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A ROTOR TECHNOLOGY ASSESSMENT OF THE ADVANCING BLADE CONCEPT
William A, Pleasants

U.S. Army Applied Technology Laboratory (AVRADCOM), Ames Research Center

SUMMARY

A rotor technology assessment of the Advancing Blade Concept (ABC) was conducted
in support of a preliminary design study. The analytical methodology modifications
and inputs, the correlation, and the results of the assessment are documented. The
primary emphas{s was on the high-speed forward flight performance of the rotor. The
correlation data base included both the wind tunnel and the flight test results. An
advanced ABC rotor design was examined; the suitability of the ABC for a particular
mission was not considered. The objective of this technology assessment was to pro-
vide estimates of the performance potential of an advanced ABC rotor designed for
high speed forward flight.

INTRODUCTTON

A rotor technology assessment of the Advancing Blade Concept (ABC) was conducted
in support of the Advanced Joint Vertical Adircraft (JVX) prelimirary design effort.
This report documents the analytical methodology modifications and input, the corre-
lation, and the results of this technology assessment. The primary emphasis in this
effort was the performance of the rotor in the high-speed forward flight region. The
analytical methodolopy of references 1 and 2 was used for forward flight performance
predictions. A limfted hover analvsis wus made using the methodology of reference 3.
The correlation data base included both the wind tunnel and the flipht test data.

The advanced ABC rotor design was based on previous work by Sikorsky Aircraft, and

it was assumed that structural problems which limited the ABC Technology Demonstrator
would not impact the performance of the advanced design. The objective of this tech-
nology assessment is to provide an estimate of the performance potential of an
advanced ABC rotor designed for the high-speed flight using the best analysis method
available. The suitability of the ABC for the JVX or other missions, and/or optimum
overall svstem configuration for a given mission 1s outside the scope of this study.

The ABU technology demonstrator alrcratt (refs. 4 and 5) has Jemonstrated a
significant number of both accomplishments and shortcomings. It has proven the basic
concept of developing lift primarily on the advancing blades of a rotor system to
improve the rotor svstem lift potential. The ability of the ABC rotor to maintain
air speed at altitude was also demonstrated., The inability to slow the ABC demon-
strator rotor due to trim and rotor hub stress problems prevented it from mecting its
full speed porential. Limited level flight performance data for the demonstrator
are available in reference 4 up to a speed of about 230 knots, although these data
were not at the desired advance ratio (1) and advancing tip Mach number (NT). The
wind=tunnel test of retference 6 provides some data at the high advance ratio condi-
tiens, but has tip Mach numbers significantly lower than would be encountered in
flight. Thereiore, for an advanced rotor, it was necessary to calculate the effect
of different operating conditions (u and MT). as well as the effects of planform,




twist, taper and airfoils. The ba. ic approach taken was te correlate with the
existing flight and wind tunnel test data and then to predict the performance of a
given advanced design. Significant limitations were encountered with all of the
existing data which reduced confidence in both the experimental and the analytical
results. The performance increments werc calculated for the primary design variables
(operating conditions, twist, airfoils, etc.).

Analytical Methodology

The comprehensive helicopter analysis of reference 2 was modified to treat the
ABC rotor. In the modified code, the ABC replaces the tandem rotor configuretion.
The program modifications wer. not extensive and were required for only three sub-
routines which are given in appendix A. The ABC contrul laws given in references 4
and 5 may be represented in the analysis by redefinition of input quantities as shown
in Appendix B. The modified analysis is restricted in trim options to the free-
tlight trim cases (see ref. 2, volume 2, page 37). The major advantage of the analy-
sis 1s its ability to model the coaxial rotor realistically and thus allow computa-
tion of the rotor-rotor interference. Previous analysis of the ABC rotor was
based on a single rotor analysis which represented the ABC rotor as a single rotor
with all blades in one plane and trimmed with a 1ift offset. The present analysis is
capable of representing two rotors in close proximity with full wake interaction.
The rotor-rotor interference caused significant shifts in the rotor angle of attack
as shown in fipure 1. Calculated rotor lift-to-drag ratio (L/De) for the uniform
inflow portion of the analysis was significantly more optimistic than the nonuniform
inflow results. Comparison for the advanced design of nonuniform and uniform inflow
results with the results of references 7 and 8 are shown later in this paper.

CORRELATION

Rotor Configuration

Three ABC rotor configurations were considered in making the ABC technology pro-
jections.  (The ABC flight test is described in refs. 4 and 5. The earlier ABC wind
tunnel test data are presented in ref. 6.) Due to the limited time available, the
HMX rotor design of references 7 and 8 was sclected as the basic configuration for
an advanced ABC design. The design goals and the operating conditions for the JVX
rotor were nearlv identical to the HMX rotor, and significant changes in the perfor-
mance trends duce to major rotor design variables (twist, taper, airfoils) were not
expocted.  The chord, the thicknesses, and the twist distributions of the three
rotors used in making the technology projections are shown in figure 2 with addi-
tional characteristics piven in table 1. The airfoil data used in analysis of the
rotors were proprietarv to Sikorsky Alrcraft, but are described in general terms in
reference 7. With the exception of the airfoil data, the input required by the
computer analvsis is fully provided by the block data routines listed in Appendix C.

ABC Flight Test

The correla ion ettorts with the ABC demonstrator aircraft reflect the limita-
tions of the currently available data. No dedicated performance testing was con-
ducted tor the ABC demonstrator in che auxiliary propulsion mode. The high-speed
performance and the trim data (see figs. 136 and 147 of ref. 4) exhibit significant
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scatter due to the variation in the control trim positions (A!, B!, A8y, T), the
collective position, and the rotor speed. The variations in aircraft attitude and,
hence fuselage lift and drag, further complicate correlation. The limitations on
the available airfoil data and the ability of the analysis to represent the airfoil
distribution as reflected in table 1 were additional causes for concern.

The 1lift and drag characteristics for the ABC demonstrator are avallable in
references 9 and 10. The drag data for the ABC demonstrator and the related hub
drag scaling relations are presented in Appendix D. The fuselage aerodynauics char-
acteristics contained in the block data routine for the ABC were taken from refer-
ence 9. The measurements of auxiliary thrust, combined with the wind tunnel measure-
ment of aircraft drag, indicate a rotor drag equivalent to about 1.16m2 (12.5 ft2) at
230 knots.

Figure 3 compares the rotor flight test performance with the calculated results.
The trim attitude is compared in figure 4. The flight test data are presented as a
crosshatched region to indicate the uncertainty in the data. The calculated trim
attitude (and to a lesser extent L/D,) is 1.fluenced by the estimated rotor drag.
For the analysis, the differential longitudinal and lateral control angles were
fixed at 0° to 2°, respectively, and the phase angle was fixed at 40°. The analysis
was set to conduct a 6-degree-of-freedom trim to determine the collective, the dif-
ferential collective, the longitudinal and lateral cyclic, the pitch attitude, and
the roll attitude. The correlation with the flight test could have been improved in
the 160- to 210-knot region with additional refinement of the estimate of the rotor
drag. Due to the large uncertainty in rotor drag estimates and the limited time
available, this additional effori was not considered worthwhile at the present time.

The lift offset for the flight test data is compared to the calculated values in
figure 5. The large variations in the calculated 1lift offset at a given advance
ratio are due to the significantly varying trim conditions obtained when investigat-
ing the effects of the auxiliary propulsive force and pitch attitude. The low values
of the lift offset at high advance ratio appear to be due in large part to the trim
condition calculated. At u = 0.6 and lift offset x/R = 0.106, the collective pitch
was approximately 675 = -1°. The reduction in the lift offset with reduced 67g
appears consistent with the Sikorsky aircraft trends shown in figure 5.

ABC Wind Tunnel Test

The wind tunnel test of reference 6 was used to gain insight into the ability of
the analysis to predict the effects of high advance ratio and to calculate the lift
offset. As can be seen in table 1, the combination of flight and wind tunnel test
data still falls short of covering the advance ratios and the tip Mach number desired
for the advanced design. The wind tunnel test data does provide a wide range of .,
CL/o, B, a , and Cp/o  conditionms.

Table 1 shows the airfoil sections used in representing this rotor. A consider-
able difference exists between the actual airfoil distribution and that used in cal-
culation, but it was thought that general trends would not be greatly affected. A
3-degree-of-freedom trim was used to trim input ¢C;/0 and Cp/o. Trim to a given
shaft angle was forced through input of a large value of fuselage M,/q. The rotor
control settings for A{, AB¢, and T were not recorded in reference 6 and were
taken to be zero.
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Figures 6 to 8 present the experimental data for rotor L/D., and the correla-
tion obtained. Predicted L/Dg's at 0.47 and 0.91 were somewhat optimistic compared
to test data. At an advance ratio of 0.7, the predicted L/De was significantly
worse than the test. A detailed investigation of the results indicated significant
stall, and the validity of the computational results for this case was open to
question. The use of uniform versus nonuniform inflow or of dynamic stall models did
not affect the basic result at 0.7 advance ratio.

The 11ft offset data from the wind tunnel test were of particular interest as
the rotor shaft angle, the 1ift, and the thrust were well defined. Possible varia-
tions in these quantities for the flight test data caused considerable scatter in
the calculated results. Figures 9 to 1l present the 1ift offset data for both .
theory and experiment. The analysis significantly underpredicted the magnitude of !
the 1ift offset for all cases. The differences in theory and experiment are miti-
gated, in part, by the approximations made in input to the analysis for this config-
uration. Also, note the trend for decreasing effectiveness in B; for reducing
the 1lift offs.t as advance ratio increases.

ABC Advanced Design

As stated earlier, the advanced ABC configuration was based heavily on the
results of references 7 and 8. These references indicate that very large improve-
ments in rotor L/De are possible as compared to those demonstrated by the flight
test program. The performance estimates for the advanced design which follows are
based on both the demonstrated capability achieved in flight test, and on assumed
solutions to problems encountered by the demonstrated aircraft.

The general requirements for the advanced design were that it have a maximum
speed capability of 250 knots at altitudes up to 3000 m (10,000 ft.), with hover
performance at the design point approximately equal to the flight test aircraft.
The overall trends of the maximum blade loading and the flight envelope would be
similar to those shown for the demonstrator aircraft (see figs. 3 and 6 of ref. 5).
The advanced rotor cruise Cg/c was chosen to fall within the capability demon-
strated by the ABC aircraft flight test. The rotor does not have the capability to
hold performance up to the 7,500-9,000 m range desired for some JVX missions. A
significantly increased rotor solidity or the addition of a wing would be required
to meet the higher altitude cases. :
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A larg= portion of the predicted performance improvement of the new ABC design
is due to the more optimum operating conditions. A typical difference in blade
loading, pitch attitude and tip Mach number between the demonstrator aircraft rotor
and the advanced rotor are shown in figure 12. To meet these operating conditions,
it is necessary to significantly reduce the rotor RPM. The rotor hub and aircraft
stress problems prevented the ABC demonstrator aircraft from operating at the desired
conditions. The improved structural design and revised aircraft trim offer one means
of controlling the rotor RPM. Direct linking of the rotor and the auxiliary propul-
sion drive system offers another approach. For the pucposes of this study, it was
simply assumed that an adequate mechanism for RPM contiol would be available. The
airfoils were selected to allow operation at tip Mach numbers up to 0.85. The
advance ratio ranged from about 0.47 at maximum range speed to about 0.85 at maximum
cruise speed. The specific values are, of course, dependent on the given design
and mission requirements.
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The computer analysis was run in two modes. The initial runs were made using
the ABC demonstrator airframe aerodynamics and a full 6-degree-of-freedom trim. This
resulted in the trim attitude (0° to 1°) shown in figure 12. The fuselage aerodynam-
ics were also modified to force the rotor to trim at a given attitude, as was done
in the wind tunnel correlation. In both cases, the differential cyclic and phase
angle were identical to that used for the ABC demonstrator aircraft correlation. The
auxiliary thrust was chosen to put the rotor at or near autorotation. The final
results shown are for the nonuniform inflow case, although some uniform inflow
results are shown for comparison with the data of references 7 and 8.

The results of the performance calculations presented in figures 13-16 generally
substantiate that greatly improved performanre is obtainable for the ABC although
the present estimates are not as great as those in references 7 and 8. Figures 13
and 14 summarize the rotor performance calculations., The calculated improvement in
L/Dg between the ABC demonstrator rotor and the JVX advanced rotor design is due
about equally to optimum operating conditions, planform, and twist improvements. The
rotor-rotor interference as indicated by the difference between uniform and nonuni-
form inflow calculations showed a significant impact for all cases investigated. The
rotor L/De's for several advanced ratios expected to be typical of JVX missions are
shown in figure 15. Note that the design Cp/c has been chosen to provide maximum
L/De at normal cruise conditions, and failure to trim the rotor at the design RPM
could significantly reduce rotor L/De. Also note that L/De peaks much sooner for
the advanced design compared to the demonstrator. This is expected as the outer 50%
of the advanced blade uses an airfoil section with significantly lower maximum lift
capability than the demonstrator.

The rotor twist, particularly in the tip region, has bteen significantly reduced
for improved high speed performance. The ABC demonstrator flight test results and
subsequent calculations indicate significant regions of negative lift on the rotor
at high speed. The twist selected generally eliminated these regions. The addi-
tional reductions in twist had no benefit in forward flight as shown in figure 16,
and would have an adverse impact on hover performance.

The determination of the lift offset has a strong impact on the structural
design of the ABC rotor. For the purposes of the JVX preliminary design studies
which this effort supported, a lift offset of 32% was assumed. The present inves-
tigation was limited to the determination of the lift offset for a limited number of
cases typical of the expected operating conditions. The differential lateral cyclic
was held fixed at the same value (2°) used for the ABC flight test correlation.
Figure 17 shows the calculated lift offset at shaft angles of 0° and 4°. 1In this
case, the rotor L/D, was not significantly affected by the modified trim condition
although the lift offset was strongly affected. This general trend is in agreement
with the wind tunnel test data presented earlier. The impact of increased B! was
not calculated although it would also reduce the lift offset. Although the earlier
correlation presented indicated that the analysis tended to underpredict the lift
offset, the combination of trim attitude and increased Bi should provide an
adequate margin to keep the flight lift offset at or below the assumed design value
of 0.32.

Hover Performance
The hover performance of an ABC rotor for the JVX missions was viewed as less

important than the high speed cruise performance. The airfoils and twist were
selected for cruise performance. The very limited data available for correlation in
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hover, and the lesser importance of hover in this design study, dictated a simpler
analytical approach for hover performance. Hover performance calculations for the
Sikorsky CCHAP code may be extracted from reference This code is described
briefly in reference 11. Additional calculations were made using the Bell A7906 code
described in reference 3. Both of the analysis methods are limited to modeling the
ABC rotor as a single rotor with the same number of blades in-plane. The analytical
results for isolated rotor performance are presented in figures 18-20., Reference 7
advances a number of reasons for differences between these models and the experimen-
tal results. Figure 18 shows that both of the analysis methods are more pessimistic
than the experimental results.

However, the application of a correction factor such as that developed in
reference 7 should be viewed with a good deal of skepticism as the differences
between measured and calculated values are well within a reasonable accuracy limit
(£3% in power) for both of the analysis methods. The experience with the A7906
code indicates that the magnitude and direction of errors are not consistent from
one configuration to another, and that applying a correction factor hased on one
configuration to a significantly different configuration may easily result in an
increased error.

The calculated performance of the advanced ABC rotor is shown in figure 19.
The CCHAT results shown do not include the ABC correction factor of reference 7.
The differences between the two methods are not viewed as significant. This result
is compared with the ABC demonstrator rotor figure of merit in figure 20. Also
shown, for the purpose of comparison, is the estimated performance taken fronm
reference 7. This estimate does include the correction factor of reference 7
(0.5-2%). Note that both of the estimates show the impact of the reduced 1lift cap-
ability of the outboard airfoils at high values of Cg/o.

CONCLUSIONS AND RECOMMENDATIONS

1. Significant improvements in rotor L/D, are possible for the ABC in high
speed forward flight. These changes are due both to changes in operating conditions
and trim, and to changes in rotor aerodynamic design (airfoils, twist, and planform).

2. The optimum trade of rotor performance, lift offset, and aircraft trim have
not been identified. This effort should be accomplished nrior to development of new
ABC hardware.

3. Rotor RPM control and high rotor stress are problems that were not resolved
by the XH-59A flight test, although solutions have been proposed. Additional effort
is requiced to reduce the overall risk of an advanced ABC design. It would be desir-
able to conduct additional flight tests with a controllable elevator to investigate
effects of reduced rotor stress (rotor pitching moment). Also, further analytical
studies and wind tunn:l tests will be required to support either modification of the
demonstrator aircrafr or development of a new design. To demonstrate the full poten-
tial of future ABC Jdesigns, a new rotor and an integrated propulsion system which
powers both rotors and auxiliary propulsion devices to the ABC demonstrator would be
necessary.,

4. The present forward-flight analvsis offers a step forward in realistic
modeling of the ABC rotor. Additional modifications to the code tc improve the
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stability of the trim algorithms are highly desirable as would be an extension of
the ABC portion of tha code to include the wind tunnel mode trim options.

5. An additional correlation of the present analysis with the ABC flight
regions not covered in this study is required to define the full capabilities anrd
limitations of the analysis.
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PROGRAM MODIFICATIONS

This appendix describes the modifications to the computer code that were nec-
essary to analyze a coaxial helicopter configuration, such as the ABC aircraft. The
Computer program is described in reference 2. A temporary change was made in which
the tandem helicopter model (identified by the parameter CONFIG = 2) was used as a
baseline. The only changes required were to incorporate the control system matrix
Tcpp defined in Appendix B, and to make appropriate modifications to the print of
the input parameters. The specific program modifications made are as follows.

1) SUBROUTINE PRNTB
(a) 1In format statement 998, change TANDEM to COAXIAL.
(b) Delete line number 148 (second line after statement 1@):
IF (CONFIG .EQ. 2) GO TO 21
2) SUBROUTINE PRNTC
(a) In format statement 935, change TANDEM to COAXIAL.
3)  SUBROUTINE INITB
(a) Delete line number 183 (second line after statement 20):
IF (CONFIG .EQ ?2) GO TO 5
(b) Two lines before statement 5, betweea lire number 196:
TCFE(4,4)=-R*KPCFE
and line number 197:
GO TO 4
Insert the following statements:
IF (CONFIG .NE. 2) GO TO 4
TCFE(S,4)=9.
TCFE(1,4)=R*KPCFE
R=1.
IF (ROTAT2 .NE. 1) R=-~1,
TUFE (4, 1)=KBCFE

TCFE(S,2)=-R*KCCFE*CSC
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TCFE(5,3)=-KSCFE*<NS
TCFE(6,2)=R*KCCFE#SNC
TCFE(6,3)=-KSCFE*CSS

TCFE (4,4)=R*KPCFE
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ABC CONTROL LAWS

This appendix presents the ABC control laws, XH-59A control rigging, and the
repr otation of the ABC control laws in the analysis method used for the ABC. The
ABC co- rol variables used in references 4-6 are defined in table 2. The control
rigging used for the flight test of references 4 and 5 is shown in figure 21 (for
auxiliary propulsion mode, mid collective, and phase angle T = 40 deg).

In order to represent the ABC control laws with a minimum number of code modi-
fications, it is necessary to redefine some of the control inputs of reference 2.
The present analytical model for a coaxial rotor gives:

6o 8o
8o
B1c ®1c
§
815 ¢ eIS
u u
90 T 6S + 60
8
B1c p B1c
§
1s | | t 81s |,
Z
where
6 = 90 + 91(. cos y + 915 sin vy
and _
[ 0 0 Qk_ 0
o p

0 —Qlkc cos ch -~k sin Aws 0 0

0 -k sin Ay -k  cos Aws 0 0

c c s
k 0 0 {12k 0
o) P
0 -szc cos ch -ks sin Aws 0 0
(TCFE)Coaxial =f0 -szc sin ch -kS cos Aws 0 /]
kf 0 0 0 0
0 0 k 0 0
e
0 -k 0 0 0
a
0 0 0 k 0
r
k 0 0 0 1
_t -
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() = 1 for upper rotor, and 0, = -1 for lower rotor; subscript U refers to the
upper rotor and subscript L refers to th: lower roctor). Expanding the equation
for 6 gives

- + - - - ]
BL koS kpép kc cos(y ch)Gc L sin(Vy + Aws)dB
+ (BOL + ech cos ¥ + elsL sin w)z
and
o, " kobg - kpép + kc cos(y - ch)sc - ks sin(y + Aws)és
+ (eou + elLu cos ¢ + elsu sin w)z
These equations are equivalent to the representation of the ABC control laws if

the terms are defined as shown in table 3. Alsr shown are the corresponding
computer code input names.
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ANALYSTS INPUT DATA

This appendix provides the complete input data used to mudel the ABC aircraft.

The variables are defined in reference 2. The following listings are presented:

1)

3)

The block data routines for the XH-59A ABC demonstrator alrcraft.
(a) The trim/aicframe block data.

(b) The :otor #1 (upper rotor) block data. The rotor #2 (lower rotor) input
is identical to that for rotor #1, except for a change in the direction
of rotation (ROTATE = 1}, and appropriate changes to the TITLE and TYPE
parameters.

The namelist input required to analyze an advanced ABC helicopter for JVX,
relative to the XH~59A block data as o baseline,

The namelist input required to analyze the ABC rotor used in the wind tunnel
test, relative to the XH-59A block dota as a bhaseline,

o ———— - ——_
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BLOCK DATA
COMMON /TMDATA/FILEID(&),TITLE(20)CODE,ANTYPE(3),OPREAD(LD)+NPRNI -

BUGE25) 2 OPUNITaNROTOR ; ALTMSL, TEMP o VKTSyVEL 4 VTP ¢y RPMy UPGRNU+HAG~

2L, OPENGN.AFLAP ,MPST ¢ DENSE,OPDENS,COLL o LATCYCSLNGCYC s PEDALAPITCH, A~
AROLL,ACLIMB ¢ AYAW,RTURNy MPSIRyMREV, ITERM,EPMOTN I TERC+EPCLRCVUJF (54~

o &).DOFT(B),LEVEL(2) 4 ITERU, ITERRy ITERFyRTONTToNFRNTP o NPRNTL CXTRIMX -

STRIMyCTTRIM,CPTRIM,CYTRIM;BCTRIM,BSTRIM¢MTRIMyMTRIMD+DELTA+FACTOR, -
6EPTRIM,OPGOVT ,OPTRIM, MHARM( 2}y MHARMF( 2)

— INTEGER CQDE,ANTYPE,OPREAD, DEBUG, OPUNLT OPGRND+OPENGNyUQF,LOFT 0Py~

e _1PGOY1.KPGOYZ:KIGOVE KGOV KIGOV2,T1GOVE,T1GOV1,T1G0V2,T2,0VEsT 206U~

C

LF1G,ASHAFT(2) yACANT12) o ATILT,FSR1,BLRI +WLR1 4FSRI,BLR2WLRZ oFSud, L=

10VT,0PTRIM,OPDENS
REAL LATCYC,LNGCYC
COMMON /BDDATA/TITLB(20) yWEIGHT o IXXo I¥Y o IZZ o IXY o UIXZoIVYZ,TRATED;LUN-

2WB WL WB 7 SHT y BLNUT WLHT o FSVT »BLVT ,WLVT s FSOFF 4 BLOFF (WLUFF ,FSCLoBLLGLY -

. 1HLC61HMASTLDPSi21-CANTHT.CANTVT.KOCF‘.KCCFE KSCFEXPCFE, PL»FE PSLF=

SCCFE PRCCFE.PFPCFE PRPCFE.KFCFE.KTCFEvKACFE:KECFE.KRCFt LNIRLl(ll)-
62 NEMpKPMC1€10) JKPMS1(10),KPMC2(10) 4KPMS2(10!,ZETARL'3,10),5AMARL(3~

7,10),2ZETAR2(?,10) 4GAMAR2{3,10),QMASSt10}:QFREQ{10),QDAMP(10)+JUAMP~-
BA(10) s ACNTRL(4,10),DOFSYM(10)
_INTEGER CONFIG,DOFSYM

TRE REAL ‘XleYYvlZlvIXY'lXZolYZ'KOCFE'KCCFE'KSCFrvKPC?E'KFOLFEQKRJLFE‘
1oKFCCFEL KR CFEKFSCFE KRSCFEKFPCFE JKRPCFE ¢XFCFEJKYCFEoKALFECAELFE-
_ 2aKRCFE JKPMCL KPMS ] KPMC2KPMS2

COMMON /BADATA/UFTAW, IWB4LFTOW,LF TF Wy DRGOW s DRGVN s ORG IN¢ URGUW s DRGFN=

1+ AMAXW sMOMOW, MOMAW, MOMDW, MOMFW, STDEB, STOEP, SIDER yRULLB 4 RULLPsRULILR =

M~_ZJRQLLALIAHEJZAEELXAEB!YAHALLETQEJLEIEH'A"AXH'lHT'LFTAv'LFTRv'eﬂﬁly:__

3oIVT, FETAIL {LHTAIL HVTATIL,OPTINTY
INTFGER OPTINY

Ly LETAVLFTRV, lVT LHTAlL
COMMDN IENDATA/ENGPDS;THRTLC’!ENGyKMASTl'KHASTZvKlCS.KENb.KPbJVE'K-

2V1,T2GQV2,GSE,GS1,KEDAMP
INTEGER ENGPOS

REAL TENGsKMAST1yKMAST2,KICSoKENG,KPGOVE KPGOVL,KPGOV2 klbUVEIKILU~

LV1 +KIGOV2 ,KEDAMP
COMMON /LADATA/MVIB,FSVIB(10)WLVIB(10),8LVIBIL10),2ZETL{3,10)

1 LET2(3s101.ZET3143,;10)s 2ET4(3,10)y ZuT543,10), ZETEI3l0dy

2 lETT(3,10), ZETB(3,10), ZETS{3,10), ZET10(3,10)

. DATA TITLE/8QHABC HELICOP .R -- XHSS .

A /
DATA CODE J4HPERF /
DATA ANTYPE / (VN 0s o/

[E

.
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o * ] * *0Q/
Bﬁ;ﬁ 33%59?'0580155 1+5%0¢3%0,1,21%0/
DATA OPUNIT , NROTLR [/ 1, 2/
DATA ALTMSL , Tewmp / 0.0000000, 0.5900000F 02/
DATA OPGRND / 0O/
DATA_HAGL / o, 800000/
DATA UPENGN 7 0/
DATA AFLAP / £.0000000/
DATA _MPS1 / 24/
DATA DENSE / 0.23T7999€E-02/
DATA OPDENS /7 1/
DATA COLL s LATCYC /7 0.693999385 01, 0.0000000/
DATA LNGCYC , PEDAL 7/ 0.2529999E 01, 0.00000007
DATA APITCH , AROLL / 0.0000000, 0.0000000/
o DATA ACLIMB , AYAW / 0.0000000, 0.0000000/
DATA RTURN 7/ 0. 0000000/
DAiA MPSTR ¢« MREV ! 24, 1/
DATA iTERM 7 20/
DATA EPMOTN / 0O.2000000E-01/
DATA [TERC / 20/
DATA EPCIRC 7/ 0.9999999E-03/
DATA DOF,DOFT/2%1,14%0,2%1,36%0,2%1,2%0,2%1,2%0/
DATA LEVEL 7/ 1, 1/
DATA ITERU s 1TERR / 1, 1/
DATA ITERF » NPRNTT 7/ 0, 1/
DATA NPRNTP , NPRNTL / 1, 1/
DATA CXTRIM , XTRIM / 0. 0000000, 0,0000000/
DATA CTTRIM , CPTRIM 7 0.0000000, 0.0000000/
DATA CYTRIM , BCTRIM / 0.0000000, 0.0000000/
_DATA BSTRIM_ / 00000000/
DATA MTRIM s MTRIMD / 20, 20/
DATA DELTA y FACTOR / 0.,1000000€ 01, 0,2999999E 00/
DATA EPIRIM _/ 0,9999998E-02/
DATA OPGOVT , OPTRIM 7/ 0, 5/
DATA MHARM /7 &, &/
DATA_MHARMF_ 7/ 0, 0/
c
DATA TITLB/BOMABC TECHNOLOGY DEMONSTRATOR AIRFRAME
A /
DATA WEIGHT , TXX / 0.1330000€ 05, O,1400000E 05/
DATA 1YY 122 / 0.1200000€ 06, 0,1100000E 06/
DATA IXY Lo IXZ / 0.0000000,  0.,0000000/
DATA 1Y2 « TRATIO / 0.0000000, O, 1000000 01/
DATA CONFIG /7 2/
_— OATA ASHAFT /7 . 0.0Q00000, _ _  0.0000000/ _
14
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DATA ACANT .

OATA ATILT 7 rsr10°0999900y 1 50358889°°%/ 4. 0000000/ o
DATA BLF] , WLR1 / 00000000, 0,7499997€ 01/ |
DATA FSR2 . BLR2 ; 0.0000000, 0.0000000/ |
DATA WLR2 . FSWB / G.4999998E 01, 0.0000000/ *
DATA BLWB . WLWB / 0.0000000, 0.0000000/ ‘
DATA FSHT . BLHT / 0.2100000€ 02, 0.0000000/

DATA WLHT » FSVT / 0, 0000000, 0.0000000/ -
_DATA BLVT , WLVT / 0.0000000, 0.0000000/

DATA FSOFF o BLOFF / 0.0000000, 0,0000000/

DATA WLOFF , FSCG / 0.0000000, 0.0000000/

DATA_BLCG , WLCG / 0.0000000, 0.0000000/

DATA HMAST _ , DPSI2L 7/ 0.0000000, 0,0000000/

DATA CANTHT , CANTYT 7/ 0.0000000, 0.0000000/

DATA KOCFE  , KCCFE / 0.1000000E 01, O.1000000E 01/

DATA KSCFE , KPCFE / 0.1000000€ 01, 0.1000000E 01/

DATA PCCFE o PSCFE / 0.5000000E 02,~0.5000000E 02/

DATA PPCFE _ , KFOCFE__/ 0.0000000. 0, 1000000E 01/

DATA KROCFE + KFCCFE / 0.1000000€ Ol, 0.1000000€ Ol/

DATA KRCCFE , KESCFE / 0,1000000E Ol, 0.1000000F 01/

DATA KRSCFE , KFPCFE _ / 0.1000000E 01, O.1000000E 01/

UATA KRPCFE , PFCCFE  / 0.1000000E 01, 0.0000000/

DATA PRCCFE , PFPCFE 7/ 0.0000000, 00000000/

o ___DATA PRPCFE o KECFE 7 0,0000000, 0.0000000/

DATA KTCFE , KACFE / 0.0000000, 0.0000000/

OATA KECFE o KRCFE 7 0.0000000, 0.0000000/

DATA CNTRLZ 7 0.0000000,-01690000E 01,-0,1129999E 01,

A 0.0000000,-0,8399998E 00,-0,1T779999F Ol 0. 00UJVVU

A 0.0000000, 0.0000000, 0.0000000, 0. 0000V0V/

DATA NFEM 7 QZ

DATA KPMCLl,KPMS1 KPMC2yKPMS2/40%0,/

DATA ZETAR] ,GAMAR],ZETAR2,GAMAR2,QMASS,QFREQ)QDAMP,QDAMP A, JUNTR. /2
—  100%0./7 . B

DATA DOFS>.i/10%0/

c
__ _ ___DATA LFTAW , 1WB ! 0.0000000, 0.0000000/
DATA LFTDW v+ LFTFW / 0.0000000, 0.0000000/
DATA DRGOW + ORGVW /-0.9000000E 01, 0.0000000/
—  DATA DRGIW .+ DRGDW / Ue9999999E 10, 0,0000000/
OATA DRGFW » AMAXW / 0.0000000, 0.2000000E 02/
DATA MOMOW » MOMAW / 0.0000000, 0.1000000€ 08/
——____DATA MOMDW 4 MOMFW  / 0.,0000000, 0.0000000/
DATA SIDEB y SIDEP / 0.1640000€ 03, 0.0000000/
DATA SIDER s ROLLB / 0,0000000, 0.3930000€ 02/

e __ DATA ROLLP. o+ ROLLR __/__ _ 0,0000000, __ 0,0000000/

15
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DATA ROLLA

= e e —— o

B
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’ -
DATA YAWP . ¥f / 8:8888888 ;-0 733 48885088/
_DATA YAWA  , \F' MM/ _ 0,0000000, 0.0000000/
DATA LFTEN , AN um 7 0.00008000,  0.000000W7
DATA [HY v LETAV / 0.,0000000, 0.0000000/
.. .. DATA_LFIRV o AMAXV__ /  0.0000000, 0.0090000/
DATA IVY v EETAIC 7 0.0000000, 0.
DATA LHTAIL , HVTAIL ¢/ 0. 0000000, 0,0000000/
. DATA UPTINY /2 Q/ _ __ . N
DATA ENGPOS /7 2/
DATA THRILC /7 Q.5 )90Q00€E 05/ = = _ N
DATA 1ENG / 0.1)00000F 02/
DATA KMASTL1 / 0,3)00000E 05/
DATA KMAST2 / 0,3000000€E 05/ e e e e
DATA KICS ¢ 0. 3000000E 0%/
DATA KENG ¢ 0. 3100000€ 05/
DATA KPGOVE / - 0.0000000/ - e
DATA KPGOV1 / 0. 0000000/
DATA KPGOV2 / 0. 0000000/
DATA KIGOVE / 0+ 00Q0000/ i
DATA KIGOVY / V. 0000000/
DATA KIGOV2 / ('« 0000000/
..DATA TIGQYE /7 9.221999%€ QO . __ . . . . . __
DATA TIGOV1 7/ 1.2219999E 00/
DATA T1GOV2 /7 1.2219999E 00/
DATA T2GOQVE /7 t 2%40000€-01/ e e e
DATA T2GOVY /7 (.2%4D000E-01/
DATA T2LQOV2 /7 0. 2%40000E-0)
DATA GSE ! 0e9999990E-02/ -
DATA GSI ! 0.9U99998E-02/
DATA KEDAMP /7 U.1C00000F 01/
DATA MVIR /7 o/
END



)

eam i hs e —— ——

BLOCK DATA

ORIGINAL PAGE IS
OF POOR QUALITY

COMMON /RIDATA/TITLE(20) s TYPE,VTIPN,RADIUS +SIGMA GAMMA,NBLADE, TOAN~-

AlPﬁnloﬁﬂfcllnéﬂPﬁzﬁyﬁﬁLﬁvﬁixﬁgﬂﬂ%%*g%‘";%tko‘"PcilU‘"’"{%%%!?%&%}%ﬂlu
* L4 [ 2ae

2+:0PTIPLINTW, THISTL ROTATE, OPHV D, GSBUTOY.GS
JADELAY JAMAXNS «PSIDS(3) s ALFDSU3) JALFRE (3),CLOSP 4CODSPCMUSP o UPYAw U~

APSTLL yOPCOMP s RROUT yKHLMDA s KFLMDA s FXLMOA FYLMDA s FMLMDAFALTHU o KINTH -

S KINTF KINTWB KINTHT,KINTVT, INFLOWT6)  RCMAX ,NOPB, REPL,KFLAP,XLAG R~
6CPLS  TSPRNG s NCOLR ¢ NONROT s P INGE s NCOL Ty KPIN(PHIPH, PHIPL RPB JRPH( XPH,y -

TATANKP(10) ¢ DEL3G o MBLADE yEPMODE ¢ MRDy MRMyMASST o XIT ) EFLAP ELAGIKFA Y LF -
AALXFAGWTINGFTOFTC F TR KTOKTC 4KTR,CONE ,DRODP, SWEFEP o EDROUPFSwEEP, -
IMRA (RAE( A1) CHORD(30) ¢XAC(30) ¢ XA{30), THISTAI30), THETZLL 30) ¢ MCURKLL ~
A30) yMCORRD(30) 4MCCRRM(30) 4MRTIJRI{SL1) ¢ XIUSL) o XCUS1)oeKP2USL) I MASS(SL-
Bl ITHETA(SL) o GILSL) (FIXXIS N oERZZIBIN « TWISTTISYY ~ D

REAL NUGC¢NUGSLDANPC s LDAMPM,LDAMPR yKHLMDA  KFLMD Ay K INTHy NINTF  KANT =
1WB yKINTHT (K INTVT KFLAPKLAGyMBLADE yMASST yKTO K TC s KTRyMLUKRL ¢ MCURRD -
2o MCORRM KP? ¢ MASS, ITHETA

INTEGER OPTIP,ROTATE,NPHVIR,0PUSLD,OPYAN,OPSTLL s OPCOMP INFLUWIHING -
LE«NWTIN e ] ) o

COMMON /GIDATAZKFWG eDPFWG, ITERWG FACTWG JWGMODUTEY JRYWGI{Z) s COREwS (4=
1)+ MRVANG o LOMWG ¢ NDMWGT 360, IPWGDB L 2) 4 QWGDB, DQWG L 2)

INTEGER OPFWG WGMODL ) o ]

COMMNN /WIDATAZEACTWN (OPVXVY  KNWoKRK o KEW KDW (RRU ¢ FRUPRUFNM2UVS 4D -
ILSeLORE(S) qOPCORF(2), WKMODL{13) yOPNWS 12) LKWy OPHN,OPRTS o VELB s IPHIB -
2:D0BY . QDEBUG e MRGy NG (30 ) ¢ MRLNL {200, OPHKBP(3) KRNG OPRWGoFWGTE 20 Flub =
ASTI2V G FNGSDL2) JKWGTI4) s KWGST L&) KNGSOLA)

INTFGER OPVXVY ,0PCURF yWKMUDL ¢ UPNWS y OPHM (OPRTS, OPWKBP ,0PRNG

REAL KWGT KWGSL¢KWGSO i e

COMMON ZLLDATAZMHARME o MHLOAD ¢ MALOAD s MRLOAD s RLOAD { 201 +NPULAR s NaKGMP -
104) MUKGMP, JWKGMP (8 ) o MHARMNI ] (MTIMENT 3),MNOTSE RANGE(LU) oELVAIN(L =
20) JAZMUTHILO0) o KFATIGe SENDUR(L18) yCMAT{18) EXNAT(L8) ¢ NPLUT{TS5)aKS(3-
100, OPNOIS (&)

INTEGER OPNOIS

DATA TITLE 78OHABC TFCHNDLOGY DEMONSTRATOR -- UPPER RUTUR
A /

DATA TYPL /4HUPR  /

DATA VTIPN » RADIUS / 0.5500000F 03, 0.1800000€ 03/
DATA SIGMA s GAMMA / 0.1270999F 00, 0.STT1399F 01/
DATA NBLADE /7 3/ .

DATA TDAMPO, TDAMPC  TDAMPR ¢ NUGC s NUGS , GDAMPC s GDAMPS . L DAMPL,, LOAMPM, LD
LAMPR/ 9904414/

DATA BTIP / 0.9799998E 00/

DATA NPTLIP v LINTW / 1, 0/

DATA TWISTL /-0.913%0000F 01/

DATA RQYATE /7 =1/
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DATA OPHVIB 7 1
DATA OPUSLD 7 2/ ' ls v/

DATA GSB,G6ST/15%.,01/

DATA TAU /-0,1000000E 01,-0.1000000t 01,-0.1300000t Ul/
DATA ADELAY 4 AMAXNS / 0.1500000E 02+ 0.4000000& 01/

DATA PSIDS,ALFDS.ALFRE/6%15.93%12,./

OATA CLDSP « CODSP / 0,2000000E 01, 00000000/
DATA CMDSP /~0. 6500000 00/

DATA OPYANW v OPSTLL / 0y 1/

DATA OPCOMP /7 1/

DATA RROOT o KHLMDA /7 0.1999999E 00, 0.1150000 01/
DATA KFLMDA o FXLMDA / 0,1499999€ 01, 0.3000000€ 01/
DATA FYLMDA , FMLMDA / 0.2000000E 01, 0.2000000t 01/
DATA FACTWU o KINTH / 0.5000000E 00, 0.1199999t 01/
DATA KINTF + KINTWB / 0.8999997TE 00, 0.0000000/
DATA KINTHT , KINTVT / 0.0C00000, 0.00000007
DATA INFLOW / 1, 3, 0, 0, 0. o/

DATA RGMAX 7/ 0.1999999E 00/

DATA NOPB,RCPL,KFLAPyKLAGRCPLSyTSPRNG/0s1,4%0,/

DATA NCOLB » NONROT / &, 1/
——_DATA HINGE 2 NCOLT / l, 2/

DATA KPIN /7 1/
OATA PHIPHyPHIPL +RPByRPH¢XPH,ATANKP/15%0./

DATA DEL3G o« MBLADE / 0,0000000,-0,1000000E 01/
DATA EPMODE / 0.1000000E O1/
DATA MRB y MRM / 40, 50/

— - DATA MASSY 2 XIT / 0.0000000, 0.0000000/
DATA EFLAP + ELAG / 0.9199995E-01, 0.9199995E-01/
DATA RFA v LFA / 0.5000000F-01, 0.0000000/

——DATA XFA £ 0. 0000000/

DATA MWTIN /7 2/
DATA FT0 +» FTC / 0,4500000c Ol, 0.4500000t Ol/

.—— DATA FTR 5 KYO0 7/ 0.4500000€ 01, 0.0000000/
DATA KTC v+ KTR / 0.0000000, 0.0000000/

DATA CONE,DROCP, SWEEP,FORUOP,FSWEEP/3,44%0./
—__DATA MRA___ /157

DATA RAE/ 290390432 05390690669eTl9e750079¢0B20 0850088009000 9%9s97s

114415204/
____DATA CHORD _ / 0.9582996E-01s 0.8704996F-01,

0.8092999€-01,

A 0.7639998E-01, 0.7293999€~-01, O.7000995E-01.,
A 0.654R995F-01, 0,6361997E-01, 0.6203000E-01,

_.A_Qe.5883000E-01, 0.,5723000E-01y 0,5564000E-01y Q.5404000t=Ul¢l5¢u./

0.6T61998E-01,
0.6043000E-U1,

DATA TWISTA / 0.4399998E Ol, 0.,3619999E 01,
A 0.1919999€ 01, 0,1320000€ 01, O.7699998E 0O,

A-042499999E 00s-0.6899998E 00,-0.1030000E 01,-0.1679999¢L 01,

18

0.,2659999¢t Ul
0.2499999t U0,
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A~0,2189999E Olé;0.26899996 0lﬁig:38833375026::862Y?7999t V1s15%0./

DATA XAC,XA,THETZLMCORRL,MCO
DATA MR} [ 247

DATA R1 / 0.0000000y 0,9199995E-01,4 0.920999¢k-VUl,

A 0.1149999E 00, 0.1151000E 00,
A 0,1619999€ 00, 0.,1621000E 00,

0.1389999¢
0.2300000E

00,
00,

0.1391000t 0QU,
042999999t U0,

A 0.3999999€ 00, 0.4999998E 00,
A 0,7369999E 00, 0.7370999E 00,
A_0,9389999€ 00, 0,9390999E 00,

0.5999998E
0.T7999997E
0.S729999E

00,
00,
00,

0.6999997E VU,
0.8999997E VU,
0.9730999E UU»

Al.,27%0./
DATA X1,XC/102*%0./

DATA KP2 / 053899998E-04y 0+3899998E-04, 0.1699999E-V3,

A 0,2079999E-03y N.1749999€E-03,
A 0.1789999E~03, 0.,2039999E-03,
A 0.,2459998E~03, 0.2459998E-03,

0.1919999€-
0.2469998€E-
0,2429999E-

03,
03,
03,

0.1619999E-03,
0.2619997t-03,
0.2569996E-03,

A 0,2659997€~03, 0.1769999E-03,
A 0.1209999E-03, 0.3799997E-04,
A 0,2799998€~04,27%04/

041639999~
0.3399997E-

03,
04,

0.1339999E-03,
0.2799998E~04

DATA MASS / 0.3617799€ 01,
A 0.6712999E 00, 0.6712999¢F 00,
— A 0,5519999E 00, 0.5519999E 00,

0.6119999¢
0.4379999¢€

oo,
00,

0,3617799E 01y 0.8204999k VU,

0.6119999t 00,
043431999 J0,

A 0,2531999E 00, 0.2016000E 00,
A 0,1044000E 00, 0.1565999E 00,
— A 0.1194000FE 00, 0.3803999€ 00,

0.1488000€F
0.1452000E
043803 999¢

00,
00,
00,

0.1152000t VU,
0.1267999E 00,
0.4624999E VU,

A 0.4624999E 00,27%0./

DATA ITHETA / 0.4529999-01, 0.,4529999E-01s 0.4529995E-Vl,

A 0.4529999E-01, 0.3809999€-01,

0¢3809999E -

ol,

0.321000ut-V1,

A 0.3210000€-01, 0.3650000E-01,
A 0.2020000€E-01s 0.1610000E-01,
A 0.8999996E-02s 0.8999996E-02,

0.3500000€-
0.1170000€E-
0.7699996E-

01,
01,
02,

0.2910000E-01
0.9599999E-02,
0.549999E-02,

A 0.4699998E-02, 0,4699998E-02,
A 0.419999T7E-02,27%0./

0.4199997E-

02,

0.419999TE-VU2,

DATA _GJ / 0,4784T00E OT7, 0.4T84T00E 07, 0.4784700E VT,

0.4210000€ 07, 0.4210000E 07,
0.2860000€ 0T, 0,.2860000E 07,
0.5400000E 06+ 0,2600000E 06,

0.3500000E
0.1528000€
0.1100000¢t

07,
07,
06,

0.3500000€ 07,
0.1040000t U7,
Ce 600000UE U5,

0.5000000€ 05- ..5000000€ 05,
0.2100000€ © 0.2100000E 05,

> > > (2 I» >

0.4000000¢F
0.2090000€

95,
05,

0. 2200000t U5,
0.209000VE U5,

042080000E 1 4927%* +/
DATA EIXX / G.55:2200€ 07,
A 0.4375000€ 07, 0.4475000E 07,

A 0,3400090t 01, 0,3400000E 07,

0.3860000E
0.2740000F

0.5972200E 07,

07,
07,

0.5972200t U7,

0.3860000E 07,
0.2230000E 07,

A 0.1770000€ 07, 0.1500000€ 07,
A 0.8800000f 06, 0.8800000€ 06,

0.1250000¢
0.7300000¢

19

0T,
06,

0.980000Vt U6,
0.5000000E 06+

A D.4600000E 06: 0-4600000E 06, 0,4200000€ 06y 0.4200000E€ V6.
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A 0.3889000E 06+27%0./
DATA EI22 / 0.5972000€ 07y 0,5972000E 07y 0.5972000E 07,

A 0,4220000€ 07, 0.4220000E 07, 0.3540000€ 07, 0.3540000E 07,
A 0.2880000E 07, 0.2880000E 07, 0.16TO000E 07, O,1080000E 07,
A 0.6800000€ 06y 0.4100000E 06, 0.2400000E 06, 0,1500000E 06,

_A _0o1400000E 06, 0,1400000E 06, 0,1100000E 06+ U.900000UE U5,
A 0.,8000000€ 05, U.3000GOOE 05, 0.,T7000000E 05, O, 7000000E 05,
A 0.5560000E 05,27%0./

DATA TWIST] 7/ 0.6000000E Ol, 0.5479999E Ols, 0.5479999E 01,
A 0.5299997E 01, 0.5299997E 01, 0.5099998E 01, 0.509999st 01,
A 0.4919998E O0l, 0.4919998E Oly 0.4519999F Ol, 0.4029999t ui.
A 043349998F Ols 0.2489999E 0Ol, 0.1599999E 0l, 0.5899999t U0,
A 0.1799999€ 00, 0.1799999E 00,-0.6199998E 00,-0,22T9999¢t Ol,
A-0.2889999E 01,-0.2889999E 01,-0.3449999E 01,-0.3449999E 01,
A-0,3999999€ 01,27%0./

o
DATA KFHWG /7 48/
DATA_QPFWG /7 1/
DATA ITERWG 7/ 2/
DATA FACTHWG / 0,5000000E 00/
DATA WGMODL_ /7 1, 1/
DATA RTWG / 0.9999996E-01, 0.4000000E 00/
DATA COREWG / 0.4999999E-01y 0.4999999E-01,-0.1000000E Ul
A -0.1000000F 01/
DATA MRVBWG 7/ 2/
DATA LDMWG /7 12/
DATA NDMWG/3%6,6%3,6%6,6%3,3%6,12%0/
DATA IPWGDB / &6+ 6/
DATA QWGDB / 0.9999996E-01/
DATA DQWG / 0.4999998E-03, 0.4999998E-03/
C
DATA FACTWN 7 0,2999999€E 00/
DATA OPVYXVY [/ 1/
DATA KNW /7 2/
DATA KRMW /7 &/
___ DATA KFW / 48/

DATA KOW / 48/
DATA RRU / 0.8N00000E 00/
DATA ERUY / 0,8000000E 00/
DATA PRU / 0.9000000€ 02/
DATA FNW / 0.8000000€ 00/

. DATA DVS_ 7/ 0.9999996E-01/
DATA DLS /7-0.1000000€ 01/
DATA CORE / 0.4999999E-01ly 0e%#999999E-01s 0,%999996¢E~U1l,

______ A . =01000000€ 01,-0,1000000E 01/ e .
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DATA
DATA

DATA

DATA
DAYA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA

DATA

DATA
DATA
DATA
DATA
DATA

DATA

DATA
DATA
DATA
DATA
DATA
END
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OPCORE

uxnoothooz.§-39

QPNWS /7 1, M/

LMW / 30/

OPHW /7 1/

oPRYS /7 o/

VELB 7/ G.3329999FE 00/

DPHIB / 0.0000000/

[\]:} _ 4=-G.1000000E 01/ .
QDFBUG 7/ 0.1000000€ 04/

MRGING/T1S54t 02v30805:64Te8+9930,12412423014,15,15¢0/

MRLoNL/1S0102¢30%95¢69T18¢90104110012013,14415,13%0/7
OPWKBP / 0, 0, 1/

KRWG 7 96/

OPRMG_ 7/ A/ e e e
FRGY FWG ST, FUGSD JAWGT , XKWGS T, KWGSO718%1,7

MMARML /s 10/ e
MHLOAD / 0/

MALOAD /7 -1/

MRLOAD / 0O/ o . .
NPOLAR / 2/

NWKGMP 7 0, 0, 0/

MWKGMP /7 0/ 3 i . I

JNKGNP  / 12, 18, 24, 0, 0, Uy o/
MNDTSE / o/

KFATIG &/ L
ssNoua.cnar,stATlla-—l..lat-i..lﬁib.r

NPLOT/4%0,2,36%0,1,3320/

",
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ENLTRIM

TITLE=AHADVA, OHNCED 4K ABC . 4H HEL ,AHICOP AHTER ¢4H== J,0HVX
_JTERC=8,(PTRIM=]l,FACTOR= A,EPTRIMNe, 003, o

COLLmT 02, LATCYCw=¢ 23 UNGCYCoT. 54, PEDAL= .2 4 API TCH=0, ¢ AROLL®< 25 ¢

SEND

ENLRTR U

TITLE=AHADVA, 4HNCED AN ABC,¢ . HEL AHICOP,AHTER ,4H v

SIGMA® L7, LINTW=L, TWISTL==8,,

CHORD=¢ 1591 1 143401269001159410%5894098144091 8100086200081 3000771,500729:40687,

CHORD(13)2.0648,.060%, 0861,

CEND

ENLWAKE EFND

ENLRTR

TITLESQHADVA AHNCED s4H ABC,4H HEL ,AHICOP,AHTER ,4H '

SIGMA= 1 7oL INTW=1 o THISTLw=8q, —— - e

CHORD®o1591 4o 14340126900115+01058,009814.0918,.0862,.0813,e0770¢+0727+.0687,

CHORD(13)=,0645,,0603,.0%61,

EEND

ENLWAKE §END

ENLBODY

WEIGHT=15268., e e e e e e e e

CNTRLZ=0es=1e53¢=1¢29400+-1.53¢-1:.29,%%0,,

INA==2,6,LFTAN®288, yDRGON® -5 .82 ,MOMOW==]100, y MOMA W= ~2206. ,

CEND

——— — - = s o ———
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ENLTRIM o
TITLESAHABC +4HWIND,&H TUN,4HNEL ,4HTEST,
ITERC=8,0PTRIM=1,FACTOR=,6,EPTRIM=, (005,

__CUTI;TTUE?ETTCVf;-.25.[“6(if--.!i.ﬁ!ﬁi[-.f'xplIEH-E..IRULL-.ZS.
CEND
ENLRTR

TITUE=4HABC +4HWIND,4H TUN,4HNEL ,4HTEST,4H » &H *
RADIUS=20, » SIGMA=,11125,LINTH=],THISTL=-8. +CONE=S5,,
CHORD=408333,,07758y407183,,0675890064339,06158,,059334405733,+.05558,.05408,

TCHORDTT11=. 05258405108, c04958,,04808,,04658,
EEND
ENLWAKE ELEND

TENLRTR
TITLE=AHABC +4HWINDs&H TUN,4HNEL ,4HTEST,4M o&H '
RADIUS=220. ¢ SIGMA=, 11125, L INTH21, TWISTL==8,4CONE=O,,

CHORD=2083337407758,007183,406758,006433,,06158,.05933+,05733,.05558,.J 5408,
CHNRD(11)=.052584+05108, 04958, +04808,4 04658,
__GEND

ENLWAKE EFND
ENLBOOY
WEIGHT=5629,4PCCFE=904 +PSCFE=-90.,

CNTRLZ‘Z‘OO"2002‘000'20!5‘000
DRGOW=~-T.75,51DEB=0.,SIDEP=0,.,SIDER=0,,
EEND
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APPENDIX D OF POOR QUALITY

ABC LIFT AND DRAG CHARACTERISTICS

This »ppendix summarizes the 1ift and drag data for the ABC extracted from
a number of references. The aerodynamic characteristics of the ABC demonstrator
were taken from references 9 and 18. Several different trending relations were
also investigated to estimate the variation of ABC rotor hub drag with size.

The ABC demonstrator aircraft 1ift and moment characteristics are stown in
table 4. Based on the data in table 4, the following model of the airframe aero-
dynamics was used for the calculations:

L/q = La/q(a + 1) = 288. (a - 2.6)
M/q = Mo/q + Ma/q(u + 1) = =109, - 2296. (a - 2.6)

Lyp/a = @
Note that the horizontal tail was held fixed, and fuselage and tail represented as
a unit in this study. The drag of the ABC demonstrator aircraft was based on the
data of reference 10. Table 5 compares the full scale data of reference 10 with
a reduced scale test. Table 5 also presents the drag increments for removal of the
ABC demonstrator rotor instrumentation can and for various hub and shaft fairing
combinations. Table 6 presents an estimated drag breakdown for the ABC demonstra-
tor. Variation of drag with angle of attack is shown in figure 22. The corre-
sponding lift variation is approximately

L/q = -4.0 + 5.2a ft2 = -,37 + .48a m?
The flight test data shows a = 5° for speeds from 160 to 230 knots.

The variation of rotor hub drag with size was predicted using the methodology
of reference 12 combined with several trending relations developed for preliminary
design applications. Rotor hub and shaft drag can be reasonably approximated by

Fub+shaft = Cpit

where

(@]
L}

1.35(.582 + .376 A, -~ .@66 A%)(Af in. m?)

f
1.35(.582 + .@349 A, - .0@@57 Ag)(Af in. ft2)

Rotor hub and shaft frontal area A, was approximated by two different trending
relations. Either method provides reasonable results. Both methods are compared
in figure 23. The first method of trending frontal area was based on transmission
power rating and was developed for the Applied Technology Laboratory preliminary
design code PDP. The trend was adjusted to pass through the ABC demonstrator
point and maintain the same variation as conventional rotors with transmission
rating. Hence the conventional rotor trend line

A = .007503 * HPTRA*°75% 2 = .P8P76 * HPTRA-°75% ft?

is extrapolated to the ABC trend line
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TABLE 2.- CONTROL LAWS

ORIGINAL PAGT IS
OF POOR QUALITY

Collective Control

Differential collective control
Longitudinal control

Differential longitudinal control
Lateral control

Differential lateral control

Upper rotor blade feathering

Lower rotor blade feathering

%(eou
%(eou
%(AIU
%(AlU
%(BIU
%(BIU
(69 +
- (A
- (B1
(8g -
- (A

+ (B;

+ %L)
- 8oL)

+ A1L)

1

AL
- Bp)
+ Byy)
A8g)
+A))
+ B))
ABg)
- A})

- B])

cos

sin

cos

sin

(by + 1)

(wU +7T)

(WL + 1)

(b + D
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TABLE 3.~ ANALYSIS SYMBOL DEFINITIONS IN TERMS OF THE ABC CONTROL LAWS

Analysis symbol

ABC control law

Computer input symbol

5 "
O
o

GlCL) A} cos
z

' o
elsL) -A, sin
z

Vi v
P (]hu)m Al sin

B0

=48y

-Bl

..Al

r -

1.0

1.0

1.0

0.

90 - T

90

sin

. sin

cos
1

cos

COLL
PEDAL
LATCYC
LNGCYC
PCCFE

PSCFE

CNTRLZ(5)

CNTRLZ(2)

CNTRLZ (6)

CNTRLZ(3)

K@CFE
KPCFE
KCCFE
KSCFE

CNTRLZ (4)

CNTRLZ (1)

P T,

P o
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TABLE 4.- ABC DEMONSTRATOR AIRCRAFT AERODYNAMICS

With tail(l)Without tail

Tail delta
c, ¥ 0.283 0.115
a
3
cMu(2'~) -0.0602 0.0344
L, /1 26.8 m? 10.9 m? 15.9 m?
288, ft2 117. ft? 171, £e2®)
M /q -62.47 m3 35.71 m3 -98.17 m3
-2206. f£t3 1261, 3 -3467. £e3)

1 (L =0 at -2.6° -7.0°¢®)

a = -1i)

CM at a =20 0 0.
-(M_/q)1 -2.83 m? -4.36 m3

-100. ft3  -154.  ft3
Notes
. _ °

(1 dq =72

(2) Reference area = 94.56 m2 = 1017.9 ft2 (full scale)

(3) Reference lengtl = 10.97 m = 36.0 ft (full scale)

(4) Effective tail length = 6.19 m = 20.3 ft; geometric tail

length = 6.34 m = 20.8 f¢t.

(5) Horizontal tail area = 5.51 m? = 60. ft?; CLa = 2.85

(6) Effective incidence of horizontal tail = 0.4°

(7) Elevator locked for all auxiliary propulsion testing
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TABLE 5.- XH-59A DRAG SUMMARY OF POOR QUAL TY

Drag/q increment relative baseline

basrline £ = 1,539 m? = 16.57 ft2 at 120 knots
baseline £ = 1.550 m2 = 16.68 ft2 at 180 knots

Cc.figuration rotor off, hubs rotating rotor on
1/5-scale full scale full scale full scale
143 knots 120 knots 180 knots 142 knots

Baselirc 0 0(1) 0 0 0 0 0 0

unfaired hubs
instru. can on

Unfaired hubs =146 -1.57Y) o137 147
unfaired shaft

no instr. can

162 -1.74 - @

(2

Faired hubs -.208 -2.24 -.180 -1.94
unfaired <haft

.224 -2.41 -

191 -2.06  -.121 -1.30®

]

Faired hubs -.127 -1.37 -.165 -1.78
faired shaft

skewed shaft

fairing

(3) (3) (3,4)

Faired hubs -.228 =2.45 ~.266 -2.86
faired shaft

.292 -3.14 -.221 -2.38

Notes
(1) Full scale increment for instrumentation can drag used for comparison.
(2) Configuration not tested.

(3) Configuration not tested; 1/5-scale increment for fairing skew drag used for
comparisons,

(4) Less drag redvction If variations in the rotor operating condition are taken
into account.
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TABLE 6.- ABC DF’IONSTRATOR ESTIMATED PARASITE DRAG BREAKDOWN

m? fe2
Fuselage +187 2.01

Rotor pylon and nacelles .083 0.89

Jet engines 177 1.90
Empennage .088 0.95
Rotor hubs and shaft .690 7.43
Instrumentation .199 2.14
Momentum losses .126 1.36
Total 1.550 16.68

°R|Glz‘\34\h T YO
OF PQOR QUALITY
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v =180

(a) Upper rotor, uniform inflow.

Figure l.- ABC demonstrator rotcr calculated angle of attack distribution, y = 0.53.
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v =180

(b) Upper rotor, nonuniform inflow.

Figure l.- Continued.
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v =180

V=0

(¢) Lower rotor, uniform inflow.

Figure 1.- Continued.
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v =180

(d) Lower roter, nonuniform inflow.

Figure 1.~ Concluded.
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TWIST, deg
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ABC DEMO (REF, 6)

- —- JVX
- . — WINDTUNNEL TEST ROTOR
(REF. 5)

.20

A2+ N

g o |

c/R

x/R

Figure 2.- ABC rotor configurations.
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Figure 3.- ABC demonstrator level flight performance.
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Figure 4.~ ABC demonstrator trim attitndes.
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O FLIGHT TEST DATA
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VARYING TRIM CONDITIONS
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076, B}
SIKORSKY AIRCRAFT TRENDS a3
3r '
3,3
2,3
w2 13
(7]
[
[
o
[
“ L
= .1
1 2 4 ]
0 2 4 6 8

Figure 5.- ABC demonstrator rotor 1ift offset.

ADVANCE RATIO

TEST
cL/U Bi
O 0.10 2
CALCULATED O 0.12 2
—_—— — CL/O=0.10, B'|=2‘ O 0.10 8
— — CL/U=0.12, B'|=2' A 012 8
10 — e — CL/0=0.10, B'|=8' D 016 8
8 -
ag = -8 -4° 0
A0 “:\ - .
\J
[ R—3
6} B v
4 a4 1 1 1 i 1 1
-.008 -.004 004 .008 012 .016 .020
CD/“

Figir ° 6.- Wind tunnel test correlation, u = 0.47.
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©
CL/O B‘
O 0.10 2
0 0.12 2
0016 2 TEST
A 018 2 A
+ SYMBOLS AREB} =6
- SYMBOLS ARE B} =8
o CALCULATION
Q. =
av"’ “-OB” ‘__..o— -4 4°
— 1 A i i A J
.004 .008 .012 .016 .020 .024 .028
CD/U
Figure 7.- Wind tunnel test correlation, u = 0.70.
TEST
CL/”
0] 0.10 A o= 0°
0 0.12
o 0.16
a 0.18
— <= CALCULATED
—t 1 1 1 'y Il J
.004 .008 012 .016 .020 024 .028

CD/U
Figure 8.~ Wind tunnel test correlation, 1 = 0.91.
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i , CALCULATION
5 Cole B )
l 10 - - CL/u = 0.10, Bj~2
:i g 2‘10 : 0" 0 === C =012 8j-2
') oo 2
A ir A2 8
' 8

LIFT OFFSET, x/R

1 1 1 1 | v
-.008 004 0 .004 .008 012 016 .020 024
Cp/e

Figure 9,- Wind tunnel test correlation, no= 0.47.

8 Cylo B
6} 0.10 2
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— = — CALCULATED, o ~ 0"

e - w— CALCULATED, ag - 4
2 A ) 1 \ i 1 )

0 004 .008 012 .018 .020 024 .028
CD/H

LIFT OFFSET, x/R

Figure 10~ Wind tunnel test corvelation, o« 0,70,
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o 010 2 TEST
D 012 2
o 016 2
4 018 2 & ©= =4 CALCULATION
L i 1 i - A J
004 008 012 016 020 .02 028

CD/u

Figure 11.- Wind tunnel test correlation, u = 0.91.
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Fieure 12.- ABC rotor operating conditions.




- s

GE 8
RIGINAL PA
gF POOR QUALITY

CALCULATIONS
= ABC DEMO
-_——— VX
- .= SIKORSKY ESTIMATE FOR JVX TYPE ROTOR
e JVX ~ UNIFORM INFLOW
O ABC DEMO - OPTIMUMC, /o, u
(] JVX — ABC DEMO AIRFOILS

FLIGHT TEST

¥ SIENS ABC DEMO

2 -
0 ! i 1 1 1 1 J
120 140 160 180 200 220 240 260

V., knots

Figure 13.- ABC rotor performance as & function of speed.
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ABC DEMO
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—— - — SIKORSKY ESTIMATE FOR JVX TYPE ROTOR
e =— JVX — UNIFORM INFLOW

Y4 ...— JVX — ABC DEMO AIRFOILS
/"_'\
12 /.
A -—
104 / // N
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) ; /
a) o
3 / !/
6r ' /
/
4+
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1 1 1 J
0 .05 10 15 .20
CT/U

Figure 14.- ABC rotor performance as a function of lift at wu = 0.85, My = 0.85,

as=0.
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Figure 15.- Advanced ABC rotor performance at u = 0.47 and u = 0.85

(Mp = 0.85, ag = 0, B} = 2°).

12 0, deg
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Q
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8k
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CT/(}

Figure 16.- Effect of

twist on advanced ABC rotor performance (u = 0.85, M; = 0.85,
ag = 0, B) = 2°).
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Figure 17.- Advanced ABC rotor

calculated 1lift offset (u = 0.85, My = 0.85, B; = 2°),
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Figure 18.- ABC demonstrator isolated rotor hover performance.
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Figure 19.~ Calculated isolated rotor hover performance for advanced ABC rotor design.
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Figure 20.- Comparison of isolated rotor hover performance of ABC demonstrator and
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Figure 21

advanced ABC rotor design.
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(a) Collective rigging.

.~ ABC demonstrator aircraft control rigging.
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10

N A2 OO

Ac. deg

-14 1 1 i —d

0 20 40 60 80
LONGITUDINAL CONTRU!. . =

(b) Average longitudinal rigging.

Figure 21.- Continued.
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(¢) Longitudinal rigging.

Figure 21.- Continued.

50



Byc. dea

T -

1 L 'l 1

J

20 40 60 80
LATERAL CONTROL, %

(d) Average lateral rigging.

Figure 21.- Continued.
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LATERAL CONTROL, %

(e) Lateral rigging.

Figure 21.~ Continued.
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(f) Differential collective rigging.

Figure 21.- Continued.
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(g) Differential longitudinal rigging.

3
Figure 21.- Continued.
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| T

) Differential lateral rigging.

Figure 21.- Continued.
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(i) Differential collective trim rigging.

Figure 21.-~ Continued.
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(1) Rudder rigging.
Figure 21.- Concluded.
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XH-59 WITH INSTRUMENTATION CAN
== == = XH-59 ~ NO INSTRUMENTATION
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Figure 12.- ABC drag variation with angle-of-attack (wind tunnel test recults, from
reference 10),

H0

e e aa B €

P



——es .+

ORIGINAL PAGE i3
OF POOR QUALITY

2 12
m 22r
20
O  ABC DEMONSTRATOR (XH-59A)
a0l O  SIKORSKY HMX ESTIMATE
O ALTERNATE HMX ESTIMATE
A AH64
18} & UH.60
D  PDP DATA BASE
CONVENTIONAL ROTORS s/
g 15F 6 — —— ABCTREND s
[+ o
q
-l
g 1wt
2
S
v
[V
- 12
a.
w
210
- 10 |-
X
x
o
) 8t
[+ o
6 b
5k
a e
L 2 i e 1 J I 1 J
0 1 2 3 4 5 6 7

1000 SHP - TRANSMISSION RATING

Figure Ji,- Untaired rotor hub and shatt trontal area trends, tor hub drag estimation.
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