AD,ﬂQ.Qﬁ 2/8

TELAC REPORT 90-15

STATIC AND DYNAMIC PROPERTIES OF COMPOSITE

BLADES WITH STRUCTURAL COUPLINGS

-~
/

Final Report for period: 1 Feb. 1987 to 30 June 1990

John Dugundji

August 1990

Technology Laboratory for Advanced Composites
Department of Aeronautics and Astronautics
Massachusetts Institute of Technology

Ca:-nbridge. Massachusetts 02139

Prepared for U.S. Army Research Office
Contract # DAAL 03-87-K-0024

APPROVED FOR PUBLIC RELEASE: DISTRIBUTION UNLIMITED



NCLAST ITIED MASTER COPY
eCUR 2 *5iFICATION el

FOR REPRODUCTIUN PURPOSES

oy
REPORT DOCUMENTATION PAGE
'a REPORT SECURITY CLASSIFICATION ' ‘b RESTRICTVE MARKINGS
b lasgifiad
2a SECLRITY C_ASSFICATON AU 3 DSTRBUT.ONAJALABILTY OF REPORT
0 SECASSFCA® ON DOWNG npproved Lo public release;
Jistritution unlimited.
3 2EIFORMING ORGANIZATON R NuT S MONITCRING OQRGANIZAT ON 2EPORT NUMBER(S)
TILAC Remort 92-153 -
6 LY4023.5-EC
83 NAME OF 2ERFORMING ORGANIZATION 60 OFFICE SYMBOL 7a. NAME OF MONITORING ORGAN.ZATCN
Jechnolegy Laboratorv for (f apolicadie) .
rdvanced lompesites, M.I.T. - 5. Arav Researzh Jffice
S ADDRESS .Gy, State, and ZIP Code) "b ADCRESS fity, State, and Z2IP Coce)
MUILTL Rmo33-309 P. 0. Box 12211
- S B = A -~ .
Missachuserts Ave. Research Triangle Park, NC 277 3-.>.:
Cimhridze, MA D2139 _
33 NAME OF F NDING. SPONSORING 8o OFFICE SYMBOL 9 PROCUREMENT NSTRUMENT DENTFICATCN NUMSER
TRGANIZAT'ON (i applicable)
. 3. Arav Research Office DAALOI-F7- k0049
3¢ ADDRESS (City, State, and 2P Code) ‘0 SOURCE OF FI_NDING NUMBERS
2. 0. 3ex 12211 SEmENT O [no " AEzss.0n NO
o . . . s , £ E55.ON N
Research Triangle Parx. NC 27709-2211 )
YUOTITLE (include Securrty Clasufication)
Static and Dvnamic Properties of Composite Blades with Structural Couplinzs
'2 PEASONAL AUTHOR(S)
John Dugundli
‘la TYIE OF REPQRT 13b. T'ME COVERED '4 DATE OF REPORT (Year, Month, Day) ['S 224Gt J2.N7
Tinal =aoM _2-87 10 6-90 1390 August 27 =
"5 I_FPLIMENTARY NOTATION _ . L L
The view, opinions and/or findings contaired in this repcrt ire -=-so
>o.rhne iuthgris) and stould not be,constsued as._an gfficial Jeparrtment ot the Armv -osizion
oS ELIRAN bE el =Tolb -0 ol DUEEISo B I - 3-8 N-Vo! Signated oy orfher Socucentarisno —
7 COSAT! CODES 18, SUBJECT TERMS Continue on reverse !f necessary and .dentify by DIOcx ~umoper)
S0 | JROUP SUB-GROUP

Helicopter bl

lade, Ncnlinear vibration, Composites

"9 A3STRACT .Continue on reverse if necessary and «dentify by block number)

The present report brieflv summarizes research

static and dvnamic behavior of helicopter roter blades made of ceomposite materials.

analvtic model was developed for handling arbi
Sased on an Zuler angle representation. Resul
small amplitude vibrations about the large sta
results from a serles of structurallv coupled
the analvsis. The analytical model was later
vibrations about the large static positions.
and large amplitudes influenced greatly the fc
had little effect on the bending modes.

to study analvticallyv and experizentallw, the
A new
trarilv large deflections of composize Slides
ts for both large static deflections and

tic deflections, agreed well with experizmental
composite blade models constructed to verity
extended to include large amplitude, nonlinear-
It was found that both static derflections
re-and-aft (lead -lag) and torsion modes, tut

20 OISTRIBUTION/AVAILABILITY Of ABSTRACT

O uncLassiFIEOUNUMITED (O SAME AS RPT ) oTic usERs

2%, ABSTRACT SECURITY CLASSIFICATION
Unclassified

—

223 NAME OF RESPONSIBLE INCMVIDUAL

22b TELEPHONE (Incivde Area Code) | 22¢. OFFICE SYMBOL

OD FORM 1473, 84 MaR

83 APR edrion may be used un

All gther edrtions are obsolete.

tl exhausted. SECURITY CLASSIFICATION QF “~IS PAGE

UNCLASSIFIED




FOREWORD

The present report brietfly summarizes research that was performed

at the Massachusetts Institute of Technology under Contract No. DAAL ()3-

37-K-0024 tor the U.S. Army Research Office.

The work took place trom

| February 1987 through 30 June 1990. The principal investigator was

Protessor John Dugundji of the Department of Aeronautics at M.I.T. Two

graduate students and two undergraduates participated in this work. The

Army Research Office Technical Monitor was Dr. Gary L. Anderson.
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position, policy, or decision, unless so designated by

other documentation.
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A. STATEMENT OF PROBLEM STUDIED

The objective ot this work is to study analytically and
experimentally. the static and dynamic behavior of helicopter rotor blades
made of composite materials. Because of their anisotropic nature,
composite blades can be manufactured which exhibit some new types of
behavior such as the coupling between bending and twist or between
extension and twist deformations. There is a growing interest in using

such eftects to improve the overall performance of helicopter rotors.

The project aims to provide improved analysis methods and design
criteria for aeroelastically tailored composite blades. Also. experimental
data is generated to verify these methods and illustrate these new types of
behaviors. The specific effects studied are the above mentioned bending-
twist and extension-twist structural couplings, the intluence of large

nonlinear static deflections, and cross section shear deformation.




B. SUMMARY OF IMPORTANT RESULTS

A new, analvtical blade model was developed for handling arbitrarily
large detlection behavior of beams. The model is based on an Euler angle
representation, and can account for structural couplings such as bending-
twist and extension-twist, which are introduced by composite materials. A
finite-difference iterative procedure was used to solve the resulting twelve
tirst-order, nonlinear differential equations. The model first determines
the large deflection behavior under static loads. then a linearized version
of the model is used to determine the small amplitude vibrations of the
blade about their large static deflected position. Both techniques were
implemented in a computer code that was fast and efficient. A new
method to calculate the beam stress-strain properties of box-beams made
of anisotropic composite material laminates was also developed, as well as

a procedure to include shear deformations in the beams.

A number of small composite blade models consisting ot thin flat
graphite/epoxy laminates with tailored structural couplings, and some box
beam models were built and tested both tor static detlections and tor
vibration behavior. These experiments showed good agreement with the
analysis for both the large static deflections and the vibration behavior. It
was noted that the static vertical deflections of the blades had only a small
effect on the bending vibration modes, but had a large etfect on the torsion

and fore-and-aft modes. This was true even for small blade deflections.

A detailed summary of the above analytical and experimental results

can be found in the technical report, M.I.T. TELAC Report 89-7A. by Pierre




J. Minguet. listed in Section C (Publications, Presentations. and Technicul
Reports).  Shorter published versions by P.J. Minguet and J. Dugundj. can
also be tound in the AIAA Journal and AIAA Conference Proceedings. also

listed in Section C.

The nonlinear structural model developed above. was later extended
to include large amplitude nonlinear vibrations about the large stavce
detlected blade positions. A harmonic balance method. combined with a
finite difference technique and a Newton-Raphsc. method was used to
solve the resulting nonlinear equations. It was found that both large sttt
detlection and large amplitudes can affect the tore-and-aft (lead-lag) and
the torsion modes significantly, but that the bending modes were little
intfluenced by the geometric nonlinearities. The effects of nonlinear

amplitudes seemed most prominent for moderate static deflections.

A detailed summary of the above results for large vibrations can be
found in the technical report M.ILT. TELAC Report 90-14, by Tachyoun Kim
and John Dugundji. listed in Section C. Also included in that report. tor
interest, is a reduction of the arbitrarily large, Euler angle formulation of
Minguet to the commonly-used moderately large deflection model in terms

of displacements v, w, and twist ¢.
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C. PUBLICATIONS. PRESENTATIONS AND TECHNICAL REPORTS

. Minguet. PJ.. "Swuitic and Dynamic Behavior of Compesite Helicopter

Rotor Blades Under Large Deflection,” Ph.D. Thesis, Department of

Aeronautics and Astronautics, M.L.T., May 1989. Also, M.LLT. TELAC
Rzport 39-7A, May 1989.

. Minguet, P.J.. and Dugundji, J., "Experiments and Analysis for Large

Detlections of Composite Blades with Structural Couplings,” nresented at

2nd Technical Workshop on Dynamics and Aeroelastic Stability

Modeling of Rotorcraft Systems, sponsored by U.S. Army Research Ottice

and Florida Atlantic University, Boca Raton, Florida. Nov. 18-20. 1987.

. Minguet, PJ., and Dugundji, J., "Static and Dynamic Behavior of

Composite Helicopter Blades Under Large Detlections.” presented at [4th

Annual Mechanics of Composites Review, sponsored by Materials

Laboratory of the U.S. Air Force Wright Research and Development

Center, Dayton, Ohio, Oct. 31 - Nov. 1. 1989.

. Minguet, P.J., and Dugundji, J., "Experiments and Analysis for

Structurally Coupled Composite Blades Under Large Deflections. Part 1 -

Static Behavior. Part 2 - Dynamic Behavior,” presented at 30th

AIAA/ASME/ASCE/AHS/ASC Structures, Structural Dynamics and
Materials Conference, Mobile, Alabama, April 3-5, 1989. AIAA Papers
89-1365, 89-1366.




. Minguet, P.J.. and Dugundj. '., "Experiments and Analysis tor Composite
Blades Under Large Detlections Part 1:  Static Behavior, Part 2: Dynamic

Behavior,” to be published in A/AA Jowrnal about September 1990.

. Kim, T. and Dugundj, J.. "Nonlinear Large Vibration ot Composite
Helicopter Rotor Blade at Large Static Deflection,” M.L.T., Technology

Laboratory for Advanced Composites, TELAC Report 90-14, July 1990,
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