RV-10 Wing Spar Stress Analysis Results – For Adding Outboard Fuel Tank


Disclaimer: This analysis should not be used to make your decision to do any modification whatsoever.  If you do, you will be on your own for any consequences.  It applies to me as well.

Table 1: Table: Max “g” at which the structure breaks

	Description
	Max g – Full Fuel, 2800 lb Gross Wt
	Max g – Full Fuel, 3200 lb Gross Wt
	Max g – 0 OBT Fuel, 2800 lb Gross  Wt
	Max g – 0 OBT Fuel, 3200 lb Gross Wt

	Original Wing
	3.38
	2.96
	-
	-

	No Beef Up – Two Tanks
	5.10
	4.41
	4.02
	3.51

	With Plate – Eighth Inch
	5.06
	4.45
	4.46
	3.90

	With Plate – Quarter Inch
	5.30
	4.56
	4.22
	3.68

	With Plate – Three Eighth Inch
	5.41
	4.62
	4.13
	3.59

	With Plate – Half Inch
	5.37
	4.59
	4.08
	3.55

	With Plate – Short Plate, Quarter Inch
	5.20
	4.54
	4.58
	3.98

	Modified Stepped Bars
	5.98
	5.11
	4.72
	4.11


Notes: 
1. OBT: Out Board Tank
2. Tool used for simulation: Autodesk Inventor 2011
3. Plate covers the ~1 ft gap between tanks.
4. Plate Length = 3 ft (4.5 in wide…it can be up to 5.75 inches to fit between the top and bottom stepped bars on the spar…need to evaluate the stress concentrations of adjusting the plate width to flush with the stepped bars).  Short Plate Length = 2 ft (4.5 in wide).
5. Though it appears that the max “g” is fine for “No Beef Up” case above, adding a beef up plate (doubler plate) only increases the strength of the structure and will not negatively impact it and I’m for adding a 1/8 inch thick and 3 ft long plate.  Two rows of rivets along the length of the plate will be used.  The spacing of rivets on each row will be 1 inch and the rows will be 1 inch apart.  Totally there will be four rows for the plate on each wing spar.
6. Max g – 0 OBT Fuel, 3200 Gross Wt:  Obviously, this case (over the set gross wt) won’t be used in real life…the simulation runs are for analysis only.  Gross wt for the plane will be set at 2800 lb.
7. The wing skin is not modeled due to limitation of the tool.  The tool is not taking 0.032 inch thickness of the tank skin for some reason we just could not understand.
8. The numbers we see above are not hard numbers as the skins and the rivets and every other structure within the wing are not modeled.  However, the take away from this effort is the “trend” as the simulation parameters (eg: thickness of the beef up plate) change.  Conservative approach is taken…by that I mean the actual number is way more than what we see above…which is good.  Just to emphasize that the max “g” that we got from the simulation for the original wing structure came out to be 3.38 which is way less than the actual number which in general will be more than 3.8 (for utility category) since a safety factor of around 50% of 3.8 will be added to 3.8.
9. When beef up plate is added, two tank attach Z’s will have to be custom made (height of the attach Z’s will be reduced by the thickness of the plate that will be attached).
10. Modified Stepped Bars solution will not be used since it is way too risky as it involves drilling out the rivets on the stepped bars before adding extra plates on them.

11. Note that the trend of Safety Factor which is increasing (in other words “max g” increasing since safety factor was designed for 1g in our simulation) as the thickness of the plate increases.  But the safety factor trend is decreasing with the increase of the plate thickness when there is no OBT fuel.
Table 2: Max “displacement” at the wing tip due to bending moment

	Description
	Max Displacement – Full Fuel, 2800 lb Gross Wt (Inches)
	Max Displacement – Full Fuel, 3200 lb Gross Wt (Inches)
	Max Displacement – 0 lb OBT Fuel, 2800 lb Gross Wt (Inches)
	Max Displacement – 0 lb OBT Fuel, 3200 lb Gross Wt (Inches)

	Original Wing
	0.5796
	0.6625
	-
	-

	No Beef Up – Two Tanks
	0.1258
	0.1435
	0.1356
	0.1554

	With Plate – Eighth Inch
	0.1255
	0.1428
	0.1334
	0.1529

	With Plate – Quarter Inch
	0.1225
	0.1397
	0.1319
	0.1511

	With Plate – Three Eighth Inch
	0.1206
	0.1376
	0.1305
	0.1495

	With Plate – Half Inch
	0.1187
	0.1356
	0.1293
	0.1482

	With Plate – Short Plate, Quarter Inch
	0.1236
	0.1407
	0.1316
	0.1507

	Modified Stepped Bars
	0.09656
	0.1135
	0.1212
	0.1391
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Figure 1: Beef Up Plate (Doubler) Location
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Figure 2: Original Wing 180 lb fuel, 2800 lb Gross Wt - Max g is 3.38 
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Figure 3: Original Wing 180 lb fuel, 3200 lb Wt (Over the Gross Wt) - Max g is 2.96
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Figure 4: With Doubler Plate - Eighth Inch Thick, 180 lb IBT fuel, 0 lb OBT Fuel, 2800 lb Gross Wt – Max g is 4.46
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Figure 5: Original Wing, 180 lb IBT fuel, 3200 lb Wt (Over the Gross Wt) – Max Displacement is 0.6625 inch
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Figure 6: With Doubler Plate - Eighth Inch Thick, 180 lb IBT fuel, 0 lb OBT Fuel, 2800 lb Gross Wt – Max Displacement is 0.1334 inch
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