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DESIGN MODIFICATIONS 

 

The plane delivered to competition was slightly different from that described in the SAE report. 

This was primarily because of engineering difficulties that became evident as we proceeded to 

construct it. However, the craft’s basic configuration (biplane, tractor engine layout, tricycle 

landing gear) was not altered.  

 

 

TAIL 

 

Changing the Boom Material 

 

Shortly before its installation, it was discovered that the carbon fiber tail suffered from vibration 

problems. When the tail rod was deflected, the resulting oscillations took a long time to die down. 

Since the engine to be used in competition was a two-stroke powerplant, it was prone to heavy 

high frequency disturbances. The design team feared that the shaking would be transmitted to 

and amplified in the tail. In addition, the carbon fiber rod proved much more flexible in torsion 

than initially expected. These two shortcomings would have had several ill effects: 

1. Control difficulties: The plane’s control surfaces would constantly be changing their 

positions, making the plane difficult to fly. 

2. Connections between the elevator and rudder and the servos that actuated them could 

be shaken loose in flight, possibly leading to a crash.  

 

Several solutions to the problem were attempted. The first was to lessen the initial deflection by 

placing brass piping, which is more rigid than carbon fiber, over the base of the tail. However this 

solution was abandoned because the brass proved too heavy and the damping effect was minor 

at best. 
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The second attempted solution was to secure the tail by attaching cables from the tips of the 

horizontal tail to the tips of the wings. Unfortunately, this solution required too much pain for 

very little gain. Providing enough of a stabilizing force for the tail required high tension in the 

cables, thereby putting heavy loads on the tips of the wings and the horizontal tail that these 

were not originally designed to bear. Implementing this solution would have meant risking the 

wings or tail ripping off in flight. 

 

This lead to our third, and chosen, solution. The carbon fiber boom was replaced by one made 

from balsa clad with epoxied-on carbon fiber strips along its length (Figure 1). This new rod 

design afforded us the stiffness of the carbon fiber tail boom along with the excellent damping 

properties of balsa. Test flights showed that it solved the vibration problem. 

 

Figure 1 - The carbon fiber boom was replaced by a square balsa boom clad with lengthwise carbon 
fiber strips 

 

 

Reducing the Vertical Tail Size 

 

During our second test flight attempt, another problem with the tail was discovered: the vertical 

stabilizer was too large. Although its size had been calculated using widely accepted and proven 

model airplane design principles, none of these had taken crosswinds into account. The oversized 
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vertical tail interacted with the heavy winds at the airfield as if it were a sail. During taxiing 

maneuvers, the plane made a sharp turn and was blown over, resulting in damage to the 

wingtips.  

 

Our pilot advised that the size of the tail be reduced by a third. The tail was then cut at an angle 

to achieve the reduction while simultaneously improving its aerodynamics. This procedure 

required actually separating the vertical tail from the rest of the aircraft. Since it was firmly 

attached using balsa supports and epoxy, a more correct description might be “tearing” it away. 

Fortunately, during earlier construction we had deliberately made alignment markings on the 

plane’s exterior to facilitate easy assembly and repair at competition. Because of these, it was 

easy to reattach the vertical tail using 5 minute epoxy (Figure 2). 

 

Figure 2 - The vertical tail was easily reattached after being reduced in size 
 

 

COWLINGS REMOVED FOR FLIGHT 

 

We made cowlings to improve the airflow around the front and rear of the aircraft. Unfortunately, 

the unique geometry of the plane’s nose meant that creating an accurate nose cowling was 

extremely difficult. The one we ended up with was misaligned. The rear cowling was made of a 

Styrofoam curved pyramidal frame clothed in monokote. Both cowlings would have had to be 



Rice University – The A Team – Team 024 

 5 

attached in a manner that was simultaneously secure, yet easy to remove and very light. No such 

solution could be conveniently found. In addition, because of the low speeds at which the plane 

would be flying, it was decided that they were both aerodynamically unnecessary with regard to 

drag. Thus, we did not fly with either cowling. The front cowling itself was so fragile due to the 

desire to save weight that it broke at competition while equipment was being unpacked to 

assemble the aircraft. 

 

 

FOAM CONTROLS INSERT REMOVED 

 

Before our first test flight, a preflight check revealed that because the foam insert was not firmly 

connected to the fuselage, the servos mounted within it tended to move the insert as well as the 

control surfaces when actuated.  Our pilot suggested that we attach the contents of the foam 

insert – battery and servos – to thin wooden platforms that we would then screw onto the inner 

surface of the fuselage. Thus the servos could be attached in any orientation desired and easily 

removed for repair and replacement. This we did (Figure 3). 

 

Figure 3 - The nose's electrical components in their new positions. Clockwise from upper left: 
throttle servo, receiver, battery, nose gear servo 
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RECEIVER MOVED TO THE NOSE OF THE AIRCRAFT 

 

Previously, the receiver had been mounted to the rear of our cargo carriage. However, our pilot 

advised us of the folly of this decision: it would have forced us to break and then remake all our 

electrical connections every time we reloaded the airplane with cargo for flight. Also, the receiver 

was far from the center of lift in that position, and would adversely affect the plane’s balance.  

 

Thus, we moved the receiver to the inner right wall of the nose, where it was attached using CA 

glue and Velcro. CA is normally not the best glue to use as an adhesive to carbon fiber, but we 

effectively increased its holding ability by sanding the fiber at the point of attachment.  

 

 

LESSONS FROM OUR TEST FLIGHT ATTEMPTS 

 

Our first test flight was successful and showed the competence of our design. We easily put the 

plane together for flight using only 3 team members and portable equipment from the lab. Our 

team captain had observed at last year’s SAE AeroDesign East competition that logistical and 

equipment problems can be very detrimental, and so had made an assiduous effort to ensure 

that inventory was properly managed.  

 

The plane flew beautifully with a 3.45 lb load. Thanks to the fact that our center of mass and 

center of lift coincided, it was stable in flight, yet very maneuverable. It was very responsive to 

the controls. Takeoff simply required getting the plane up to a sufficient speed for lift – it would 

then leave the ground without the need for elevator-induced rotation. According to the pilot, 

turning in flight was achieved quite easily using ailerons only. Even then, the plane was so 

responsive that he felt that we would have no problem maneuvering at maximum cargo load. He 
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also felt that the plane was capable of aerobatic flight, but we chose not to try that as we did not 

want to risk a serious crash.  

 

However, we had engine problems that caused the loss of power twice in mid-flight. While this 

was unfortunate, it provided rewarding evidence of the quality of our design. In each case, 

engine failure occurred some distance out from the runway. The pilot was easily able to perform 

dead stick landings due to its good gliding properties.  

 

In the second dead-stick landing, the plane ran off the runway into the grass and overturned. 

Thanks to its solid design, it suffered only minor damage to the balsa wingtips that was later 

repaired by sanding. However, repair was made tedious by the thick, loamy dirt at the airfield 

that tended to get lodged in tight areas and was rather annoying to remove. 

 

Once the plane landed, we attempted to fix the engine problems, the confusing nature of which 

was exacerbated by the fact that the engine was brand new. We found that after a short time of 

operation, it would start to draw air through the fuel line. Several hours were spent at the field 

trying to correct this problem, to no avail. Finally, we gave up and returned to the lab, where the 

engine was replaced.  

 

It was also discovered that unburned fuel from the muffler was impinging upon the fuselage and 

lower wing. While the resulting soiling on the fuselage was easily removed with paper towels, the 

one on the wings quickly soaked through the fiberglass and through the wing’s vertical thickness, 

with some residue being left trapped in the foam. This problem was remedied by installing a 

muffler extension to redirect the exhaust flow so that it exited parallel to the plane of the wings 

and away from the fuselage, and by coating the lower wing with car wax. 
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On our second test flight, conditions were so windy that we did not fly at all, but instead tested 

our taxiing capabilities. It was during this that it became evident that the vertical tail was 

oversized. Our pilot advised that we save weight by replacing as many metal screws with nylon 

ones as possible. We did so, but did not replace any that penetrated the carbon fiber fuselage, as 

its sharp edge combined with the vibration of flight could easily cause a nylon screw to break. 

 

 

LESSONS FROM COMPETITION 

 

Our primary lesson from competition was that we should have done more testing so that our 

maximum cargo estimate would have been higher than it was. The relatively low weight we 

predicted cost us a significant number of possible points.  

 

At our inspection, the judges requested that we place double-sided adhesive foam between the 

fuselage and the receiver and battery to prevent vibrations from shaking them or their 

connections loose or from introducing electrical noise to the control inputs. We were able to 

effect this change within half an hour once the foam was obtained.  

 

According to our pilot, perfectly balanced planes such as ours – ones in which the center of mass 

is very close to or coincides with the center of lift – are the easiest to fly. Also, because the plane 

was not nose heavy, he could fly it level without having to use the elevator to balance it, thus 

reducing drag. It also allows for the plane’s behavior in flight to be changed significantly simply 

by placing the cargo loads in different positions. We therefore recommend that future Rice teams 

design planes that are similarly balanced. 

 

The value of good inventory management was also borne out. Before competition, a packing list 

was made, and all items thereon accounted for. Lots of repair materials and backup equipment 
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were taken – a backup for every servo on the aircraft was present. These measures turned out to 

be very worthwhile. On our penultimate flight, the plane had a rough landing and flipped over. 

While the flight was legal because none of the plane’s parts became separated from it, the 

vertical tail snapped off and was hanging on to the plane by a servo rod only. In addition, the 

nose gear had to be repaired. We were able to rapidly make these fixes thanks to the fact that 

we had everything we needed already on site.  

 

The tail was repaired by using pushrod pieces as interior connecting struts between the vertical 

tail and its base, CA-ing the vertical tail in place, and then attaching a thin, aerodynamically 

shaped piece of wood to either side of the point of fracture. The landing gear was repaired by 

filing down its strut and replacing some parts of the landing gear servo, which came loose on 

landing. Due to the geometry of the aircraft nose, the point of the nose gear servo’s thin wooden 

mount that was farthest forward had been attached by a screw but not secured with a nut. This 

had been sufficient for previous flights, but became a problem with the heavy load on board. The 

problem was fixed – albeit tediously – by placing a nut onto the screw. 

 

Our repairs also impressed upon us the value of making a crashworthy aircraft. Thanks to that 

feature of our plane, we were able to fly again after landing damage without missing a round. In 

fact, in this competition, we never missed a round for any reason other than the weather. 

 

The weather itself taught us that – to be blunt – we have no control over it. A lot of comments 

could be made about the performance of biplanes versus that of monoplanes in high winds, 

crosswinds and the like, but the fact is that since it is impossible to control the ambient 

conditions. Any design change due to them are best made in reaction to and not in anticipation 

of any weather-related difficulties. As a result, it is best that the plane be as adaptable as is 

reasonably possible without compromising its primary mission. 
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CONCLUSIONS 

 

The A Team feels very gratified at the results of our efforts. Here are some points we gleaned: 

1. Build a crashworthy aircraft. In all likelihood, due to the short time in which the senior design 

team has to design, build and test the vehicle, there will be a mishap. It is best to make the 

plane so that any such event can be dealt with easily and quickly. 

2. Try to find the best possible balance between testing and design. Our efforts were admittedly 

heavily weighted toward the latter. However, given our very good results, we believe that 

this is preferable to simply rapidly building and testing. Patience, careful construction and 

good analysis will always win out in the end. 

3. Focus on the accuracy of the plane’s predicted cargo weight. It may seem like a minor detail, 

but a significant number of points depend upon it. 

4. Be willing to try new ideas, but don’t allow extensive analysis to overtake good sense. If you 

wish to try something radical, such as our extensive use of composites, ensure that the team 

tests it and that it works before implementing it. 

5. As borne out by our results, as well as the current manufacturing processes for new aircraft 

such as the Boeing 787, composite materials are the best for a competition aircraft. They 

allow for light weight and high strength in a small volume structure. 

6. While we feel that weather considerations should not rule the design process, it is good to be 

as adaptable to them as possible. 

7. Logistics and inventory management are absolutely critical to success, but are easily 

overlooked. Do not forget them. 

8. Build a neutrally balanced aircraft. These perform the best. 
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i Cover picture: Achintya Madduri and Daniel Wang prepare the plane for our second test flight attempt. Of note is the 
size of the vertical tail before it was reduced. 


