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ROTOKCRAFT AEROMECHANICAL STABILITY -

METHODOLOGY ASSESSMENT PHASE 2 WORKSHOP

William G. Bousman

Ames Research Center
and
Aeroflighidynamics Directorate
U.S. Army Research and Technology Activity (AVSCOM)

Introduciion

A workshop was held 1t Ames Research Center August 2-3, 1983 to discuss rhe resuits of the
Methodology Assessmem Phase 2 Continuanon. This workshop was a fuliow-on to the original
Methodology Assessment reported in Ref. 1. The present volume contains the predictions that were
obtained under the contiauation ciforts.

The original Iniegraied Technology Rotor (ITR) Mehodology Assecsment was a Government-
funded study to assess the capability of industry analyses to predict the acroelastic and acromechan-
ical stability of rotorcraft. Six different sets of experimental data were used as a baseline ranging
Z.om a hingeless rotor model in hover to data on a full-scale bearingless rotor in forward flight
as shown in Table i, For each data set, A through F, severa! cases or configuration variations
were identified to enable comparisons for a range of rotor aeroclastic effects. Analyses from Beil
Helicopter Textron, Boeing Helicopters, McDonnell Douglas Helicopter Company, and Sikorsky
Aircraft were compared with the data. The first workshop to discuss these results was held in June
1983 at Ames Research Center and was reported in Ref. 1.

Following the original assessment, two data sets were selected for a significantly more detailed
comparison in 2n effort referred to s the Phase 1 Continuadon. The first set selected (Data Set A,
Case 6) was for the torsionally-soft hingeless rotor model in hover with a soft pitch flexure and
negative droop. This particular case had siiown the greates: discrepancies in the Methodology
Assess:nent results. The second case (Data Set C, Case 3) was from an acromechanical roior-tody
stability model test where there was extensive data available on modes other than the iead-lag
regressing riode. Whereas in the original Methodology Assessmeat the basis of comparison was
the damping of the icast stable mode, in the Phase 1 Continuation the damping and frequency of
all the rotor modes in th: frequency range of the Ieast stable mode were examined.

A Pnase 2 Continuation e{iort followed the Phase 1 work. Additional computations were mace
with the torsionally-~of: hingeless rotor model of Data Set A. The acquisition of frequency data in
a vacuem test of thi. model retor (Ref. 2) prompted inclusion of new calculations to conipare with
these data as weil. A simplified hypothetical version of the torsionaily-sofy rotor rodel was also
specified that retained tie acroelastic coupling effects that had caused difficulties in the torsionally-
soft rotor comparisons but climinated the ummportant blade rcot hardware that complica ° the
assessments. Finally, two new matched-stiffness configurations were added for the acromechanical
stability test (Data Set C) that had not been examined previously.




Table 1. — Experimental Data Scts

DATA ROTOR TFUSELAGE FLIGHT SCALE SOURCE
SET TYPE COUPLING CONDITION
A Hingeless Isolated Hover Model Aerof'‘ghtdynamics
B Hingeless  Rotor-Body Hover Model Aeroflightdynamics
C Hingeless  Rotor-Body Hover Model Aecroflightdynamics
D  Traringless  Isolated Hover Model Acroflightdynamics
E  bearingless Rotor-Body Hover/FwdFlt Model Boeing Helicopters
F  Bearingless Rotor-Body Hover/Fwd Flit Full  Boeing Helicopters

The purpose of this report was to collect ar] publish the results of the Phase 1 and Phase
2 Methodology Assessment Continuation effoits for use by future investigators. Discussion of
these results is not provided in this document; conclusions about the relative merits of the vasious
prediction codes, the quelity of the predicied results, or expianation of the sources of differences
between predicted and ieasured dats are left to the reader. A full description of the experimental
data sets, the experiment:s themselves, and the prediction codes can be found in Ref. 1. Although
the analys:s resulis presented in the figures contained herein should be self-explanatory, additional
discussion of some details may be found in Ref. 1. This report is interded to be a companion to
that report.

The repo:: is organized into four sections presenting the results for the riedictions of the four
data sets addressed in the Phase 1 and Phase 2 Continuations.

Torsionally-Soit Hingeless Rotor Modei

The damping predictions shown in the original Methodoiogy Assessment for the torsionally-
soft rotor model (Data Set A) were o ained for six Jifferent cases or configurations. For the Phase 1
and 2 Continuations, more detailed predictions were made for Cases 2 and 6, and these predictions
included the damping and freguency of the flap, lead-lag, and torsion modes as weil as the biade
equilibrium fiap, lead-lag, and torsionai deflections. The additional parameters calculated in the
continuation were intended to help understand the variations in the original lead-lag damping re-
sults. The two cases studied, both with the soft pitch-flexure configuration, were Case 2 wiiout
precone or droop a? Case 6 with -5° dioop and no precone. The Case 6 configuration his the
largest acroelastic coupling and showei the widest variations in predicted lead-lag damping. The
calculations shown here ar outlined in Table 2. The task numbers shown in Table 2 refer to the
tasks listed in the continuation statement of work. The calculations arc shown on the pages indi-
cated in the table. A symbc! is shown on the torsionaliy-soft rotor plots that represents the case
plotted. The middle section of thc symbol represents the root configuration and is open for cascs
with a soft pitch-flexurc (Cases 2 and 6). The right hand section of the symbol represents the bladz
and is horizoatal for Case 2 (no precone or droop) and is canted upwards for Case 6 (-5° droop).




Table 2. — Torsionally-Soft Rotor Hover Test (Data Set A)

CASE PITCH PRECONE DROOP PHASE 2 PAGES
FLEXURE  Bp,deg  fa, deg

1 stff 0.0 0.0 - -
2 soft 0.0 0.0 Tasks 86d, 86¢  10-107
3 stiff 50 0.0 - -
4 soft 5.0 0.0 - -
5 stiff 0.0 -5.0 - -
6 soft 0.0 -5.0 Tasks 8of, 86g  108-205

The same model properties were used for the Phase 2 calculations as were used in the original
Methcdology Assessment (Ref. 1) except the analysts were instructed to adjust the the chordwise
structural properties so that the predicted noarotating lead-lag frequency matched the measured
Case 2 value. The chordwise pmperties were then fixed for the rest of the torsionally-soft rotor
cases. For the Case 2 configuration without precone or droop, the Phase Z comparisons of the-
ory and experiment for Task 86d are shown on pages 10 to 44. Nonlinear acrodynamic section
properties were used for these calculations, that is,

e = 6a — (sgna) 10a?

ca=0.01+11.1af?

The same comparisons were made in Task 86e except that linear acrodynzmic section propertics
were used

c=27«x

cqa =0 608

The pitching moment was assumined to be zero and the section propertics were assumed independent
of Mach numker for both tasks. The Task 86¢ calculations are shown ¢ pages 45 to 107. Included
in these calculations are comparisons of the linear and nonlinear predictions for each analyst.

Calculations made with nonlinear section properties for Case 6 (Task 86f) are given on pages
108 to 142. The predicticons made with lincar asrodynamic section properties (Task 86g) are on
pages 143 to 205. Again, these Ja:ter calculations include comparisons of the linear and nonlinzar
predictios s for each analyst.




Torsionally-Soft Hingeless Rotor viudel in Yacuum

Calculations of ap, lead-lag, and torsicn freq - »ncies in vacuum were made during the Phase 2
continuation and these ars compared here to experimental measurements that have been obtaired
on the torsionally-soft roter mudel (Ref. 2). These results provide an opportunity to compare basic
rotor structural and inertial anaiyses without the additional uncertainiies of acrodynarnic 1cdeling.
The calculations are shown for the cases outlined in Table 3. The comparisons for Case 2 ( Tzsk 86b)
are on pages 206 to 215. The Case 6 comparisons (' Task 86¢) aze on pages 216 to 225.

Table 3. - Torsionally-Soft Rotor Vacuum Tes¢

CASE PITCH PRECONE DROOP PHASE2 PAGES
FLEXURE  B,,deg  fy, deg

2 soft 0.0 0.0 Task 86b  206-215
6 soft 0.0 -5.0 Task 36c  216-22%

Hypothetical Torsionally-Soft Hingeless Rotor

Although the torsionally-soft hingeless rotor model represents an almost ideal cenfiguration
interided for research purposes, several physical details such as the pitch flexure and blade root
retention hardware require some care te properly represent in prediction codes. To remove these
complications and provide a more unambiguons basis for analysis comparisons, a hypothetical rotor
model was specified for the Phasc 2 calculations. This rotor shows a number of simplifications from
the actual torsionally-soft rctor model. A sketch of the hypothetical model is shown in Fig. 1 to
illustrate the coordinate system that defines th< iaae puch and precr—e angles. The blade of the
hypoihetical rotor model is defined in a - vordirate sysiem hf , where the blade axis system is defined
relative iv the coordinate system by,

bf = (Cij1bf
cosd sinf 0][cosﬂ 0 —sinﬁ]

[C;,-]=[—sin0 cosfd U 0 1 0
0 0 1 sin 0 cospf
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Tabie 4. - Hypothetical Rotor Properties

Availability Codes

- T Aval and/o
Dist vat and /o

Radius, in 36.0 Spec:al
Chord, in 35 -

Blade mass, Iby /fin ocie7 A1

Blade inertia about elastic axis, 1by -in?/in 0.0167 ' L
Flap stiffness, Ib-in? 6000.

Chord stiffness, 1b-in? 100000.

Torsional stiffaess, 1b-in? 1800.

Lift curve slope 6.28

Drag coefficient 0.01

Structural damping 0.0

where 4 is the blade pitch: angle aiid 8 is the precone angle. The blade properties are given in
Table 4. The blade c.g., and ihe elastic and te: sile axes are at the 25% chord.

Two cases were calculated ior the hypothetical rotor as shown in Table 5. The calculations
are shown on pages 226-231 for the case without precone (Task 86h) and on pages 232-237 for the
case with 5° precone (Task 86i). As in the case of the torsionally-soft rotor calculations a symbol
is used on the plots to represent the case being examired. As the hypothetical rotor does not nave
a pitch flexure there is no middie section to the syrbol. The right hand section is eitlier horizental
for zero precone cases or canted up for cases with precone.
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Table 5. — Hypothetical Rotor

PRECONE PHASE2 PAGES

ﬁ;'Ct ng
0.0 Task 86h  226-231
50 Task 861  232-237
Hingeless Rotor Body Model

Caiculations of modal frequency and damping have been compared to the coupled rotor-body
experimen:al modzl data of Ref. 3 in the Phase 1 and 2 Coniinuations. Calculations have been
mad= for Case 3 of the original Methodnlogy Assessment as well for configurations not previously
examined. The calculation cases are outiined in Table 6. Tabulated parameters in Table 6 include
thie pitch-lag coupling, ¢, and the elastic coupling, R.

Table 6. — Aeromechanical Stability

CONF. FLAP&LAG 6, R METHODOLOGY PHASE1 PHASE2 PAGES

(Ref. 3) STIFFNESSES ASSESSMENT
CASES
1 Wgo < Weo 00 O 1,2 - - -
2 Who < Weo 04 0 3 Task 84-2 - 238-249
3 wg, < Weo 04 1 - - - -
4 Wpo N Weo 00 O - - - -
5 Wgo R Weo 04 O - - Tasks 86j, 86k 250-267

The Task 84-2 calculaiiocns were made for a blade pitch angle of 9° and are compared o the
data on pages 238 to 249. These .esults inciude fregusncy and damping of several rzodes in ad-
dition to the least stable mode that was presented in the original Methodology Assessment. The
Phase 2 Continuanen addressed 2 model configuration having roughly equal flap and lead-lag flex-
ure bending stiffness levels. This “matched stiffness” configuration revealed evidence of @ dynamic
inflow mode that was lzter confirmed by analysis (Ref. 4). The Task 86 and 86k calculations were
addressed to this matched stiffness configuration and included dynam:: inflow models where avail-
able. For Task 86 the flap and leac-lag flexure thicknesses were adjusted from the Methodology
Assessment model parameters to yield nonrotating flap and lead-lag frequencies cf 7.04 and €.64 Hz
respectively. For Task 86k the adjuscments were made to provide values of 6.73 and 6.64 Hz for
the nonrotating tap and lead-lag frequencies. The Task 86j calculations were run for a pitch angle
of 9° and are shown on pages 250 to 258. The Task 86k calculations wer. run for zero pitch and
are shown on pages 259 to 267.
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APPENDIX

ROTOR CONFIGURATIGN AMALYSIS DATA
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