8376 9.5546 1.3281 0.7111 0.7373 0.4396 7.0445 4.2006 50.3643 30.0321
42 28.4500 0.8556 9.5546 1.3281 0.6685 0.7020 0.4186 6.7077 3.9998 47.7913 28.4979
43 29.0500 0.8737 9.5546 1.3281 0.6201 0.6638 0.3958 6.3419 3.7817 44.9845 26.8242
44 29.6500 0.8917 9.5546 1.3281 0.5650 0.6218 0.3708 5.9413 3.5428 41.8930 24.9807
45 30.2500 0.9098 9.5546 1.3281 0.5023 0.5754 0.3431 5.4978 3.2783 38.4423 22.9231
46 30.8500 0.9278 9.5546 1.3281 0.4309 0.5232 0.3120 4.9991 2.9809 34.5145 20.5809
47 31.4500 0.9459 9.5546 1.3281 0.3497 0.4632 0.2762 4.4253 2.6388 29.8957 17.8267
48 32.0500 0.9639 9.5546 1.3281 0.2575 0.3912 0.2333 3.7379 2.2289 24.0882 14.3637
49 32.6500 0.9820 9.5546 1.3281 0.1530 0.2972 0.1772 2.8395 1.6932 13.0275 7.7683
50 33.2500 1.0000 9.5546 1.3281 0.0348 0.0751 0.0448 0.7177 0.4280 0.0000 0.0000

4]
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*Heading
** Job name: W-011S-50 Model name: Model-1
*Preprint, echo=NO, model=NO, history=NO, contact=NO

kk

** PARTS
skk
*Part, name=Part-1

*End Part

ek
sk

** ASSEMBLY

k%

* Assembly, name=Assembly

*%

*Instance, name=Part-1-1, part=Part-1

*Node
1, 1.60249698, -0.19794479, 33.25
2, 1.60249698, 0.388563603, 33.25
3, 0.49999702, 0.0964046121, 33.25
4, 3.5868969, 0.330788612, 33.25
5, 3.5868969, -0.037417192, 33.25
6, 4.90980005, 0.0498885997, 33.25

31375, 14.99825,-0.0835445076, 0.649999976
31376, 14.99825,-0.112057731, 0.649999976
31377, 15.0485373,-0.0841663927, 0.487500072

31378, 15.0485373,-0.112778515, 0.487500072



31379, 15.0988245, -0.0847882852, 0.325000107
31380, 15.0988245, -0.113499306, 0.325000107
31381, 15.1491127,-0.0854101703, 0.162499934
31382, 15.1491127, -0.11422009, 0.162499934

*Element, type=S4R

1, 366, 367, 7332, 7320

2, 367, 368, 7331, 7332

3, 368, 369, 7330, 7331

4, 369, 370, 7329, 7330

5, 370, 371, 7328, 7329

6, 371, 372,7327, 7328

7, 372, 373, 7326, 7327

8, 373, 374, 7325, 7326

9, 374, 375, 7324, 7325

10, 375, 376, 7323, 7324

11, 376, 377, 7322,7323

12, 377, 378, 7321, 7322

13, 378, 1, 379, 7321

14, 379, 380, 7334, 7321

34751, 31373, 31374, 31376, 31375
34752,31374, 7109, 7108, 31376
34753, 7261, 31375,31377, 7262
34754, 31375, 31376, 31378, 31377
34755, 31376, 7108, 7107,31378
34756, 7262,31377,31379, 7263
34757,31377, 31378, 31380, 31379

34758, 31378, 7107, 7106, 31380

&5
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34759, 7263,31379, 31381, 7264
34760, 31379, 31380, 31382, 31381
34761, 31380, 7106, 7105, 31382
34762, 7264, 31381, 7319, 364
34763, 31381, 31382, 7318, 7319
34764, 31382, 7105, 359, 7318
*Nset, nset=Wire-2-Set-4
3, 10, 17, 28, 31, 42, 45, 56, 59, 70, 73, 84, 87, 98, 101, 112
115, 126, 129, 140, 143, 154, 157, 168, 171, 182, 185, 196, 199, 210, 213, 224
227, 238, 241, 252, 255, 266, 269, 280, 283, 294, 297, 308, 311, 322, 325, 336
339, 350, 353, 363, 6053, 6054, 6055, 6056, 6057, 6058, 6062, 6063, 6064, 6098, 6099, 6100
6104, 6105, 6106, 6140, 6141, 6142, 6146, 6147, 6148, 6182, 6183, 6184, 6188, 6189, 6190,
6224
6225, 6226, 6230, 6231, 6232, 6266, 6267, 6268, 6272, 6273, 6274, 6308, 6309, 6310, 6314,
6315
6316, 6350, 6351, 6352, 6356, 6357, 6358, 6392, 6393, 6394, 6398, 6399, 6400, 6434, 6435,
6436

34664, 34665, 34666, 34667, 34668

34669, 34670, 34671, 34672, 34673, 34674, 34675, 34676, 34677, 34678, 34679, 34680, 34681,
34682, 34683, 34684

34685, 34686, 34687, 34688, 34689, 34690, 34691, 34692, 34693, 34694, 34695, 34696, 34697,
34698, 34699, 34700

34701, 34702, 34703, 34704

** Section: CompositeLayup-1-1

*Shell Section, elset=CompositeLayup-1-1, composite, section integration=GAUSS,
layup=CompositeLayup-1

0.00025, 3, graph/epoxy, 0., skin-1
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0.00025, 3, graph/epoxy, 90., skin-2
0.00025, 3, graph/epoxy, 45., skin-3
0.00025, 3, graph/epoxy, -45., skin-4
0.00025, 3, graph/epoxy, -45., skin-5
0.00025, 3, graph/epoxy, 45., skin-6
0.00025, 3, graph/epoxy, 90., skin-7
0.00025, 3, graph/epoxy, 0., skin-8
*End Instance
*%
*Nset, nset=_PickedSet95, internal, instance=Part-1-1
358, 359, 360, 361, 362, 363, 364, 7089, 7090, 7091, 7092, 7093, 7094, 7095, 7096, 7097
7098, 7099, 7100, 7101, 7102, 7103, 7104, 7146, 7147, 7148, 7149, 7150, 7151, 7152, 7153,
7154
7155, 7156, 7157, 7158, 7159, 7160, 7161, 7162, 7163, 7164, 7165, 7166, 7167, 7168, 7188,
7189
7209, 7210, 7211, 7212, 7213, 7214, 7215, 7216, 7217, 7218, 7219, 7220, 7221, 7244, 7245,
7265
7266, 7267, 7268, 7269, 7270, 7271, 7272, 7273, 7274, 7275, 7276, 71277, 7278, 7279, 7280,
7281
7282, 7283, 7284, 7285, 7286, 7287, 7288, 7289, 7290, 7291, 7292, 7293, 7294, 7295, 7296,
7297
7298, 7299, 7300, 7301, 7302, 7303, 7304, 7305, 7306, 7307, 7308, 7309, 7310, 7311, 7312,
7313
7314, 7315, 7316, 7317, 7318, 7319
*Elset, elset=_PickedSet95, internal, instance=Part-1-1
32220, 32221, 32222, 32223, 32224, 32225, 32226, 32227, 32228, 32229, 32230, 32231, 32232,
32233, 32234, 32235
32236, 32761, 32762, 32763, 32764, 32765, 32766, 32767, 32768, 32769, 32770, 32771, 32772,

32773, 32774, 32775
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32776, 32777, 32778, 32779, 32780, 32781, 32782, 32783, 32784, 32842, 32843, 32844, 33111,
33112,33113, 33114

33115,33116, 33117, 33118, 33119, 33120, 33121, 33122, 33123, 33124, 33338, 33339, 33340,
33676, 33677, 33678

33679, 33680, 33681, 33682, 33683, 33684, 33685, 33686, 33687, 33688, 33689, 33690, 33691,
33692, 34229, 34230

34231, 34232, 34233, 34234, 34235, 34236, 34237, 34238, 34239, 34240, 34241, 34242, 34243,
34244, 34245, 34246

34247, 34248, 34249, 34250, 34251, 34252, 34634, 34635, 34636, 34637, 34638, 34639, 34640,
34641, 34642, 34643

34644, 34645, 34646, 34647, 34648, 34762, 34763, 34764

*Nset, nset=_PickedSet96, internal, instance=Part-1-1

351,

*Nset, nset=_PickedSet97, internal, instance=Part-1-1

348,

*Nset, nset=_PickedSet143, internal, instance=Part-1-1
26,

*Nset, nset=_PickedSet144, internal, instance=Part-1-1
15,

*Nset, nset=_PickedSet145, internal, instance=Part-1-1
8,

*End Assembly

kk

** MATERIALS

kk

*Material, name=Glass/Epoxy

*Density



&9

1785.,

*Elastic, type=LAMINA

3.86e+10, 8.27¢+09,  0.26, 4.14e¢+09, 4.14e+09, 2.7¢+09
*Material, name=graph/epoxy

*Density

1540.,

*Elastic, type=LAMINA

2.94e+11, 6.4e+09, 0.23, 4.9¢+09, 4.9¢+09, 2.45e+09
*Fail Stress

9.85e+08, 6.9¢+08, 2.9¢+07, 9.8e+07, 4.9e+07, 0., 1.

kk

** BOUNDARY CONDITIONS

kK

** Name: BC-1 Type: Symmetry/Antisymmetry/Encastre
*Boundary

_PickedSet95, ENCASTRE

kk

k%

** STEP: Step-1

%k

*Step, name=Step-1
*Static

1., 1., 1e-05, 1.

k%

** LOADS

*%

** Name: Load-1 Type: Concentrated force
*Cload

_PickedSet96, 2, 51989.5

** Name: Load-2 Type: Concentrated force



*Cload

_PickedSet97, 2, 51826.3

** Name: Load-48 Type: Concentrated force
*Cload

_PickedSet143, 2, 15092.6

** Name: Load-49 Type: Concentrated force
*Cload

_PickedSet144, 2, 11810.1

** Name: Load-50 Type: Concentrated force
*Cload

_PickedSet145, 2, 5601.7

kk

** OUTPUT REQUESTS

k%

*Restart, write, frequency=0

kk

** FIELD OUTPUT: F-Output-1

kk

*Output, field, variable=PRESELECT

k%

** HISTORY OUTPUT: H-Output-1
ksk
*QOutput, history, variable=PRESELECT

*End Step

90
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