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To meet thegoals and objectives of the by-1aws;
for the purpose of advancing the practice and
application of the scignce of helicopters and
other aircraft developed i the area of Vertical

Talke-Off and Landing (VTOL) devices.
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Designing FBW Control Law for Helicopter
Toru Kojima (Mitsubishi Heavy Industries, Ltd.)

Abstract

FBW Technology has been common for fixed-wing aircraft recently, but it is relatively new for rotary-wing aircraft. For
example, the first flight of RAH-66 Comanche Prototype took place in 1996(but the development was cancelled), and the first
production aircraft of NH90 was delivered in 2006. There is a trend that new control technology is applied to the rotorcraft for
the improvement of rotorcraft capability. Along with the reduction in size and weight of electronic devices, the development of
FBW rotorcraft will be accelerated. And the study of Partial Authority AFCS(Automatic Flight Control System)-limited
authority AFCS which apply control technology similar to FBW system has been popular, and it is actually applied to CH-47F.
For FBW or Partial Authority AFCS rotorcraft, modeling, specifications and test techniques need to be proper, and the
application of ADS-33E-PREF, the latest helicopter handling quality specification, is the world trend today.

In this paper, outlines of ADS-33E-PRF and the design of control laws fitted to ADS-33E-PRF for improvement of handling
qualities in hover and the results of the pilot evaluation of the control laws are shown.
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Demands on the pilot

Adequacy for selected task or Aircraft in selected task or Pilot
required operation* characteristics required operation® rating
Excellent Pilot compensation not a factor for o
Highly desirable desired performance
Good Pilot compensation not a factor for Level 1
Negligible deficiencies desired performance

Fair - Some mildly Minimal pilot compensation required for
unpleasant deficiencies desired performance

Minor but annoying Desired performance requires moderate
deficiencies pilot compensation

No | Deflciencies | ‘ Moderately objectionable Adequate performance requires e Level 2

isit
satisfactory without

improvement? wartent deficiencies considerable pilot compensation

improvement

L

Very objectionable but Adequate performance requires extensive
tolerable deficiencies pilot compensation

465 —1
. L Adequate performance not attainable with
Major deficiencies maximum tolerable pilot compensation. o
Controliability not in question Level 3
Is adequate No ]
performance Deficiencies . - . ider: ilot coi ation is reguired
ttainaple with = tolerable roqulre Major deficiencies Considerablie pilot compensation is req
v ) for contro!
pilot workload? improvement
1 g5 —1—

s - . Intense pilot compensation is required to 0
Major deficiencies retain control

f No . . "
Is it Im . SR Control will be lost during some portion

provement g p
controllable? mandatory Major deficiencies of required operation

o S/

Pilot decisions Cooper-Harper Ref NASA TN D-5153 “ Definition of requnfed operation i{'nvowes Qesigna:.on of flight phases
andfor subphase with accompanying conditions.
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International Helicopter Safety Teamds X TV 2 [FlInternational Helicopter Safety Symposium
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BB STHR
1) JHSAT, US Joint Helicopter Safety Analysis Team: Year 2000 Report to the International
Helicopter Safety Team, September 2007
2) JHSIT, Safety Management System Tool, Edition 1, 2007
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AHS Membership Application

To become a member of the American Helicopter Society please submit this form with
your annual dues payment. Your membership will begin the day your payment is
received and processed.

AHS Dues Regular - US and Canada $65.00

Regular - International $80.00

Miltary Personnel $35.00

Retired over 60 $35.00

Student - US and Canada $25.00

Student - International $45.00

Journal of the American Helicopter Society (optional) $15.00
VFEF Scholarship Contribution (optional) $10.00

Send to:
American Helicopter Society 217 N. Washington Street Alexandria, VA 22314
(703) 684-6777 FAX: (703) 7399279

Name (First, Middle Initial, Last):

Street Address:
City, State, Country, Zip:

Telephone # (office/home):
Fax #:
Employer/College:

Job Title:
Birthdate(mm/dd/yyyy):
email address:
Applicable AHS Dues:
Sponsor:

Credit Card Number (MasterCard/Visa/American Express)
Exp. Date:
Applicant's Signature Date:
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