To:

University of Maryland - Excalibur Team

From:

Student Design Competition Steering Committee

Re:

Judges Comments

These are the unedited comments from the various judges that scored your proposal.  We hope the comments are helpful.
Judge 1

Overall impression:  Outstanding effort.  It is hard to imagine an area of this design that wasn't agonized over!

There were some grammatical and spelling errors that grad students shouldn't commit.  For instance:

Page 2: The 1st sentence "ion requires the aircraft to carry …" I got the impression that there was a part of the sentence that got deleted by accident.  Proof read and spell check!

Page 19: use effect instead of affect

Page 33: use affect instead of effect

Page 35 "(because the outer inner blade …" - which is it?  The outer or the inner?

Page 58:  The perceived control reversal RESULTED IN a V-22 accident.  It was not the result of a V-22 accident.

Some technical questions to which I did not get full answers:

Page 5: The rotor tilting mechanism is an interesting idea, but it seems that there will be significant added complexity in the xmsn.

Page 46: The RFP recommended, it did not require, an engine like the CT7-8A.

Page 59: This was a good news/bad news discussion on your RTI.  The good news is you looked for a method to eliminate the "control reversal" problem inherent with cross-trained pilots.  The bad news is that your RTI, as shown, still does not address the fundamental problem, which is "muscle memory".  As you said, a fixed wing pilot will extend his arm to add power while a helicopter pilot will contract his arm to add power.  It is a perplexing problem, and an interesting attempt by you to address it, but I don't think you are there yet.

Page 39:  I admit that I was unfamiliar with a harmonic drive.  I looked it up on the internet (Wikipedia has a nice animation and explanation).  Depending on the amount of use, is fatigue a problem?  What about wind-up?

You made some good points though:

Page 5: Keeping the engine horizontal improves safety

Page 27:  Nice touch - a one page summary

Page 31: Good discussion on the Pareto frontier

Page 33: Building a physical model of the retracting blade to check for fit was a nice touch.

Judge 2

Well-balanced proposal.  Excellent, robust design selection process.  Excellent knowledge and use of tools.  Great blade design effort.  Excellent structures and materials sections.  Excellent cockpit layout. Overall, a very fine proposal, with all major areas covered in appropriate detail and credibility.

Judge 3 

Excellent, very credible sizing.  Outstanding graphics - some of the best AHS SDC CAD work I've seen.

Judge 4








Configuration

Configuration downselection is not well substantiated

Why only deflect flaps 75 deg in hover ?

Could rolling takeoff increase ferry range?

Variable Diameter Rotor

Detailed trade studies of rotor design are good

Why select airfoils? - comparison to "conventional" rotor airfoils

Strap concept for rotor retraction is novel, but is binding an issue? Fail safe?

Weights of nacelle's components are probably significantly higher than predicted.  Extra gearbox stages, tilting actuators, flight control actuators, collective solenoid system, blade retraction actuators etc add up quickly

Mid-wing gearbox?

Report

Clean and organized report

Good cost analysis

Judge 5

Good configuration selection and discussion of sizing code, though I don't understand your emphasis on blade aspect ratio as a key sizing parameter rather than CT/sigma blade loading.

Good discussion on variable diameter actuation options - not sure weights reflect the impact of such a system.

Pretty good rotor hub drawings and discussions, though I'm not sure I get the pitch change solenoid system.

The blade taper and sweep seems dramatic - this may be a great rigid aerodynamics solution, but the pitching moment and associated loads may be very large for the extension shaft system.

I like the rotating throttle idea, but it didn't get into the cockpit drawing - the challenge of team consistency!

IBC for coaxial rotors may be a good idea - not clear if the weights and drag reflect IBC hub configuration.
Judge 6

Excellent effort, the proposal shows great understanding of the challenges and limitations of current tiltrotor technology.  In particular, the thought and design effort placed on improving safety and survivability of the tiltrotor by harnessing variable diameter are appreciated.  The innovative concepts and detailed design layouts offered in the nacelle tilting mechanism and blade retraction mechanism are also excellent.

More emphasis could be placed on the cabin for this multi-mission aircraft.  The width seems very narrow at 5.4 ft compared with aircraft performing similar missions, leaving little room for the crew, troops and medical personnel to maneuver.  The shaping is favorable for drag, but may not serve the end user.

Drag estimates are very optimistic compared with fielded helicopters and tiltrotors.  Interference drag and the drag of antennas and other external equipment are likely underestimated.  Cost estimates also appear very optimistic considering the size and complexity of the aircraft.

Judge 7

Strong vehicle configuration selection process.

Very thorough explanation of engines, drivetrain, VDR and associated trade studies.

Judge 8

A. Technical Content

The proposed design meets the RFP technical requirements.

Assumptions are clearly stated, and mostly logical.

A thorough understanding of many different design tools is evident.

The proposal does a good job discussing the trade studies performed to direct/support the design process.

The proposal provides a well balanced and appropriate substantiation of the complete aircraft and subsystems.

The technical drawings are clear and represent a realistic design.

B. Organization and Presentation

The provided Executive Briefing does a good job describing the aircraft design.

The provided introduction does a good job describing the major features of the proposed system.

The proposal information is presented in a logical sequence.

The provided figures and tables are clear and uncluttered.

The proposal is of professional quality and presentation.

The proposal meets all format and content requirements.

C. Originality

The proposed aircraft shows some amount of originality and imagination by incorporating retractable rotor blades.

The vehicle is aesthetically pleasing.

D. Application and Feasibility

The proposal does not spend enough emphases on the technological issues related to using the harmonic drive in the rotor hub.

Affordability does not appear to have been a major consideration in the design process.

The proposal does a good job discussing the TRL for the proposed technologies.

Cost is shown to have had an influence in the design process, as the proposal discusses the use of composites to reduce parts numbers, as well as reduce maintenance/labor costs.

Reliability and maintainability are shown to have influenced the design process, as a health and usage monitoring system is proposed.

Several material types are discussed in the proposal, showing that it was considering in the design process.

The proposal does a good job at showing an appreciation for the operation of the aircraft, with a configuration that can be switched for a different mission fairly quickly.
Judge 9

Technical Content:  A system level trade study of the variable diameter rotor is missing (i.e. weight vs. performance vs. cost)

Organization and Originality: Very well written proposal with high quality graphs and layouts

Feasibility: Did not address life cycle and manufacturing

Judge 10

This is a very good proposal and worthy of further development. It demonstrates an excellent grasp of the issues related to tiltrotor aircraft design, especially in the areas of Rotor and Drive Systems. The proposal also addresses most of the criteria set forth in the RFP.

I only have one nit to pick. Figure 5.8 shows a foam core in the blade afterbody, but on page 52 Nomex is the material described.
Judge 11

Excellent level of detail and incorporation of novel concepts while remaining practical.  VDR mechanism in principal workable, but requires provisions for balancing blade positions to account for changes in straps over time and load.
Judge 12

The proposal demonstrates very good understanding of the RFP.  The executive summary is well-written and the design is clearly summarized. Good qualitative description of configuration selection.  The case would have been made stronger by tradeoffs that weighed capability with cost. The selection of design parameters was shown in several plots, and would have been better conveyed in carpet plots—or any other way that shows the interrelationship among multiple design parameters. Performance charts were well done in conveying satisfaction of RFP requirements. Very good descriptions of the aircraft drive system. Overall, the images of the aircraft and systems were very impressive.
Judge 13

Comments

No IR Suppression?

Be careful with words like "novel".  That word means very specific things when pertaining to inventions.  VDTR is not a new invention.

Missing vertical dimensions in your three views

I don’t understand your argument against compound designs: low confidence level in design?  There are many compound helicopters that have been designed built and proven to be technically feasible.  XH-59, Cheyenne, Piaseki, X2 TD, X^3.  More compound aircraft have been built and tested than tiltrotor designs.

Your spider charts show configurations in different size, mission, and weight classes.  Comparing a V-22 to a UH-60 is not a fair comparison when looking at payload capability, on the contrary, when you look at payload fraction (PL/TOGW), the SMR wins.  Be careful, charts like these can be easily debunked when you are comparing apples and oranges.  

Excellent CAD Work!!!

I don’t think you have enough blade are in hover.  I could not confirm whether you used the same chord for the entire span or not, but you need to explicitly account for the loss in chord for your inner blade section.

You dismissed VSTR based on the weight of the variable speed transmission.  However, you MUST quantify these since the strap system you are adding to the hub and the blades will also add a considerable amount of weight!  It is a weak argument

You also state CVTs are not technologically ready, true, and I agree, but neither is a VDTR strap system with all of the systems that accompany making sure stretch of the strap is accounted for and that all blades open at the same rate.

good weight and cg analysis

Your cost model is civil aircraft based, you need to account for military usage
Judge 14

Good presentation graphics

Good transmission description

FOM prioritization matrix does not match the spider chart Fig. 2.3

Reliability should be a important evaluation criteria, which affect A/C availability, DMC and DOC. (p.14)

No analysis to substantiate the AI (pg 82)

DOC is over optimistic. Should use V-22 and BA609 cost information for reference as well (p. 85).

No V-N envelope curve

Payload range plots are not adequate for "no reserve". (p. 75)
Judge 15

Overall excellent proposal by this team.  

There were a few grammatical errors, typo's, and incomplete sentences.

The students developed their own sizing methods and checked with NASA NDARC code, rather than just using NDARC for the conceptual design.  This indicates that they truly understand how the design tool works and have developed an appreciation for the trades in design work.

The concept uses Variable Diameter plus a little engine rpm variation (10-15%) to implement the concept.  

There was a detailed Avionics description and evidence that having a pilot on the team made the design of the cockpit very realistic

The cabin layout figures were too dark to see well on a printed copy.

The rotational throttle interface--see AHS Forum 2011 paper by Theodore.  Pilot evaluations of a similar concept indicate they don't really like it.

Good use of Pareto front and other excellent discussion of trades and choices in the proposal.
