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OBJECTIVE: 

Attempt to optimize a scale wing-box design for given applied tip and distributed loads, and test to ensure that the predicted failure point and mode is correct.  

 

ASSUMPTIONS: 

50lb load distributed evenly along length of box beam. Point load applied to tip, off-center by an unknown amount resulting in torsion. 1.15 fitting factor assumed.  

 

RESULTS: 

The box beam failed at a combined load of 179.2 lb due to net section tension failure at one side of the upper root tip fixture. 

 

 

CONCLUSIONS: 

Our design was able to meet the minimum design failure specification, and our analysis proved to be relevant and reasonable.  
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1. INTRODUCTION 

1.1 Objective 
The objective of this report is to describe our wing box through the engineering design cycle. After 
designing and analyzing the structure, we built and tested it to failure and compared the actual data to 
predicted, with specific improvements to the analysis methods. This report will detail our design, 
analysis, assembly, results, and our analysis changes after testing.  
 
1.2 Summary of Analysis Results 

Table 1:  Minimum Safety Factors 
Component Sense Failure Mode Safety Factor 

Leading Spar Cap Rivet Shear Fastener 1.9 
Tension Bearing 2.0 

Lug Tension Net Section 1.5 
Tension Yield 1.8 

 
Our lowest safety factors are shown in the above table. Net section tension failure at the root lug is the 
lowest safety factor, giving a strength to weight ratio of 83lbf/lbm for the expected 1.51 lb structure at its 
predicted failure point.  
 
1.3 Summary of Test Results 
The structure failed at a total load of 171.9 lbf (50 of which were distributed along the length of the 
wing). It failed due to net section tension failure on one side of the upper lug fixture.  
 
1.4 Requirements 
The structure is designed to fit a pre-existing test fixture used to constrain and apply loads in the eventual 
failure test. With slight margins, the wing should fit within a 16 inch long, 6 inch-wide, and 2-inch-deep 
envelope with holes at specific locations for correct integration into the fixture. During testing, the 
structure must withstand 50lbs of distributed load and a 50lb applied load to meet the minimum 
specification. The structure must also be ensured to fail before 400lbs applied load, so that failure occurs 
within the normal limits of the MTS machine. The strength to weight ratio should be maximized by 
design choices influenced by the analysis results. 
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2. ASSEMBLY DESCRIPTION 

 
2.1 Design 

 
Figure 1: Overall View of the Wing Box Assembly 

 
Our wing box spans 16” long and has a chord width of 6”. The taper is implemented to better match the 
loads seen by the wing – a smaller moment on the tip does not require as large of a wing height as the root 
of the structure. This saves weight, cutting material where support is less needed. Four 0.5” x 0.5” x 
0.125” 6063-T52 angles form the stringers in each corner of the wing box, with the top/bottom and 
leading/trailing skins rivetted into each edge, respectively. All skins are 0.02” thick. There are two 
additional stiffening stringers on the compression side of the wing box to help with skin and panel 
buckling. These reduce the length of one of the unsupported sides, increasing the critical force at which 
the box beam will buckle. In the chord-wise direction, a 0.02” thick root and tip rib cover each end, as 
well as two equally spaced intermediate ribs to support the distributed loads on the skin and additionally 
help with bucking of the panel in compression. 

 
Figure 2: Cutaway View of Wing Box 
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As seen in the side view, the wing box taper reduces weight and decreases in height along the span of the 
wing, constant in chord length. At the root, the wing is 2” high and tapers down to 1” at the tip. For the 
lug connection, the sides of the angle stringers were milled off so that only the horizontal section slides 
into the fixture mount and attaches via pins.  

 
Figure 3: Side View of Wing Box 

 
We had a slight discrepancy between our wing box and the specification requirements during the design 
phase. From a previous screenshot we had on a downloaded version of the spec, it appeared that the 
stringers and their mounting holes were supposed to extend out of the wing box. However, upon 
completion, we realized that the load bar was supposed to be attached to the top of the skin. 

 
Figure 4: Screenshot from Specification 

 
 
2.2 Fabrication 
We started the fabrication process by cutting each skin and stringer to size and then removing the vertical 
excess material of the angles at the root, so that they can slide into the interface. Maximum stock 
dimensions were determined for the ribs and cut, notched, marked, and bent. Ensuring that the holes are 
sufficiently spaced and aligned between the skin and stringers is critical. We first drilled out the spaced 
holes on the stringers and then clamped the skins on and match drilled them. Keeping track of the 
orientation of all the components, we were able to separate pieces to do further work and then realign 
later.  
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Figure 5: Match Drilling Skins with Stringers 

 
After each individual component was manufactured, the entire wing was temporarily assembled to check 
for packaging and alignment issues and we encountered no major issues necessitating change. At this 
point, we bent the root of the lower stringers at an angle (about 6 degrees) to make it perpendicular to the 
lug and parallel to the top stringer.  
 

 
Figure 6: Wing Box Temporarily Assembled with Klecos 
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After the fit check, we were ready to fully assemble the wing with rivets. We also added the two 
additional stringers on the compression panel of the wing and the two ribs. When we placed the wing box 
onto the test fixture and drilled the lug holes through, they were not perfectly centered on the stringers. 
The stringers were approximately 0.1” greater than the required 5.5” from center-to-center. This most 
likely affected the strength of the wing, as discussed later in the analysis section. 
 

 
Figure 7: Open Wing Box 

 

 
Figure 8: Fully Assembled Wing Box 

 
2.3 Test 
The test setup applies a 50lb distributed and 50lb+ point load on the wing box. With an 8020-frame 
mounted in an MTS machine, the wing box interfaces at its root via four shoulder bolts through brackets 
onto the stringers. The distributed load is 2x 25lb lead shot bag on the surface of the wing, and the point 
load is applied via the MTS machine, which measures force and displacement. The crosshead of the MTS 
was set to apply vertical downward force while at a rate of 0.00625in/s. 
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3. ANALYSIS 

 
3.1  Load Cases 
This section should describe the load cases analyzed, including the load values and types.  Sketches of the 
loading conditions with definition of coordinate system is helpful.   

 
Figure 9: Load diagram 

 
Distributed load: A distributed load of 50 lbf is applied uniformly on the top surface (marked “lower” in 
Fig. 8, z = 2 in) in the –z direction. 
 
Point load: A point load of 50 lbf is applied at the tip (y = 16.25 in)  
 
Torsion: A torsion load of 150 in-lbf is applied at one corner of the wing box, in case the worst-case 
scenario: the 50lb point load is applied 3in from the center axis of the structure. 
 
3.2 Design Factors 

Table 2: Design Factors 
Factor Yield Ultimate 
Minimum Safety Factor 1.25 1.50 
Buckling Factor 1.25 1.25 
Fitting Factor 1.15 1.15 

 
 
3.3 Material Properties 
Material property data for the aluminum structure was obtained from MMPDS and Matweb.com.  
 

Table 3: Material Properties 
Property Stringers + Spar Caps Skins and Webs 
Alloy and Temper Al 6063-T52 Al5052-H32 
Form Angle Sheet 
Reference Matweb.com MMPDS 3.5.1.0 
Thickness inches 0.5 x 0.5 x 0.125 0.02” 
Tensile Modulus Msi 10 10.1 
Compressive Modulus Msi 10 10.2 
Shear Modulus Msi 3.74 3.85 
Poisson Ratio 0.33 0.33 
Density lbm/in3 0.0975 0.097 
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Ultimate Tensile Strength (L) 
ksi 27 

31 

Ultimate Tensile Strength (LT) 
ksi 31 

Tensile Yield Strength (L) ksi 21 23 
Tensile Yield Strength (LT)  ksi 22 
Compressive Yield Strength (L) 
ksi 21 

22 

Compressive Yield Strength 
(LT) ksi 23 

Ultimate Shear Strength (L) ksi 17 19 
Shear Yield Strength (L) ksi 19 
Ultimate Bearing Strength 
(e/D=2.0) ksi  N/A 65 

Yield Bearing Strength 
(e/D=2.0) ksi N/A 37 

 
Table 4: Rivet Information 

Diameter (in) Strength  Mass  
 1/8 120 lbf/rivet 0.00152 lbm 

  5/32 190 lbf/rivet 0.00329 lbm 
  3/16 260 lbf/rivet 0.00607 lbm 

 
Ftu of the pin was assumed to be 140,000psi from McMaster: https://www.mcmaster.com/91259A172/  
 
 
3.4 Analysis Methods 
3.4.1 Stresses from Box Beam Method 
Due to the tapered nature of the wing box section, a standard box beam analysis for a constant cross 
section such as that described in our textbook could not be used. Instead, this method was modified in 
order calculate stresses at various points along the changing cross section. To do this, equations were 
determined from the input loading conditions giving the moments and shear forces as a function of y 
distance along the wing, and then these several of these sections were solved with these forces and that 
section’s specific cross-sectional area. The shear flows at each section were also calculated, as these are 
expected to change along the cross-section for tapered beams.  
 
3.4.2 Strength Failure 
Safety factors against yield and ultimate strength failure of the skin and stringers were computed using the 
formula below, where the induced stress was calculated with the resultant Von Mises summation of all 
axial and shear stresses on the material. 
 
 SFSTRENGTH = FALL / FIND (1) 

 
Where: 
 SFSTRENGTH = strength safety factor 
 FALL = allowable stress (either ultimate or yield, depending on failure mode investigated) 
 FIND = induced stress 
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(2) 

 
Note: σxx = σzz = σxy = σxz = 0 assumed to be negligent. 
 
3.4.3 Buckling Failure 
Spar cap / stringer Euler buckling 
The critical buckling stress is computed using the following equation: 
 
 

 

 
(3) 

Where: 
Fbuckling,cr = critical buckling stress 
c = column end fixity (c = 1 for pinned ends, c = 4 for clamped ends) 
E = elastic modulus 
I = second moment of area (about x-axis) 
L = length of column 
A = cross section area 
ρ = (I/A)0.5 

 
Spar cap / stringer crippling 
The critical crippling stress is found by: 

1. Break cross-section into individual segments of width (bi), thickness (ti), and one or no free 
edges. 

2. Determine crippling stress for each segment from empirical curves (Fig. 10.7.10 in textbook). 
3. Total allowable crippling stress is a weighted average based on segment area (as defined in Fig. 

10.7.10). 
 

 

 
 

(4) 

Where: 
b = length of individual segment 
t = thickness of individual segment 

 
Column buckling-crippling interactions 
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Figure 10: Curve for buckling-crippling interactions 

 
After comparing the actual effective slenderness of the column with the transition value, we can 
determine which critical stress to use (buckling or crippling) and compare that with the induced 
compressive stress to calculate the margin of safety. 
 
Skin buckling 
The critical skin buckling stresses due to compression and shear are computed using the equations: 
 

      

 
(5/6) 

Where: 
Fc,cr = critical skin buckling stress due to compression 
Fs,cr = critical skin buckling stress due to shear 
ηC = plasticity correction factor for compression (interpolated from data given in project folder) 
ηS = plasticity correction factor for shear (interpolated from data given in project folder) 
KC = compression buckling coefficient 

KS = shear buckling coefficient 

E = elastic modulus 
t = skin thickness 
b = short side dimension (lower stringer spacing) 
a = long side dimension (rib spacing) 

 
Note: Kc depends on edge condition (clamped or hinged), we define the critical buckling stress as the 
average of both conditions. 
 
After obtaining the allowable buckling stress for compression and shear separately, we calculate the 
compression and shear stress ratio: 
 

 

 
(7) 

Where: 
fC = induced compressive stress 
fS = induced shear stress 

 
We then use Rc and Rs to determine the margin of safety under combined loading graphically based on 
Fig. 11.5.2 in textbook. 
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3.4.4 Deflection 
Deflection was calculated using the general integral for the Euler Beam-Buckling equation. 
 

 

 
(8) 

With M(x) being the varying internal moment along the cross section and I(x) being the varying cross-
sectional moment of inertia. This method was determined due to an inability to find more applicable 
methods. This method has the drawbacks of Euler-Bernoulli beams in comparison to Timoshenko beam 
theory (tip assumed to deflect only in a vertical plane in Bernoulli) and does not consider that the neutral 
axis of the actual tapered beam does not exactly follow the horizontal x direction in the above equation (y 
direction in the global coordinate system).  
 
 
3.4.5 Joint Failure 
Rivet joints 
When analyzing rivet joint failures, we neglect the effect of chordwise tension since it is insignificant 
compared to spanwise tension, which is mainly sustained by spar caps and results in shear flow in the 
rivet joints. Therefore,  
 
 Load per fastener = (shear flow × joint length) / (number of rivets) (9) 

 
Fastener shear failure 
Margin of safety of this failure mode is determined by comparing load per fastener (lbf/rivet) directly 
with the rivet strength (lbf/rivet) found on BoltDepot.com. 
 
Bearing failure 
The allowable bearing load is calculated by: 
 

 
 

(10) 
Where: 

Fbru = ultimate bearing strength of skin material 
D = rivet diameter 
T = skin thickness 

 
The allowable bearing load is then compared to the load per fastener to determine the margin of safety. 
 
Shear-out failure 
The allowable load for shear-out failure is found by: 
 

 
 

(11) 
Where: 

Fsu = ultimate shear strength of skin material 
e = edge distance 
t = skin thickness 

 
The allowable shear-out load is then compared to load per fastener to determine the margin of safety. 
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Net-section shear 
The allowable net section shear load is found by: 
 

 
(12) 

Where: 
Fsu = ultimate shear strength of skin material 
p = pitch = (joint length – 2*edge distance) / (number of rivets – 1) 
D = rivet diameter 
t = skin thickness 

 
The allowable shear-out load is then compared to load per fastener to determine the margin of safety. 
 
Lug 
First, we calculate the section properties of the lug, which is different from the root of the wing box, as 
well as the bending moment at the interface while considering the length of both root and tip interface 
geometry. Then we calculate the tensile stress and load due to bending in the upper lugs.  
 
Shear-bearing failure 
The allowable load for shear-bearing failure is computed by: 
 

 
 

(13) 
Where: 

kbr = shear-bearing efficiency factor (from Fig. 9.8.5 textbook), depends on edge distance, hole 
diameter, and lug thickness 
Ftu = lug ultimate tensile strength 
D = hole diameter 
t = skin thickness 

 
The allowable shear-bearing load is then compared to the induced tensile load to determine the margin of 
safety. 
 
Net-section tensile failure 
The allowable load for net-section tensile failure is computed by: 
 

 
 

(14) 
Where: 

kt = lug efficiency factor for tension (from Fig. 9.8.6) 
Ftu = lug ultimate tensile strength 
W = lug width 
D = hole diameter 
t = skin thickness 

 
The allowable tensile load for net-section failure is then compared to the induced tensile load to determine 
the margin of safety. 
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4. ANALYSIS RESULTS 

 
4.1  Results from Box Beam Method Analysis 

Table 5: Stress (psi) at Each Box Beam Section 
Lumped 
Stringer 

# 

Distance from root (in) 

0 2 4 6 8 10 12 14 16 
1 1601 1444 1280 1109 927 732 522 292 35 
2 1601 1444 1280 1109 927 732 522 292 35 
3 1601 1444 1280 1109 927 732 522 292 35 
4 1601 1444 1280 1109 927 732 522 292 35 
5 -1222 -1101 -975 -843 -703 -555 -395 -221 -26 
6 -1222 -1101 -975 -843 -703 -555 -395 -221 -26 
7 -1222 -1101 -975 -843 -703 -555 -395 -221 -26 
8 -1222 -1101 -975 -843 -703 -555 -395 -221 -26 

 
4.2  Results of Strength Failure 
The Von Mises stress at each section of each stringer and skin was found with the derived shear stress and 
axial stress from the box beam analysis. The resulting stresses are displayed in the table below. 
 

Table 6: Von Mises Stress in Box Beam (all in psi) 
Component Sec 1 Sec 2 Sec 3 Sec 4 Sec 5 Sec 6 Sec 7 Sec 8 
Stringer 1 1725.0 1456.3 1294.4 1124.5 945.1 754.4 550.9 336.3 
Stringer 2 1725.0 1456.3 1294.4 1124.5 945.1 754.4 550.9 336.3 
Stringer 3 1725.0 1456.3 1294.4 1124.5 945.1 754.4 550.9 336.3 
Stringer 4 1725.0 1456.3 1294.4 1124.5 945.1 754.4 550.9 336.3 
Stringer 5 1222.4 1101.1 974.8 842.6 703.1 554.7 395.1 220.6 
Stringer 6 1222.4 1101.1 974.8 842.6 703.1 554.7 395.1 220.6 
Stringer 7 1222.4 1101.1 974.8 842.6 703.1 554.7 395.1 220.6 
Stringer 8 1222.4 1101.1 974.8 842.6 703.1 554.7 395.1 220.6 
Skin upper 1695.8 1561.0 1427.4 1298.4 1179.7 1082.0 1023.1 1029.4 
Skin lower 1464.6 1390.1 1325.2 1274.5 1244.7 1245.1 1287.9 1388.7 
Skin leading 1650.9 1711.4 1784.4 1873.6 1984.6 2125.7 2309.4 2556.0 
Skin trailing 1073.5 1092.8 1118.2 1151.9 1197.3 1259.7 1347.2 1473.4 

 
The maximum stress was used to calculate the margin and add to the main safety factor table, as follows: 
 

Table 7: Resulting Maximum SF for Yield and Ultimate Strength 
Strength Table Yield Ultimate 

Component Max Stress Unit Material Allowable Unit SF Allowable Unit SF 
Stringer 1 1725.0 psi 6063 21000 psi 9.7 27000 psi 10.4 
Stringer 2 1725.0 psi 6063 21000 psi 9.7 27000 psi 10.4 
Stringer 3 1725.0 psi 6063 21000 psi 9.7 27000 psi 10.4 
Stringer 4 1725.0 psi 6063 21000 psi 9.7 27000 psi 10.4 
Stringer 5 1222.4 psi 6063 21000 psi 13.7 27000 psi 14.7 
Stringer 6 1222.4 psi 6063 21000 psi 13.7 27000 psi 14.7 
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Stringer 7 1222.4 psi 6063 21000 psi 13.7 27000 psi 14.7 
Stringer 8 1222.4 psi 6063 21000 psi 13.7 27000 psi 14.7 
Skin upper 1695.8 psi 5052 22000 psi 10.4 31000 psi 12.2 
Skin lower 1464.6 psi 5052 22000 psi 12.0 31000 psi 14.1 
Skin leading 2556.0 psi 5052 22000 psi 6.9 31000 psi 8.1 
Skin trailing 1473.4 psi 5052 22000 psi 11.9 31000 psi 14.0 

 
 
4.3  Results of Buckling Failure Analysis 

Table 8: Resulting Buckling Analysis 
Failure Mode Allowable Margin 
Spar Cap 8,032 2.05 
Stringer Buckling 8,124 2.08 
Stringer Crippling 21392 7.12 
Skin Buckling 7,870 1.21 
Panel Buckling 9,983 2.79 

 
 
4.4  Results of Deflection Analysis 
From our calculations, the maximum displacement of the box beam tip in the negative y direction under 
the minimum acceptable applied load is 0.015 inches.  
 
 
4.5  Results of Joint Failure Analysis 
 

Table 9: Riveted Joint Failure Analysis Results 
Failure Type Upper Lower Leading Trailing unit 
Fastener Shear      
rivet shear allowable 190 190 190.00 190 lbf 
MS_rivetShear 3.83 2.48 0.87 2.24  
Bearing      
bearing allowable 203 203 203 203 lbf 
MS_bearing 4.17 2.72 0.99 2.46  
Shear-Out      
shear-out allowable 380 380 380 380 lbf 
MS_shear-out 8.66 5.96 2.73 5.47  
Net Section Shear      
net shear allowable 755 755 755 755 lbf 
MS_netShear 18.20 12.82 6.41 11.86  
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Table 10: Lug Analysis Results 
Failure Mode Value Quantity Unit 

Shear Bearing P_bru 2256 lbf 
MS_shear-bearing, ult 3.07  

Net Section P_tu 831 lbf 
MS_tensile, ult 0.50  

Yield P_y 842 lbf 
MS_yield, lug 0.82  

 
The upper pin has 16372 psi of bending stress on it, with a resulting margin of 4.0. 
The lower pin has 13097 psi of bending stress on it, with a resulting margin of 5.2. 
 
 
4.6  Mass Estimation 
The mass estimation was first done by calculating the volumes of all the individual component parts and 
then multiplying by the density of the corresponding material. This adds to 1.51 lbs. Cutting out the parts 
and then weighing them before assembly resulted in an estimate of 1.54 lbs total.   
 

Table 11: Mass Estimation Data 

     Estimated Actual 
Component Number Volume Density Mass Each Total Mass Total Mass 

    in3 lbm/in3 lbm lbm lbm 
Stringer 1 1 1.75 0.098 0.171 0.171 0.196 
Stringer 4 1 1.75 0.098 0.171 0.171 0.195 
Stringer 5 1 1.75 0.098 0.171 0.171 0.184 
Stringer 6 1 0.9375 0.098 0.091 0.091 0.088 
Stringer 7 1 0.9375 0.098 0.091 0.091 0.087 
Stringer 8 1 1.75 0.098 0.171 0.171 0.184 
Skin upper 1 1.92 0.097 0.186 0.186 0.188 
Skin lower 1 1.92 0.097 0.186 0.186 0.188 
Skin leading 1 0.48 0.097 0.047 0.047 0.048 
Skin trailing 1 0.48 0.097 0.047 0.047 0.049 
Uppers rivets 10   0.002 0.015 0.007 
Lower rivets 16   0.002 0.024 0.011 
Trailing rivets 16   0.002 0.024 0.011 
Leading rivets 16   0.002 0.024 0.011 
Root skin 1 0.24 0.097 0.023 0.023 0.032 
Tip skin 1 0.12 0.097 0.012 0.012 0.022 
Rib #1 1 0.233 0.097 0.023 0.023 0.024 
Rib #2 1 0.333 0.097 0.032 0.032 0.020 

       
TOTAL      1.51 1.54 
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5. TEST RESULTS 

The root end of the wing box was able to fit into the fixture without issue. However, the tip load interface 
holes were very immediately found to be about half an inch off from where they should have been. Rather 
than scrambling to redrill these holes, it was determined that the entire fixture could just be shifted back 
to allow for proper attachment at the expense of a slightly longer moment arm than anticipated. In the test, 
the design exceeded the minimum loading conditions and failed 50lbs of distributed load with 123lbs of 
applied point load. The box failed at the top root bolt connection due to net tension failure of a single side 
of the surrounding stringer material.  
 
5.1 Failure 
The wing box failed at the interface with the mounting fixture. The pinned connection to one of the 
stringers in tension failed by net section. 
 

 
Figure 11: Wing Box Failure Point 

 
5.2  Loads 
The figure below displays the load applied to the wing during the test over a couple of minutes. The 
maximum point load the wing box withstood was 122.9lb, for a total of 172.9lb at failure including 
distributed. 
 

 
Figure 12: Applied Load to Wing Box 
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We expected the wing box to fail at 136.4lb in our pre-test analysis. Section 6 will cover alterations to the 
analysis we made to refine that prediction based on the test results. 
 
 
5.3  Displacement 
Displacement is measured by the MTS machine in the form of the crosshead’s movement as the load is 
applied. The figure below confirms the settings of the MTS to move at a constant velocity downward onto 
the wing, at 0.00625in/s.  

 
Figure 13: Displacement of MTS Crosshead 

 
The wing failed when the crosshead had displaced the end of the wing by 0.879”. This is extremely higher 
than our predicted value of 0.015”, mainly due to the mounting frame also flexing under the load. For this 
reason, we could not get accurate data to validate our displacement calculations. 
 
5.4  Mass 
As tabulated in our analysis spreadsheet, the estimated mass of the sum of all individual components is 
1.51lb. After manufacturing each individual component, we weighed them all to sum 1.54lb. The final 
weight of the wing fully assembled was 1.66lb. The 0.12lb discrepancy was due to extra rivets that were 
not included in the individual calculations, inaccurate weighing of individual rivets, and some larger 
rivets used than initially expected. 
 
6. DESIGN AND ANALYSIS CHANGES 

 
6.1  Torsional Load on Wing 
We designed the wing to support the worst-case torsional load that could be applied by the test setup: the 
50lb point force at the corner, 3in from the center of the structure chordwise, resulting in a 150in-lb 
torsional load. During the test, the load was placed about 1.5” from the center, resulting in half of the 
maximum torsional load applied: 75in-lb. Running the analysis again, however, shows that this had no 
effect on the lug failure. 
 
6.2  Lug Moment Arm 
Although not how we determined stress in the lugs, simply summing the forces on the box beam reveals a 
mistake in our original analysis. The moment arm of the applied forces is larger than originally 
calculated: the distributed force’s center acts further than 8” and the point load acts further than 16”. We 
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did not account for the extension of the spar caps that connect the box beam to the mounting frame, 
essentially making the moment arm 0.75” longer for each load. Additionally, because we further extended 
the stringers that support the load bar spreader outside of the box beam (which has 16” long skins) by 
0.5”, the moment arm got even longer from the point load. These two errors lead to an 8% increase in 
loading on the lug. 
 
6.3  Lug Section Properties (Ixx) 
The main factor why the box beam failed at the lug before expected for that specific failure mode was 
because we used the moment of inertia of the box beam at Z=0 to determine the stress in the lugs, which 
is 0.86 in4. This is not correct, as we milled down the spar cars so they would slide into the fixture and 
there are no skins on the box beam at that point anymore. Recalculating the actual moment of inertia (of 
just the four protruding spar caps that mount to the frame), we get 0.25 in4, over three times less than the 
value originally used. With this change, the new minimum safety factor is net section tension failure, with 
a margin of 0.5. 
 
6.4  Skin Buckling Hinged to Average 
Kc depends on edge condition (clamped or hinged), we modified the definition of critical buckling stress 
in our analysis as the average of both conditions instead of hinged only. The result of this change is a 
higher margin of safety for skin buckling, which is consistent with what we observed during the test. 
 
6.5  Calculating Expected Failure 
When previously determining what the expected load the wing box will fail at, we multiplied the 
minimum safety factor by the load on the entire wing (100lb). However, this is not correct because only 
the point load is increasing, not the distributed load. To fix this, our new expected load calculation sums 
the 50lb from the distributed and the 50lb point load times the minimum safety factor. This decreases our 
expected load from approximately 150lb to 125lb for the wing at failure. 
 
7. CONCLUSIONS 

Our structure clearly demonstrated sufficient ability to withstand the minimum loads stated for successful 
completion of the project. Our structure, a tapered box beam, was selected to maximize the strength to 
weight ratio for the given space. Our analysis was modified from a typical box beam analysis to better 
match the expected performance of a tapered wing. The system ended up failing at the root tip interface 
through net section failure at a load of 172.9lbs. If given the chance to redesign now, we would allocate a 
much higher amount of the total wing mass towards increasing the factor of safety of the interface. For 
example, the flange could be made as thick as possible while still fitting in the test fixture to reduce 
chances of local failures occurring there.  
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