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ABSTRACT

E A e
gf This report summarizes & flight test evaluation of the ¢ s of -~
g auxiliary propulsion, wings, rotor solidity, and blade twist on .. fied
ii SH-3A helicopter airframe with standard S-61 dynamic components. A total
% of 88 hours cf tests explored performance, handling qualities,‘sﬁresses,
:é’ vibrations and control loads for eight different configurations.
E; The primary objective of the program, to extend tests of the compound
é% configuration to & maximum safe speed of not less than 200 knots, was
Ef achieved. I evel flight and dive speeds of 211 and 230’kncﬁs, respectively,
%i were reached. At 200 knots, rotor lift was varied from 25 to 75% of gross
:§> welight. i
e 5. Throughout the expanded. flight envelope, nandling qualities and struc-

| - tural loads confirmed.predictions with few exceptions. Thé tests confirmed

the ability of the articulated rotor system to operate satisfactorily in

this flight regime and provided a bagis for future aircraft ﬁééignxand for

extrapolation to higher‘speeq.
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FOREWORD
P~
éA i5 This report summarizes the results of a compound helicopter flight
4 investigation conducted by Sikorsky Aircraft. The program was Jjointly
f} funded and monitored by the U. S. Naval Air Systems Command {(NAVAIRSYSCOM),
?; and U. S. Army Aviation Materiel Laboratories (AVLABS). Due to the large
{g number of configurations and test conditions and the duration of the flight
&E investigation many individuals contributed to the program.
gi The program was monitored for NAVAIRSYSCOM by Messrs. Frank O'Brimski
S and John Snoderly. and for AVLABS by Messrs. Richard Adams and Richard
f?ﬁ Dumond.
L |
;é NH-3A project engineers at Sikorsky were Messrs. F. d= Sibert and
ég J. E. Hedin. Program techniceal direction was provided by Mr. E. A.
5;5 Fradenburgh. Additional Sikorsky Aircraft persconnel closely associated
{»% with the program were Messrs. G. B. Chesley, G. M. Chuga, T. M. Coonan,
; P. J. D'0Ostilio, R. R. Fenaughty, W. Gerdes, B. Greham, Jr., D. S. Jenney,
. W. H. Kimes, J. Kotkowski, D. F. Perrault, C. M. Reine,” A, J. Ruddell,
{,) R. M, Segel,, and P, VonHardenberg.
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INTRODUCTION

Sikorsky Aircraft, with the support of the U. S. Naval Air Systems
Commend and U. 5. Ammy Aviation Materiel Laboratories, has conducted a

flignt research program to demonstrate an expanded flight envelope for

rotorcraft.

The conventional pure helicopter has limitation§ in forward flight
caused by stall on the retreating blade. Both the lifting and propulsive
capabilities of the rotor decrease with increasing speed. Compounding -
‘the hglicbpter, by sdding a fixed wing end auxiliary propulsion is, there-
fore, a logicel means of increasing speed potentiﬁl. Theoretical research
and wind tunnel tests of articulated rotors have shown that compound
helicopters should be capable of practical speeds at leasi 100 «xaots faster
‘than the pure helicopter. The ME-3A research program was prompted by the
need- for an aircraft of operationally useful gréss weight to demonstrate
‘these improved capabilities and to confirm the theosetical work under
full-scale conditions. -

" The Nawy/S{kprsky Sﬁe3A; which wis chosen as the base airéraft for
the résearch program, was designed for a cruise speed of approximately
135 knots. It was known, however, that the rotor system of t.is aircraft
was—éaéablerbfvﬁuch higher speéds. In February 1962, the SH-3A, with a
<sp¢c19;'ékid‘landing gear to redgée drag and weight;>set‘avworldfs

7ébsolﬁ£e speed record of 210 miles ﬁer hour, ox»183 krnots. This was an

impressive achievement for a pure helicopter, surpassed as of the date

of this report only by the SUﬁ/Super Frelon using a similar system

designed by Sikorsiy Aircraft. The speed r;cord set by the SH-3A, howvever,
id not represent actual mission capability. The aircraft was stripped of
all equipment unnecessary for the flight, and payload was néarly zero.

‘Aiveraft vipration,-blade vibratory stresses, flying qualitigs, and maneu-
vering capaﬁility at maximum Speed«veré satisfactory for estéblishiné the

record, but they were not s;tisfactory for operaticnal use.
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The major objectives of the Hii-3A flight resedrch progrem were!
(1) Lemonstration of improved aircraft capsbility. Speeds

of at least 200 knots were desired with good useful load,
low vibration, low stresses, improved fl&ing qualities,

and good .maneuverability.

(2) Detérmination of the effect of a mimber.of des1gn variables
ou aircraft characteristics. Eight a1rcraft conflguratlons "

were tested. The variables inéluded the number of rotor

blades (five and six), two values.of blade twist (-4° and -8%),

a-wing (on- and off), and anxiliery‘Jet engines (on-and off).

(3} .Exgerlmental -Geterning 1on ox rotor cagabilitz at high sgeed.
The aircraft.was de51gned 9 be used as a flying yinq tunnel. .

The wing and auxiliary propulsion permitted operation of the
‘main rotor over a wide range of conditions. so.that enVelobes
ofirdtpr‘iift,APropul'iie force, :and bdﬁer ibéding éeﬁdbilitj \
- cculd be established, This also permitted determination of
: 'rotor control ‘power, flapplng, dynamic~behavior, and. rotor-
v;pgAiqterference.overae wide rangewof f;ight cggd@tjopgc

. The NH<3A research-program has been successful in demonstrating an
imﬁrbved‘cépebility'for rotary wing‘eircre?t. Valuable research data vere
. generated: to permit ‘the. désign of future high performance heelcopters and

: compqqnds.. ALl of the pajor.cbjectzves of the: program were achieved.
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DESCRIPTION OF VEHICLE

The NH-3A (Sikorsky model S-61F) high-speed resesrch helicopter is
a modified SH-3A helicopter, Bureau No. 148033. A production SH-3A is

shown in Figure 1.

The military electronics, sonar, armament, shackies, hoist, soner

P RGP TR UG T v e PR .
3 G DI RGN DT -

seats, and automati~ flight control system were removed from the aircraft,

3

v

and the following changes were made:

A wing of 170 square feet was installed in the "shoulder" position,

WING:
A

with the aerodynamic center slightly aft of the rotor centerline.

full-span plain flap, capable of up or duwn deflection, was provided to

trim the wing 1ift independently of fuselage angle of attack. The fiap is

controllable in flight through a "beeper"” arrangement, with a normal rate

of 3 degrees/second and an emerzency "up" rate of 30 degrees/second.

[RECS s v A e F et *‘*\W“W’W:&?ﬂ,ﬂwww
AR T oy § Ve TT LA e g L A o

AUXILIARY PROPULSION: Two Pratt & Whitney J-60-P2 turbojets, mounted in

AT
lu L DI

T-39 "Sabreliner" nacelles, were installed on either side of the fusclage,

o
5

£
A

outboard of the landing gear sponsons.

TAIL CONE: A streamlined tail cone replaced the SH-3A aft fuselage. This 2
modification provides a 17 degrees flapping clearance between the main :

rotor snd the tail cone compared with 13 degrees for the SH-3A.

HORIZONTAL TAIL: A Cessna T~37 stabilizer with an added constant chord
The incidence was ground adjustable. A

center section was installed.
"beeper" arrangement provided in-flight elevator coritrol with a rate of

2 degrees/second.

B L L T U

VERTICAL TAIL: A large vertical tail with rudder was provided. The
rudder deflection was contrnlled in-flight by a "beeper” with a rate of

2 degrees/second.

ROTOR HEAD: The automatic blade folding hsrdware was removed to reduce
drag. A "beenie" fairing was installed on the rotor head.

.
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OIl. COOLER: A CH-3C/Vii=-3A 0il cooler system was incorporated in the

main rotcr pylon area.

FUSELAGE: The aft cargo door, sonar well hole, and doppler antenna were
eliminated and skinned over. An emergency exit panel was provided on

the right-hand side of the cabin. The cockpit side windcws were made
fixed but jettisonable. The cockpit glass was reinforced or, in some
areas, skinned over. The chin lines of the flying boat hull were rourded

to provide a better streamlined nose shape.

LANDING GEAR: The open-well sponsons on the SH-3A were replaced with
more streamlined sponsons with doors vhich completely erclose the main
gear in the up position. The landing gear tread was reduced from 13 to :

10 feet,.

e d

The following table gives dimensional informaticn pertinent to ti.
NH-3A (8-61F).

.
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DIMENSIONS AND GENERAL DATA

i %
BY

b Main Rotor:

Diameter

Norral tip speed (100% NR)
Disc area

Blade chord

B & Airfoil section

2} Number of blades
F &
- Solidity, 28

7R
lade twist (center of rotation to tip)

oy o

Root cutout (% radius of first blade
pocket)

£ Hinge offset

y Articulation

Blade weight moment sbout flap hinge
Blade moment of inertias sbout flap hinge

PTETO——— e
T g T T P e e
pETYC

BRIV S

>
i“

oo

S £
L)

-

L

o, ' Tail Rotor:
Diameter

AL :

& % Normal tip speed
H % Blade chotrd

b B Airfoil section

;f‘i Number of blades

X Solidity

f g - Blade twist

: E Hinge offset
§ Articulation

& Piteh flap coupling (delta-three angle)

Tl B

Wing:
Span
Area ]
Exposed area

RPN R B B A MO W P T

£ b AN AR ¥ A e

62 feet
660 fps.
3019 ft.2
18.25 in.
NACA 0012
5 or 6

0775 or 0.0937

49 or -8°

15%

1.05 ft.

Full flapping and lag
2876.1 ft. 1it.

1703.5 ft-lb-sec?

10 ft. 4 in.
660 fous.
7.34 in.
NACA 0012

5

.188

o°

.323 ft.
flapping only
us°

32 ft. O in.
170 £t.2
137 £t.2
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B %::

S . ;
kB _ Taper ratio (tip chord/theoreti~al

- g éj} root chord) 0.5 :
: B 2
e B %
s 3
{,\ A} %
; i
H 5 4
§ :
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Wing {continued):
Tip chord

Mean aerodynamic chord

Twist

Dihedral

Sweep of 26% cherd line
Aspect ratio

Flap area (aft of hinge line)
Flap chord (aft of hinge line)

Airfoil section

Tail Surfaces:
Horizontal tail area
Horizontal tail span
Elevator area

Horizontal tail airfoil section

Jertical tail areas (above WL 158)

Rudder saresa

Fuselage:
ALength
Cabin width
Landing gear tread
Wheel base
Rotor head heigh*

Weights:

Rétor group (6 blades)

Rotor group (5 biades)

Wing group % chord Sta. 278.0
Tail group

‘Body group

Alighting gear

Eng. section (1-58)

TP I EL R it ST RS oo T o

e e A T

R .

42.5 in.

72.8 in.

.04

29.8 ft.?

26% wing chord
NACA 63,4 k15

76.2 £t.2

20 ft. 0 in.

10.8 rt.2

NACA 0010 modified
Lh rt.2

8.6 £t.2

56 ft. 0 in.
7 ft. 0 in.
10 ft. 0 in.
34 £ft. 7.5 in.
15 f£. 5.5 in.

5 Blades 6 Blades

1bs. 1bs.
2517.5

2097.9
1014.0 1014.0
350.9 350.9
2520.6  2520.§
811.2 811.2
1.7 1.7
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j P Weights (continued): 5 Bludes 6 Blades
;: ) 1bs. 1bs.
Eng. section (J-60) 421k 421,k
jfg Poverplant group 2608.6 2608.6
x Fixed equipment group 2910.5  2910.5
| Weight empty 12676.8 13296,k
q Useful load 6123.2  5703.6
‘; Design gross weight | 19000.0  1900¢.0
:

3 Powerplants:

? Main propulsion unit

é Two General Electric T58~CE-SB turboshaft engines with the following
b ratings at sea level standard day conditions:

s
R

Ratings, Shaft hp Power Shaft Max. SFC
OQutput R.P.M. lbs[SHP(hr -
] _ 4
¢ . Military - i250 19,500 0.61 . §
g:) Normal - 1050 19,500 0.6b
,g Auxilizry propulsion unit f
§ ;
5 Two Pratt & Whitney J-60P-2 turbojet engines with the following R
|7 static ratings at sea level standard day conditions: i
Ratings Jet Thrust Max imum Max. SFC
1bs., R.P.M. 1bs/hr/1b
Military 2,900 16,400 0.930
Normel 2,570 15,750 0.905
P
T
i
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flight testing of the S-01F research sircraft was initiated on
May 21, 1965, following satisfactory completion of proof load, shake,
and tie-down tests., A total of 113 flights involving 88.2 rours of
flight were completed during the test program which terminated on
May 8, 1967. Flights were conducted at a density altitude of 3000 feet,

SO SR B iR

ISR

except for the hovering, autorotation, and airspeed calibration flights,

% which required specific altitudes. & summ;ry of the flights accomplished

% during the program is given in Table I.

|
{ PRELIMINARY EVALUATION

: For the initial phase of the test program the aircraft was configured ;

; as follows: two J-60 turbojet engines, a horizontal stabilizer with +5 i
; degrees of incidence, and five main rotor blades with -4 degrees of twist.

; A vhotograph of this configuration is presented in Figure 2 and a general

.E arrengsment in Figure 3.

?V -(:j Initial flights were conducted without auxiliary jet thrust to provide f
j' ) pilot familiarization and preliminary evaluation of the basic characteris- E;
5? tiecs of the helicopter, including handling qualities, performance, stress, é
ff and vibration levels. ;
E :
% ) THRUST AUGMENTATIOR B :
3N Following the preliminary flight test phase, jet thrust augmentation g
g 3 was used to investigate higher speeds. Jet thrust augmentation was applied j
é; é by the following “standard” procedure. :
1. Set the J-60 jets at idle.

E @ 2. Trim the aircraft in level flight at a specified

; . forvard speed, 100 percent Ny, with the main rotor

. collective pitch control as required.

3. Tock the collective pitch.

. L, Tncrease jet thrust as necessary to attain higher
3 *voward speeds. -
(\ When this procedure was foilowed, a high collective pitch and hig.

rotor shaft power level resulted from an initial high speed trim condition,

%
}v.
&
*
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and e madium collec*ive pitch and rotor power resulted from an initial
trim speed neer the minimum power speed of the helicopter (70-8% knots).
‘To establish a low collective pitch, low rotor power condition, the air=-
craft was first trimmsed at 80 knots, and then the collective pitch was

lowered to the prescribed value while increasing jet thrust as reguired to

maintain speed and altitude.

COMPOUND CONFIGURATION
A photograph and general arrangement of the compound configuration

are shown in Figures L and 5. After initial flights in this configuratioun

4 for sircraft familiarizstion, several combinations of elevator and flap

3 settings were investigated to vary rotcr/wing load sharing, and establish
the maximum speed of the configuration. A stsbilizer incidence of zero
degrees was selected and used for the remainder of the program. A maximum
true airspeed of 221.5 knots (212.2 knots CAS) was achieved with a rate of
descent of 1300 feet/minute. The basic test procedure was the "standard"

3 LR Ay

procedure described above. IDuring testing of the compound configuration

with -4 degree twist blades, several additional evaluations were completed,

E C including the following:

k7 >;A,§_,;:'§‘v\{, e o

Lreraa Bt
}
it
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1. Investigations of a blade tip excursion phenomenon associated .
with advapcing blade Mach number and low freguency vertical

response characteristics of the fuselage.

2. Evaluation of asymmetric wing lift including in-flight photo-~
graphs of tufts installed forward of the lesding edge of the

AR, . yery——
et Fohs e & e e B S O it r )
N R Fe AT, < G

wing.

il

3. Two stages of drag reduction at Flight No. 30 and Flight No. 40
with improved wing root I._ ing, sealing of the gaps in the wing E
flaps, and general clean-up. A maximum level flight true air- %
speed of 210.9 knots (199.3 knots CAS) was achieved with this

LSSl s e

configuration.

i} BLADE TWIST EVALUATION
The effects of blade twist on rotor stall characteristics, blade

s AP TR

H
An




VAR o

3
LE

PP

SRR aa Y sl I

e

I
T

sl £t

ol

Y, g

A

e 2 ’.;

P
l’ﬁ

£

G

;.
k

N

gls, zdvencing blade compressibility, and aireraft performance
were investigated through tests of both -b degree and -8 degree twist

main rotor blades, The aircraft configuration remained unchanged except
for the rigging changes necessary with the increased blade twist., Twist

effects were evaluated on both the helicopter and compound configuration

and with both 5 and € blades,

ROTOR SOLIDITY EVALUATION
The thrust augmented helicopter (without wings)} was tested with btoth

five and six~bladed rotors to determine the effects of increased solidity
ratio on airecrat't performance, handling qualities, vibration, and :tvress

levels.,

In addition to establishing the boundary limits for the six-bladed
configuration, static and dynamic stability maneuvers as well as coor-~
dinated turns vere zccomplished. Hover performance date were also recorded

with both the -4 degree and -8 degree twist main rotor blades.

PURE HELICOPTER CONFIGURATION
The aircraft was configured for the pure nelicopter tests to provide

baseline data by removing the Jet engine pods and installing an aerodynemic

fairing outboard of the sponsons. The general arrangement is shown in
Figure 6. Flight testing provided baseline data in the areas of aircraft
performance, handling qualities, vibration, and structural loads with both
the -4 degree and -8 degree twist rotor blades. Flight conditions included
level flighkt, autorotation, and dynamic stability maneuvers. Hover perfor-
mance data were also recorded witn both the -4 degree and -8 degree twist

main rotor blades.
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RESULTS AND DISCUSSION

OPERATING ENVELOPES-AIRCRAFT

e a

The achieved operating envelopes of the eight aircraft configurations
are shown in Figure Ta through Th in terms of airspeed and rotor shaft
horsepower. In each case, the helicopter flight mode (jets idle or
removed as applicable) is presented as : solid curve. In addition,

Figures Ta through 7f show points achieved with jet thrust augmentation
at various main rotor collective pitch settings. These data are also
listed with values of jet thrust and rotor lift and rotor drag in Table VII.

Factors which limited the aircraft operating envelopes are discussed in

the succeeding paragraphs.

Helicopter With Thrust Augmentation

a. Five Blades, -I Degrees Twist

(RN S .

The eﬁvelope for this configuration is shown in Figure Ta.
With collective pitch settings at the 80 knot value or lower,
the high speed boupdary was defined by available jet thrust.
The aireraft was flown in level flight autorotation at full
low collective at 162.3 knots CAS and 5200 pounds of jet

thrust.

At collective pitch settings above the 80 knot value, forward
speed was limited by retreating blade stall, indicated by
aircraft roughness and elevated control loads. Main rotor
transmission support stresses indicated elevated levels at
high shaft horsepower, but this condition was considered

ncceptable for short periods of operation.

b. Five Blades, -8 Degrees Twist

The envelope for this configuration s shown in Figure Tb.

11
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The increased hlade twist provided a greater rotor
propulsive force capability, permitting & slight expansion
of the high power portion of the envelope. A maximum
speed of 196.2 knots {207.0 knots TAS) was attained at the
100 knot collective pitch setting. Further increases in
co;;ective pitch were limited by aircraft roughness, high

i main rctor control system loads, and high stress levels at
The airecraft

R R RO T TN A N

¥ - the forward transmission support fitting.
o was also flown as an autogyro with full low collective, at

3 ‘ speeds from 85 to 16T knots CAS.

Compound Configuration

Five Blades, ~b.Degrees and -8 Degrees Twict

b a.

5

% The envelopes for these configurations are shown in Figures
;% Te and 7d¢, A maximum level flight calibrated airspeed of

} . 199.3 knots (210.9 knots TAS) was achieved at the 130 knot

3 (:: collective pitch setting, utilizing 5485 pounds of jet

;7 thrust and 1668 main rotor shaft horsepower with the -l

,; . degree twist blades.

? N In the compound configuratidn, the upper portion cf the -speed
. boundayy was extended to higher speeds compared to the

[ i wingless configuration. This expansion was possible because
r Reduced rotor

of the additional l1i% produced by the wing.
1lift requirements permitted additionzl rotor propulsive force
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for a comparable degree of rotor stall. Main rotor control

loads and vibratory stress levels at the transmission attach-
ment fittings showad considerable reduction in megnitudes
as the main rotor loading was decreased. Available jet

S IR 7 g

Vo

thrust was the limiting factor in establishing the level

(RS p e e S s oy
.

rlight speed boundary for the compound configuration.
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Six-Bladed Helicopter with Thiush Aummentution

The envelopes established for this configuration with

-4 degree and -8 degree twist blades are presented

in Figures Te and Tf. The n/rev. aircraft vibration
levels and transmission attachment stress levels were
considerably reduced with the six-bladed configuration
aind presented no problem at high mein rotor shaft horse-
power. However, the stationary scissors link of the
mein rotor control system exhibited higher loads than
with the five-bladed rotor at high collective pitch

settings.

Full Jet thrist was utilized with the 120 knot colleztive
pitch setting to achieve a maximum calibrated airspzed of
204.5 knots (215.0 knots true airspeed) with -4 degree
twist blades. This condition was obtained utilizing 5690
pounds of Je£ thrust and 1390 shaft horsepower. Furtler
incréases in collective pitch were limited by the high
stationary scissors loads. With lower vslues of collective
pitch, maximvm forward speeds decreased and jet thrust

became the limiting factor.

Pure Helicopter

P

Figures Tg and Th present the level flight performance of

the pure helicopter configuration. Data points sre shown

for zero stabilizer incidence and elevator settings of zerc
and -2 degrees. As illustrated in Figure Tg, a pover-limited
maximum level flight calibrated airspeed of 152.0 knots
(160.2 knots true airspeed) was obtained with the -8 degree
twist rotor blades while utilizing 2kL40 shaft horsepower

from the T-58 engines. Under similar flight conditiong with
the -4 degree twist blades installed, a speed of 1LL.0 knots

13
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calibrated airspeed (152.3 knots true airspeed) was

ovtained using 2390 shaft horsepower.

HOVER PERFORMANCE
In addition to accomplishing “he primary investigation of high

speed flight, a limited study was conducted to determine the effect

of eack 7. the configuration changes on NH~34 hover performance.

The effect of blade twist is shown in Figure 8, which compares the
hover performance of five bladed rotors, having -4 degrees and -8 degrees
twist. The lower (solid) curve was derived from Sikorsky main rotor
test stand dats for -8 degree twist blades. Experimentally determined
tail rotor power, fixed losses, and 3 percent vertical drag have been
added. This curve correlates well with the NM-3A hover data for -8

degree twist blades.

The Goldstein-~Lcck methoa (Reference 1) was used to estimate the
increment in power due to the change in twist. This increment of 2%
in power was applied to the -8 degree data to predict the performance
of the ~4 degree twist rotor shown in the upper curve. The test results
appear to confirm the predicted penalty.

A comparison of the NH-3A hover data with 5 and € blades (of -k
degrees twist) is shown in Figure 9. The performance inefement due to
the change in solidity, estimated by the Goldstein~-Lock method, is also
shown. The five blade data were acquired in ground effect ana corrected
to the OGE conditions. With six blades, the aircraft was flown at a
lower gross weight in order to hover OGE.

The vertical'drag effect of the wing and sponson/engine irstallation
is shown in Figure 10, which compares hover data for the pure helicopter
(from Figure 8) and compound configurations. At constent power, a 6
percent reduction was required in the compound helicopter gross weight.
This increment is the vertical drag contribution of the wing and

sponson/engine instaliation.

1%
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1% AIRCRAFT DRAG
%
&F

Aircraft drag has been estimated using measured values of jet thrusti,

main rotor thrust and torque, and main rotor drag calculated by the method
of Reference 2. The lift-drag polars resulting from this procedure are
shewn in Figures 1la and b for the jet augmented helicopter and the full
compound configuration respectively. The improvement at 160 knots dGue to
the drag reduction program is approximately two to three square feet.

The drag reduction modifications performed after flight number 39

included the following items:

1. Enlarged wing-fuselage junction fairings.
2. Reworked landing gear fairing.
3. Streamlined tail rotor gear box nose section.
k. Covered various openings on the gireraft.
5. Elimination o{ various antennae.

Equivalent parasite aren was found to increase with forward speed, parti-
_ cilarly in the full compound cornfiguration. The reason for this speed s
. dependency has not been firmly established, but a probable source of the t
drag increase is spillage from the T-58 engine air intakes. A decrease ) ‘

in accuracy of the rotor performance calculations with forward speed may ' é
also contribute to the apparent drag increase. Ccrrelation of the full-
scale wind tunnel tests of an H-34 rotor system, reported in Reference 3,
indicated that at 1ift and torque coefficients similar to NH-3A flight
test value:s, the theory was inéreasingly optimistic with forward speed.

This would result in an apparent increese in airframe parasite area.

Table I1 présents the estimated parasite drag breakdown of the full
compound ccnfiguration at 160 knots. These data are based on flight
tests of the SH-3A and wind tunnel investigations, with analytical

corrections where applicable.

The J-60 ﬁacelles as~installed were found to be producing nearly
three times the estimated drag. In addition, local separsted flow, which

was observed on the wing and landing gear pod {fillets and on the wing
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flap, is believed to have caused penalties as shown. It is notable that
the & g of the pure helicopter {without wings and J-§0's) was veduced
20 percent below that of the SH-3A even though the rotorhead was unmodi-
fied except for rcmoval of blade fold parts, and the cockpit canopy
shape and engine inlets were left unchanged. Imvrovements in these

areas would be particularly fruitful at speeds above 200 knots.

DIFFERENTIAL WING LIFT
During initial tests of the compound configuration, wing instru-

mentation indicated that the left wing 1ift was higher than the right.
This finding was substantiated by examination of lateral cyclic pitch

245

data. Tigure 12 shows that with the wing installed an increment of
left tateral stick, which increased with forward speed, was required to

alance the wing rolling moment.

A R I S

To further define the wing 1lift distribution, tuits were installed
on a wire mounted 8 inches forward of the wing leading edge. The test
installation is shown in Figure 13. Local angle of attack was deter-
mined from film records of these tufts, taken in various flight condi-
tions. Wing lift distributions were then determined from the experi-
mental angle-of-sttack and two-dimensional characteristics of the wing
airfoil (NACA 63,A415). While there was some scatter in the data, it

was generally found that very low angles of attack were developed on the
inboard portion of the wing (above tha sponson). In addition angles of
attack on the right wing were lowezr than on the left. The aircraft was
flown with wings level in a slight right sidssiip. This resulted in

a higher 1if% on the rigant sponson, which probably caused the greater

1lift interference on the right wing.

Sikorsky Aircraft recently conducted a U. S. Army AVLABS sponsored
investigation of rotor-wing fuselage aerodynamic.interfereuce effects,
Reference 4. The results of that program were reviewed and spanwise
1ift distributions are compared for two flight conditions with the NH-3A
data in Figure 14. As in the flight test data, the wind tumnel results
indicate a slightly reduced right wing lift, although the effect is less

pronounced.
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It was concluded from the flight and wind tunnel tests that lower
right wing 1ift is caused by rotor induced velocity producing a nigher
downwash under the advancing blade. In addition, on the Ni<3A, & large
interference- effect occurs on the inboard portion of both wings due to
the close proximity of the sponson (located directly below and forward).
The effect of differential wing lift on overall perfcrmance and control
characteristics is small, but it should be considered in the design of

an optimized compound helicopter.

OPERATING LIMITS - MAIN ROTOR

The envelope of achievable main rotor 1ift and propulsion (or drag)

at a given speed is bounded by allowable limits of zollective pitch,
cyeclic pitch, and blade flapping, and by allowable levels of rotor stall

and aircraft vibration. The operating regime for the rotor was predicted

in advance of flight test, using the theory of Reference 2.

In order to compare actual performance with predicted performance,
theofetically derived boundary plots have been constructed at three for-
ward speeds: 156 knots (u = .40), 175 knots (u = .h5), and 195 knots
(p = .50). For flight test data points near these three speeds (+ 9 knots), ‘é
main rotor 1ift and drag have been determined using measured values of :
main rotor torque, rotor thrust, and jet thrust. The measured quasntities
from representative flights, were used in combination with the theory of
RKeference 2, to derive the aircraft wing/body lift-drag polars presented ;
in Figure 11. Using these polars, rotor propulsive force could be deter- :
mined for all data points by subtracting Jet thrust from aircraft drag.
For most flights, a direct measurement of rotor thrust was available.
This was checked against gross weight iess wing/body lift derived from
wind tunnel date presented in Appendix I.

The flight test program was arranged to test the theoretical rcicr
envelope as far as possible, using Jet thrust to achieve speed points
up to maximmm speed and changes in wing flap snd elevator settings to
vary wing/body lift. Figure 15 shows the predicted envelopes and the
points at which data were obtained at 156, 175, and 195 knots. Numerical

17
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values of the data are also listed in Table VII. Experimentally deter-
mined vibration and jet thrust limits are also shown.

The basic envelope of the rotor is determined by retreating
blade stall, indicated by the upper stall limlts, and by the zero
horsepower (autorotation) line. Additional limits peculiar to the
NH-3A airceraft are the transmission rating of 2300 horsepower, collec-
tive pitch limits of 1k.5 degrees maximum and 1.0 degree minimum. The
Jet thrust limit, determined by the installed thrust and airframe
parasite drag, is also shown, because it constitutes a basic limit of
the NH-3A in level flight. With more thrust, or reduced drag, this
limit would shift to the right. The experimentally determined vibra-

tion limit is shown, when encountered, on a number of envelopes.

Further limits including main rotor flapping and longitudinal
cyclic pitch, may be predicted. However, these quantities are depend-
ent upon fuselage attitude, in addition to rotor lift and dreg, ard,
consequently are not shown in Figure 15 which is valid for any fuse-:
lage attitude.

As speed incresses, the predicted envelope shrinks due to the
decreasing lift and propulsive force caparility of the rotor. The
flight test data follow this trend, covering woast of the area within
the theoreticai rotor envelopes, and lend validity to fhe use of the
charts of PReference 2 for predicting rotor operating envelopes.

Those areas of the predicted envelopes which were not covered by

flight data were limited by factors beyond the scope of the theoretical

analysis. These factors are discussed in the following sections.
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Flapping
The design flepping 1limit for the NH-3A rotor system is : 8 4degrees

This value is based on structursel criteria for

relative to the shaft.
satisfactory life of the main rotor shatt.

At most flizht conditions flapping values were well below the
design limit. The only exceptions occurred when the rotor angle of
attack was excessively negative at relatively high fuselage attitudes.

Such conditions occurred when the rotor generated large smounts of
propulsive force necessary to overcome pasrasite drag at high speeds.
Large amounts of forward cyclic stick were then required, resulting

in high forward flepping relative to the shaft to maintain steady levsl

4

flight.

Control Limits
The control margins of the NH-3A were

adequate in all configurations.
No control limits were encountered, except under the conditions

the longitudinel stick for-
This condition was

A more detsiled

described in the preceding paragraph, when
ward limit was reached at high nose-up attitudes.

corrected by applying 2 degrees of dowa elevator.
discussion of control characleristics is contained under FLYING QUAILITIES.

Blade Spread Fhenomenon
During flight testing of the NH~3A under some conditiors at high

advancing tip Mach numbers, the main votor tip path split into twe
The characteristics of this phenomenon were the

distinct planes.
following:

L G W Y ORI 1 LK B e 0 5 il v,
SR AN by b Syre e

B e R T R A M A TR ae y 9n v B N TS TR S VRN SE T g i .
N - AT RRRRERY TIANN RIS OREII L g podmen e "
L e M"f‘?‘w

S N S

R YOSt 0 L AP U R WY




%ﬁ%ﬁﬁﬁﬁgﬁﬁﬁﬁmﬁnmxmsw&&xw&uzﬂmwwm%g

- P VYT B
T B

4
k]

"y

10.

I e I e

The tip path plane spread was observed by the pilots aad

was felt as a vertical bounce.

The spread was & maximum over the nose and wes seen as two

distinet tip path planes.

3lade tip excursions between the twc planes of approximately

2% to 3 “eet were noted.
The blade spread incrzased with increasing Mach number.

A normal acceleration of the aircraft center of gravity

was recorded at 25 per rev.

-

Blade stress levels remained generally unchanged except
for a small asmount of 2% per rev flatwise stress and % per

rev torsional stress peaking at azimuth ¢y = G0 degrees.

There was no deterioratioa in control power or any tendency

for the aircraft to rotate abcut any axis.

On reducing rotor rpm rapidly, the tip path plane spresad
ceased almost immediately.

No physical damage resulted from the blade spread.

The blade spread could not be eliminated ty fine tuning of
blade track or by close ma%ching of tip caps.

The conditions under which blade spread occurred in the five-bladed

ro%or are showr: in Figure 16. The major paramester is advancing tip Mach
number, with blade spread occurring only at values above M = 0,92,

An exenple of the measured blade and airframe response under conditions

of tip spread is shown for several revoluticus in Figure 17. The reversal
in the torsional stress peak at 90 degrees azimuth suxgested the existence
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of blade pivching moments of alternating sign st high Mech numbers. Although
tuc dimensional data were not availeble for the G012 airroil at these condi~
tions, examination of data for other airfoils showed that a forwerd shift in
airfoil center of pressure probably occurs at Mach numbers above 0.7. ™t

was noi possible to determine the exact form of the pitehing moment che -

teristics, but the coefficients showr in Figure 138 were developed for use in

the blade analysis.

With these dats, tne % per revolution characteristics of the S-61 blade
was predicted analytically using the Sikorsky/UAC Research Laboratories
Normal Mode Blaue Aeroelastic Transient Analysis. Figure 19 clearly shows
the large calculated tip deflection occurring on alternating revolutions.

The angle of aftack of the advancing tip alternates between plus and minus

1% degrees on successive revolutions while the retreating tip angle of attack
exceeds 20 degrees, and is thus stalled. As anticipated, the pitching

moment at the advancing tip is positive for one revolution and partly nege-

tive in the following revoiution.

The reversal in sign ot the advencing tip angle of atiack during
successive revolutions appesrs to be due to the first flatwise blade mode
which has & freguency éf epproximately s per revelvtion at normel votor
spzed. This frequency is approximately coincident with the NH-3A fuselage
2rst vertical bénding mode. Therefore the measured 2% per revcolution
vertical acteleration of the fﬁgeiage center of grevity wasg due to the
cambined response of the blade flatwise mode and the fuseluge bending mocde

at thet frequency.

Ancliytical studies showed that the blade s ~ead could .be elininsted,
either by gdecrzasing the positive moments at r:gh Mach numbers, or by
increasing the blade first flatwise natural frequency tc remove it from
oroximity to 2% per revoiution . In addition it was found that the
occurence of stall on the retreating blade was not significant in the
mechanisi of blade spread. A more detailed analysis of the phenuzenna

is presented in Reference S.
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STRUCTURAL LOADS

Lontrol System Loeds and Reireating Blade Stall

During the NH-3A compound helicopter flight tests, control load data
were cbtained on an articulated rotor cover a wide range of speed and rotor
operating conditions. These data have bYeen analyzed to establish the
effects of high speed and rotor unloading on th: level of vibratory control
loads before stall and the rate of build-up beyond the onset of stall. From

this study, an empirical method has been developed for predicting control

loads.

The vibratory load in th2 rotating control system of conventional

helicopters generally follows the pattern sketched belew:

Vibratory
Push-Rod
Lead

P

Airspet
The level of gpushrod load is nezarly constani up to some airspeed and
increases rapidly at higher speeds. Accurate prediction of the "knee" of
this controel load curve, and the load build-up beyond it, is impertant in
crder to define the load spectrum for control system design. In & pure
helicecpter, this curve is generated at one value of rotor lift (aircraft
gross weight), and the knee of the curve has been found to correspond

reasonably to the cnset of stall defined by the lower stall 1imit criterion
of Reference 2 (’ocQD Jo = .00k).

In a compound heliéopter such as the NH-3A, the rotor can be unloaded
to the degree necessay to deisy or avoid retreating blade stall. A large
mumber of NH-3A control Joad data pointg were analyzed on the basis of the
stall criterion, and the points below the theoretical lower stall limit
have been plotted in Figure 20 as a function of advance ratio. The curve
thrcugh the points shows an incresse in vidratory load level with increasing
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regent a wide rangze of unstalled roter 1lift

advance ratio.
sn3 propulsive force conditions, demonstrating the hasic influence of

advance ratio upon vibratory control loads.

Data obtained at condiiions beyond the theoretical lower stall limit

would fall sbove the curve »f Figure 20. These lvads have been analyzed

in terms of the degree of stall penetraticn defined by the rise in rotor

terque:

ACQ/o = CQ/GExp"CQ/GCR

where

ACQ/c is the measure of the degree of stall.

c./o

o/ %Exp is the measure CQ/O at & specific test condition.

gy in

'CQ/OCR is the value of CQ/O ( given by Reference 2 ) at the lower

stall limit with the rotor operating at the advance ratio

and CD/o values of the test peint.

Under stalled conditions, the control load increment sbove the curve of
Figure 21 is defined as ACmb. Tne effect of stall penetration upon

ACmd is shown in Figure 21. These data encompass the entire high speed

range and both -h-degree. and -8-degree twist blades. The fairing provides
an approximstion of the loads developed at high speed:z over a wide range of
rotor lcedings. A value of Cmb can be defined at any operating condition

from the value below stall in Figure 20, the degree of penetration, ACQ/c

frar Reference 2 and the contrel load build-up beyond stall from Figure 21.

To.verify this tecanigue, it has been used vo predict the control load
characteristics of the CH-53A and CH-3C helicopters. The results are compared
with flight test data in Figures 22 and 23. Good correlation has been

obtained for hoth rotor systems.
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‘"his technigue, when applied tc the NH-3A rotor operating envelope,
gives a set of control load contours which correspond to the test data, A
sample envelope at 175 knots (equivalent to the envelope in Figure 15¢ is
presented in Figure 24, which shows the efrects of rotor lirt ana drag on
the control loads. Below the * 465 1b contour, equivalent to the lower
stall limit, the loads are nearly constant. The higher contours indicate
the load build-up as stall is penetrated. It is spparent that rotor
1ift level, and, to a lesser extent, the rotor drag have a strown_ afluence
on control loads wher the rotor is operating beyond the theoretical lower
stall limit. It should be noted that these loads correspond only to steady
level flight. -uaring most maneuvers, with the rotor ovt of equilibrium,
control load levels are substantielly lower than the values thai would be

predicted, extrapolating from steady-state values.

A limitation encountered with the five-bladed rotor system was the
high vibratory load. in the rotating scissors link of the main rotor control
system. Loads above the endurence limit were enccuntered when operating at
high forward speeds and high collective pitch settings. Rotating scissors
loads obtajined with the compound com iguration and five-bladed rotor system
are shown in Figure 25. The loads increased rapidly with airspeed when
trimmed at the maximum 135 knot collective trim setting. This increase
closely parallels the build-up of push-rod loads and was apparently due to
blade stall. With the wing removed greater rotating scissors loads were
obtained at an equi.alent collective pitch setting since the rotor was mcre
heavily lonaded.

With the six-bladed rotor configuration increased loads cn the rotéting
scissors were anticipated, and provisions were made for the installation of
dual rotating scisscrs. Due to the load sharing between the two scissors,
vibratory stresses were reduced to low levels for all flight conditions. The
stationary scissors, however, which indicated lower loads with the five-bladed
coafiguration showed a substantial increase in vibratory loed for the six-

bladed rotor system. This increase in load was noted both w.-th and without
auxiliary Jet thrust and became a limiting factor when operating with high
collective pite. at high forward speed. Figure 26 shows that load levels
exceed the endurance limit of the scissors at high forward speeds with the 120
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knots collective pitch setting. The approximate boundary imposed by these
loads was shown in Figure 15i. Since this 1imit did not severcly restriot

the flight envelope, no modifications were considered nec=ssary.

Blade Stress

The effect of rotor Lift and dr 'z upon blade stress characteristics
was investiguted over a wide range of airspeeds. In addition, mein rotor
blade twist and nurber of blades were varied to eveluate the effects of
these parameters upon blade stress, Recent emphasis on high speed rotor
operation has made reduction of blade stress particularly important, because

stress, rather than pover, may determine maximum allowable flight speeds.

In an articulated rotor, the maximum blade vibratory stress usually
occurs at the bottom rear corner of the spar at 60 to 70 percent span
(gage BR-T for the NH-3A). Figure 27 is a composite plot showing the
effect of wings and auxiliary propulsion on blade stress of the five
blade, -4 degree twist rotor. The bands represent stress date from numerous

flights over a range of rotor operating conditions. The band is widest for

the full compound configurations due to the increased size of the available

flight envelope.

Without wings or Jet engines, the vibratory stress level approached
6,000 psi at 140 knots (CAS). The addition of auxiliary propulsion to
the pure helicopter reduced the rate of stress innrease with airspeed -
apparently because of rotor urnloading produced by the Jet engine-cponson
assembly which developed considerable 1ift at high speeds. The greatest
stress reduction was obtained with the full compound configuration in
which the addition of the wing permitted significant unloading of the rotor.

The effects of rotor 1li<r - 2d airspeed upon vibratory stress of the
-k degree twist blades are shown in Figure 28. Forty-six data points
were examined for speeds between 149 and 194 knots, rotor lift values of
4,300 to 16,000 1lbs., and rotor drag of 900 to ~800 lbs. For this range
of data, stress was determined to be a nearly linear function of speed
and rotor 1ift, but nct significantly affected by rotor drag. Consequently,
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stress is seen to in~rease, lincariy, with forward speed at a glven 1lift
value and to be strongly affected by the degrea of unlouding., This stress
reducing effect of decreased rotor loading was shown in Figure 27 by the

Jow stre.ses demonstrated in the compound configuration.

The insensitivity of blade stress level to rotor drag 1s not unexpected
for the -4 degree tvist blades. In full-scale wind tunnel tests of the
H-34 (Sikorsky S-58) rotor system, Reference 3, stress was found to increase
in zero degree twist blades with increased rotor propulsion, while -8 degree
twist blades developed reduced stresses as rotor propulsion increased.

Therefore, it may be concluded that -l degree twist blades are relatively

insensitive to rotor propulsive force.

The effects of number of blades and blac .wist were also evaluated.
Pigure 29 shows that main rotor blade stress was lower with the six-bladed
rotor than with the five-bladed rotor having identical blades as expected,
because of the lower 1lift required per blade. The increase in twist from
-4 degrees to -8 degrees shifted the location of maximum stress intoard

(from BR-7 at 70 percent spen to BR- at 60 percent span) and increased

the maximum stress valus. These data were measured with collective piteh at

the 80 knot position which, at speeds above approximately 120 knots,
resulted in the rotor operating at a drag condition. The increased stress
measured on the higher twist rotor under such conditions is in agreement
with the H-34 full scale wind tunnel test results discussed sbove.

Effects of Rudder Deflection on Tail Rotor Stresses
The effect of rudder deflection on tail rotor blade stress was evaluated

as a function of airspeed. Figure 31 shows NB-R vibratory stress versus
airspeed for 0, 10, and 20 degrees left rudder deflection. As speed increases,
the effect of the rudder increases, and the tail rotor thrust requirement is
reduced. Lower blade coning and flapping and, therefore, lower stresses on
the semi-articulated rotor result. During the flight, main rotor power was
reduced slightly between 0 and 10 degrees rudder settings. The data indicate,
however, thet a stress reduction of as much as 25-30 percent can be achieved

at constant power. Camber or positive incidence on an adequately sized

vertical tail should have the same effect.
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AIRFRAME VIBRATION

Prior to flight testing, the NH~3A was shake tested with and without
wings. These tests, described in detail in Reference 6, indicated that
the NH-3A vibration levels with a five~bladed rotor would be lower than
other S-61 series aircraft (SH-3A and CH~-3C), primarily because the NH-3A
fuselage modes are further removed from 5 per rev. The response of the
NH-3A with the six~bladed rotor was predicted to be even iower due to the
lower rotor blade loads asnd the absence of fuselage resonances near 6 per

rev operating speeds.

Flight tests confirmed that NH-3A cockpit vibration levels vere in
ggreement with values predicted by analysis of shake test results. The -
effects of number of blades, blade twist, wings, and jet thrust on vibra-

tion are discussed in the following pzragraphs.

Effect of Number of Blades
Cockpit vibration levels of the five bladed and six-bladed configura-

tions are compared in Figure 32 for a range of flight conditions. With the
_~4 degree twist blades, the six-bladed system reduced both vertical and
lateral response. With the higher twist (-8 degrees) blades, the six-bladed
system provided little reduction in verticel response, but lateral accelere-

tions were reduced by 50 percent.

There are séveral reasons for the substantial improvement with the
six~bladed rotor. First, blade airloads generally decrease with higher
input harmonies. In addition, the blade respnnse characteristics are such
that the six-bladed rotor transmits less of the applied loads to the
fuselage. The natural frequency of the second flatwise bending mode of the
S-01 blade is near 5 per rev. Blade response at this frequency provides
considerable fuselage vertical excitation in the five-~bladed rotor, but dves
not feed throngh the rotor head in the six-bladed system.

S8imilarly, lateral and longitudinal fuselage excitations result from
n-1 and n+l edgewise blade response. Since the S-61 blades have a first

adgewise resonance near } per rev , the five-~bladed rotor passes hi~h 5
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ral and lopngitudinal loads to the fuselage. With the six-bvladed
per rev response is not transmitied through to the airframe.

- b ol . L3
per rev lat

rotor, the b

Finally, Figure 33 shows that two of the three important modes of the
NH-3A fuselage response are less sensitive at 6 per ‘ev than at 5 per rev.
The higher vertical response to longitudinal excitation at 6 per rev may

explain the lack of difference in vertical vibration between the five- and

six-bladed rotors with the -8 degree twist blades.

Effects of Blade Twist
Flight test results on -4 degree and -8 degree twist blades, also com-

vared in Figure 32, indicate smell changes in cockpit vertical vibration
Howev r, the cockpit lateral. levels, especially with the five-bladed

levels.
configuration, are significantly higher for ~8 degree twist.

Transmission Support Structure Stresses
The transmission support fittings transmit loads from the rotor system

Consequ2ntly, stresses in this area are affected by the
Transmission support

to the mirframe.
same parameters which influence alrframe vibration.
fitting stresses are presented in Figure 34 which shows that the stress

levels with the six-bladed rotor were only a fraction of those with the

five-bladed configuration, especially at higher speeds. This behavior

parallels the cockpit lateral vibration characteristics shown in Figure 32.

Rotor Unlcading
Figure 35 shows the effect of rctor unloading upon cockpit vibration.

The use of wings and auxiliary propulsion resulted in reduced cockpit
vidbration at high speeds, primarily because of the delay or eliminsation of

retreating tlade stall. Analysis predicted vibration levels at 180 knots

in the compound configuration to be equivalent to those at 140 knots with

the rotor carrying the full aircraft weight. The predictions were based

on ne assumption that vibration levels would be equal at the cnset cf

stall in the two cases. The stall criterion of Reference 2 was utilized.

Figure 35 confirms that this is & useful method for predicting the effect

oi' compounding upon vibration levels.
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Py Teil Shake
{f Commencing with testing of the six-bladsd robtor configurstion; s
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frequency, high dispiacement, lateral oscillation of the tail assembly,

believed to resulv from turbulent airflow generated by the main rotow

impacting on the tail pyion area. Although the structural integrity of :

the aircraft was not seriously affected, the vibration level increased

woan O

with speed and became objectionable at high forward speeds.

In an attempt wo reduce the tail sheke vibration level several

possible solutions were considered. Previo:. testing with the five-bladed ;

rotor system had been accomplished using a main rotor head "beanie"
fairing to streamline the airflow from the main rotor and deflect it down-
As an initial step this fairing was
. However, due to the damper instal- :

e

ward away from the tail rotor.
modified and installed on the uircraft.

lation, the Tairing was installed approximately seven inches highe» on the
Since the effec-

Vs,

Saly

e Sk

A A o e

six~bladed rotor system than the original installation.
tiveness of the fairing is a functior of several factors including its

-

BT T yen i AR & wKons

diameter, thickness and distance above the rotor head, no significant
As an additional modification

)

reduction in the tail shake was accomplished.
a skirt was installied around the circumference of the fairing to effectively
lower the installation. Subsequent flights revealed that only a smalil
reduction in the tail shake could be accomplished with this configuration.

M p o g 2

utid e ;_.;;,..

- Simultenieously, the effect of fuselage trim attitude on the tail
shake problem was investigated in an attempt to remove the tail pylon from
A c.g. change to 265.7 inches or an elevator setting

BEUAL b FREL e e L et .
e N AN RN NI IR B 880 w4 ertbre T e en ot as

the turbulent airflow.
of + U degrees was found sufficient to eliminate the tail shake problem.

oM A 2N e

The latter solution was used for the remeinder of the six-bladed flights.

It is apparent that to avoid tall shake in a high speed helicopter or
compound, the turku:lent wake of the rotor head/pylon should be reduced as
much as possible, and that, further, the tail rotor and tail surfaces should
be loceted outside the rotor head wake if at all possible.
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The NH-38 compound helicopter was designed to provide a stabl- aircra’t
for research and data acquisition purposes. To accomplish this the airframe
was equipped with a large empennage. The result of this design was a stable
aireraft, even without AFCS {which had been removed), and there was no
unexpected loss of stability with speed. Flying quulities were generally as
expected, and the influences of wing, Jets, control surfaces and the

different rotor configurations were predictable.

V-N Envelopes
Although ‘the full load factor capability of the NH-3A was not developed

during this program, sufficient load factors were generated to indicate the
maneuver potential of the aircraft. Load factors achieved with the jet
augmented, five-bladed configuration are shown in Figure 36a. A maximum

of 1.82g was obtained in a left turn at 120 knots indicated airspeed. The
minimum load factor of .05¢ was obtained during an entry to autorotation

at, 120 knots. Addition of the wing expanded the envelope to a maximum load
factor of 2.2U4g, shown in Figure 36 b. This was obtained in a climbing
turn at 160 kncts. The addition of a sixth main rotor blade (without the
wing) also improved the load factor capability oI the basic aircraft.
Figure 36¢ shows that a maximum of 2.2g was obtained at 120 knots. This

configuration achieved an indicated airspeed of 230 knots in a dive.

Theoretical Correlation With Flight Test
Flight test values of control positions and aircraft attitude agreed

well with theoretical predictions based on small scale wind tunnel tests.
F: _are 37 compares flight test data at 125 knots with predicted lestera:
directional characteristics from Reference 7. The effect of the differen-
tial wing lift is apparent in the lateral cyclic stick data. This effect
was not considered in the preflight calculations and consequently near
zero sideslip there was approximately 1% degrees more left cyclic pitch
than predicted. This difference had no adverse effect on the NH-34, but
it should be considered in the design of future compound aircraft.
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At speeds below 150 knots aircraft attitude aund control positions

vere predinted using a digital computer program baced on linearized rotor
aercdynamic theory. Figure 38 demonstrates the adequacy of this approach.
For higher speeds & combined analog-digital ("hybrid“) computer was used
to cotain trim solutions. The hybrid computer program includes the aerxo-
dynamic analysis of the generalized rctor performance (GRP) program

(Ref. 2) which considers the effects of Mach number and reverse flow, and

has no small angle assumptions.

Figure 30 compares flight test with computeé values of vnrious para-
meters. In calculating these pavameters on the hybrid computer, jet thrust,
roll attitude, and ccllective pitch were specified as equal to the measured
values. Discrepancies in the generally good correlation appcar in longi-
tudinal cyclic piteh, aircraft pitch attitude, and tail rotor pitch, at
high speeds. There was counsiderable scatter in flight test values of the
first two parameters, which could account for the differences. The dis-
crepancy in teil rotor pitch at high speeds is probably due to a high pre-
diction of main rotor torgque and use of too lo. a 1ift curve slope in the

linearized analysis of the tail rotor.

Effect of Various Farameters on Aircraft Attitude and Control Positions
Effect of Drag Reduction

The effect of drag reduction on control positions, aircraft attitude,
and Jet thrust ié shown in Figure 39. 7Zhere was a signiiicant forward
shift in longitudinal stick position and an increase ir flapping which
would produre gnose-dowa pitching moment. &% 199 knots, two degrees of
downward elevator displacement were required to produce an equivalent
moment and return the stick to the position established prior to the drug
reduction modificaticns. This shift in longitudinal characteristics is
believed to be due to increased effectiveness of the horizontal stabilizer
resulting from improved airflow characteristics over the wing root and
landing gear fairing. A study of horizontal tail loading, determined from

stabilizer bending moment measurements, (Figure 40) confirms that increased

tail loads are the cause of the trim change. It was demonstrated, therefore,

that improved stability is provideda by putting the tail surfaces in a clean

environment.
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Mo HH-S3A compound configuraticn included a high wing with & constant
incidence ungle of zero degrees (airroil reference chord line). The wing
aerodynamic center was locatrd near to the basie aircraft c.gz. in order to
“eep the ving~fuselage pitching moment ~hanges caused by chianges in wing
liYt to a minimum. Therefore the aircrafv trim and dynamic response
cheracteristics were not expected to change significantly with the additien

of the wirng.

.i1gure b1 shows the effect of wings on flight characteristics of the
NI 3A. Por all flights shown in this figure the aircraft was trimmed at
80 knots with jet thrust at idle. The collective remained fixed and jJet
thrust was increased to achievs higher speeds. In the full compound
configuration, the wing was developing a positive lift at 80 knots, so less
co'lective pitch was required than in the wingless confiruration. The
differential wing lift effect can be observed in these data. The differen-
tial lateral -~tick displacement required to counteract the positive rolling

rcment is appreximately 18 percent at 180 knots.

Dynamic respoas« to a longitudinel stick pulse was mcasured in flight
with and without the wing. The results of a % inch longitudinal cyeclic
pull and return are shown in Figure 42. These data show little change in
response due to the presence of the wing. The small duffereaces may reflect
the difference in sctual contrcl input during the mancuver. The measured
response is compared with calculated values in Figure 43. The measvred
eontrol input has been utidlized in the analysis, and tiie results show good

agreement both with and without the wing.
Although lateral characteristics were not directly investigated, pilots
reunrt that, with the wing, roll control power was somewhat diminjshed, but

that laterel stability was improved.

Solidity Effect

To dete:mine the effect of snlidity, the HH->A was flown with both a
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control nower a1 d damning, and reduces the scollective pitch requirement at a
given speed and angle of attack. I'igure 4k is a comparison of aircralt
attitudes and control positionu for the five-bladed and six-bladed config-
urations. The added profile power of the sirxth blade increased rotor torque

at lov speed so thut more left pedal was required for trin.

Theoretical and experimental longitudinal response to a pull and return
were compared for the five-bladed rotor in Figure 43. A similar comparison
for the six-bladed rotor appesrs in Figure 45. Again the agreement is
excellent for the first 10 seconds. Beyond that point, the matching of

control inputs in the calculation was stopped.

Effect of Twist

Main rotor blades of both -k and -8 degrees were tested on the five-
and six-bladed rotors during the test program. The twist variation caused
no changes in air-~raft trim, control positions and stability, within the

accuracy of the test data.

Effect of Horizontal Tail

The NH-3A horizontal stabiliz=r was designed to provide a stable
pitching moment (Ma® 1lope, including the contribution of the rotoer. With
the tail initially = .e. on this basis, wird tunnel tests revealed a
serious reducticn of tail effectiveness over a narrow range of ang.e of
attack where the tip vortices from the J-60 installaticn impinged upo
the stabilizer. To eliminate this problem the span of the stabilizer was
increased to p~ vide area outboard of the jet engines. The characteristics

of the NH-3A and standard SH-3A stabilizers are as follows.

SH-3A NE-3A
Total Area 20 feet? 76.2 feet?
Aspect. Ratio 1.8 5.25
Incidence 0 degrees Ground Adjustable

-5, 0, 5 degrees
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The affect ot the .ncreased stebilizer area upon dynamic response is
shovwr. in Figure 4 for an aft stick puise., Tae stick displacement was held
ror the NH-3A longer than that for the SH-3A but with less amplitude,
giving o similar impulse. The maximum change in pitch attitude of the
lii-3A was only € degrees, compared co 20 degrees for the SH-3A. 1In addition,

changes in speed and vertical acceleration were smaller for the NH-3A.

Some prcblems were encountersd with the larger empennage in hover,
sideward and rearward flight. Pitch oscillations occurred in hover due
to intermittent partial immersion of the horizontal tail in the main rotor
downwash., This effect did not ~ccur in calm air. The aircraft also had
reduced speed capabilities in sideward and rearward flight due to abhnormal

airflows caused by the larger vertical and horizontal tails.

Bffects of Elevator Deflection

The effectiveness of the large elevator is demonstrated in Figure uf,
which shows the effects of changes in elevator setting upon steady state
flignt parameters. Figure LTa shows that a 2 degree regative (up) elevator
increment produced a much more nose-up attitude. This resulted in a
reduction cf the rotor lift requirement at constant collective pitch. The
combination of increased pitch attitude and increased roter propulsive
force resul =4 in a lerge forward stick motion and greatly increased flap~

ping, limiting speed to 1L0 knots.

Tre effect of a positive (downward) elevator deflection is shown
separately in Figure 4Tb. A 2 degree positive increment precduced a
nose-down moment, allowing the longitudinal stick to move aft to produce
the required bslancing morent. With the favorsble stick position ard

reduced flapping, speed was limited only by available jet thrust.

Effect of Rudder Deflection (GR)

The effect of rudder deflection on the compound helicopter flight
parameters is shown in Figure 48. Deflection values of -10 and -20 degrees
(left deflection) were chosen to counteract main rotor orque and provide
tail rotor unloading. Rudder defiecti 1 did not signif ~antly affect any

flight parameters except rudder pedail.
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CONCLUSIONS

The NH-3A test program demonstrated that the fully
articulated rotor system is well adapted to the
environment of compound helicopter flight .t speeds
up to at less' 230 knots, the maximum attained in

this program.

Available methods of arnalysis of perform-uce, stability,
control requirements, blade stresses, end vibration can
generally be applied up to at least 2C0 knots without

significant loss oif accuracy.

Anticipated results which were confirmed by test

ircluded the following:

a. Speeds in excess of 200 knots were achieved both with
and v:iheut a wing through application of auxiliary

propuision.

b. Blade stresses at high speed were acceptable and were

reduced by roter unloading and by reduced blade twist.

c. Vibration levels at high speed were very acceptable

and were markedly reduced with the six-bladed rotor.

d. Inherent aircraft stability without any type of arti-
ficial stabilization was provided by an adeguately

sized fixed horizontal stabilizer.

e. Blade stall and the associated buil< up of contrecl
loads was delayed by rctor unloading and by use of

increased blade twist.

. Tail rotor blade stresses at high speeds may be signi-
ficantiy reduced by providing anti-torgue furces with

a vertical tail.
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RECOMMENDATTONS

el Bl R R b i ot i,

The following areas are recommended for further study, based on the

results of this investigation.

1. The NH-2* research helicopter should be modified to permit
testing to higher speeds. Mcdifications required to achieve

speeds above 250 knots include the following:

2. Installation of integrated controls to augment the

rotor when it is slowed and unloaded.®

A Reduction of airframe parasite drag by fairing of
rotorhead, irsiallation of new T-58 inlets and stream-
lining of airceraft nose, cockpit canopy and T-58 engine

housing.

c. Installation of increased thrust jet engines.

2. Serious study should be made of application of the 200-250
knot articulated rotor compound helicopter to operational
missions.
3. Study should be made of appliceticn of the six-bladed rotor 3

to the HE~3 family of aircraft as a result of the very

favorable pilot reaction to the flight characteristics of

that configuration.

IRV UL IO

L. Further ludy, including fliga..t tests should be conducted to
verify the findings of the tip spread analysis. Acguisition
of two~dimensional airfoil pitching moment characteristics

at Mach numecers from 0.7 to 1.0 is 2lso desirable.

* 'This has been accomplished at full rotor speed under U. 5. Navy Contract

W 00019-67-C~C513.
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TABLE IX

NH-3A PARASITE DRAG BREAXDOWN

V = 160 Knots

SH-3A Design Est. Present Est.

Fuselage 5.12 4.00 4.00
Main Rotor Head . 9.92 8.90 8.95
Main Rotor Pylon & T-58 Installation 2.36 2.36 2.36
Vertical Stabilizer Plus Interference 0.37 0.82 0.82
Horizontel Stabilizer 0.25 0.5 0.81
Teil dheel 0.46 0.6 0.46
" Landing Gear Pods 6.95 2.67 3.20
Tail Rotor Head ‘ . 1.76 1.76 1.76
J-60 Facelles ' — 2.20 6.20
Wing installed — 1.29 .00 (A°
Flaps)
Protuberances, Gaps, Jcints and 2.75 0.51 1.5k
Miscellareous
M_mentum Losses, Spillage Drag 1.17 0.40 0.2C
31.11 25.96 35.00
Without Wing & Jets 31.1) 22.47 24.80
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1/12 SCALE MODEL WIND TUNNEL DATA

Hiss

PRV PAPININ

Tests of a 1/12 Scale Model of the NH-3A airfrsme,shovn in Figure kg,
were conducted in the United Aircraft Corporation 4 x 6 feet Subsonic
Wind Tunnel prior to modifying the bailed SH-3A aircraft. Six-component

aerodynamic data were obtained over ranges of model pitch and yaw at a
constant tunnel dynemic pressure of 25.6 psf, corresponding to a nominal

tunnel speed of 100 mph.

This appendix is intended only to provide the most significant data
used in evaluation and. correlation of the NH-3A flight test results. Data
are presented in Figures 506 through Sk in terms of full-scale aircraft
forces and moments per unit of freestream dynamic pressure. All guantities
are in the wind éxis system, through the aircraft c.g., and are corrected

for gravity and interference tares. Unless specificalily noted, tail inci~

) M.
A

RN

-~ dance, flap deflection and elevator deflection were zero. The model was
at equipped with a non-rotating simulated rotorhead. Streamlined fairings

s 1

were incorpcrated to provide smooth flow about jet inlet and exhaust

locations.

Figure 91 presents the effects of the wiug and tail upon airframe
longitudinal charecteristics over a range of angle of attack. Lift, drag
and pitching moment parameters are shown foi the compound configuratiorn,
the helicopter plus jets (compound with wing removed), and the helicopter
with Jets, but with the horizontal stasbilizer removed. The minimum para-

SR KRiNe 3 AT TRLINBL R TG U RIS A b T B PO B Y S e v 12,

site area of the compound configuration was measured as 18.5 square feet. . £
This was initially corrected to 26 square feet to account for protruber- ﬁ ;
ences, leakage and details vhose drag could not be accurately assessed on §
the small model. A further discussion of the actual drag was presented in

Aircraft Drag, page 15. The pitching moment curve of both configurations,

with the stebilizer instualled, was highly stable., “igure 51 presents

similar dats without discussion, showing the effects of flap deflections

éj} of G, 10, 20, and 30 degrees.
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Figure 52 presents the effect of elevator deflection and Figurde “§
shows the effect of stabilizer incidence upon longitudinal charact: e
The small differences which may appear betueen data of similar config .-
tions in Figures 50-53 represent the wind tunnel measurement accuri&y,

because a separate run was conducted in each case.

Figure 54 shows the effect of yaw angle upon side force, rolling and
yawing moment parsameters. The yawing moment is neutral or slightly
unstable at small angles of yaw, probably because of the redured vertical

stabilizer effectiveness in the rotorhead wake. The positive contribution

of the tail rotor makes the full scale aircraft directionally stable.
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APPENDIX II

T T ETIRNTL A (MY AN

TEST INSTRUMENTATION

Test instrumentation was installed to record flight test data on
handling qualities, performance, rotor loads, stress, and eircraft
vibration for all configurations investigated. Dual instrumentation
was required in some areas to provide simultaneous indications %o both
the pilot and the oscillograph/photopanel recorders, or tc provide
back~up for the principal parameters. Instrumentation was also provided
to monitor critical structural loads. A description of the basic

instrumentation package is provided in the following sequence:

Apparatus

1

2. Calibr.cions
3. Measurements
N

. Accuracy

APPARATUS
Primary recording devices, installed in the cabin area, consisted of

two 50 channel light beam photo-recording oscillographs and a 24 hole
photopanel, utilizing a variable speed 35 mm cemera. Signal conditioning

for the transducers was provided by standard btridge balancing modules and

potentiometer adapter boxes.

A nose boom was utilized to obtzin airspeed, altitude, fuselage angle
of ettack, sideslip angle, rate-of-climb and static pressure. The
original aircraft airspeed system probe was alsc operational and used as the

primary system when the nose boom was removed.

Wire-wound potentiometers were cosxially mounted to sense the angular
motions of the longitudinel, lateral, collective, and rudder pedal controls.
Similar installations utilizing angulatcrs mesasured flapping, feathering, and
lag angles of the master main rotor blade. Teil rotor flapping and pitch

were measured with wire~wound poientiometers.
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9 Vibrations wer. sen.ed by ve.cecity pickups and accelerometers.

st RGPS M

! VYertical acceleration at the center of gravity wes measured with a loud
factor type linear accelerometer. Pitch and roll attitudes were ]
measured with a vertical gyro. Pitch, roll, and yaw rates were measured :

with rate gyros.

Stress and load transducers consisted of electrical strain gages
vired as conventional single active gages or as 2 or li gage tension or
bending bridges. Strain gages normally installed on the leading edge of
the main rotor blade spar were remcved to the trailing edge to prevent
unnecessary drag effects. Internal wiring was provided for the instru-
mented main rotor blade during fabrication. Wing bending moment measure-
ments wer: made by strain gaging the rore and aft wing spars at two span-
wise locations. Wing lift was determined from the difference in bending

moments between these two locations.

i

3 H IR AN 4 i s TR A S b b 500 0] R Lt AL AR R hedm § TN A YT YR Kk Y 2 P P v et

CALIBRATIONS
Instrumentation items were laboratory calibrated prior to installation
(:: on the aircraft. Preflight and post-tlight calitrations were made for all
oscillograph measurements with the exception of the velocity transducers
which only required periodic calibrations. Aircraft rigging checks were
made throughout the test program as requ.ired by main rotor blade changes.
All date presented herein are corrected for instrument and installation

errorse.

Airspeed position error calibrations were made for the aircraft and
; nose boom systems to calibrated airspeeds in excess of 200 knots. The
calibrations were conducted using the measured speed course method. Results

of the airspeed caiibrations are shown in Figure 55,

PR e e

£ 3 ATERR I AR LT DAL an B s MO ke £ bl B it S s L Rt VT AR LV PRV SR SR

- Turbojet thrust determination was made by utilizing the engine manu-
facturer's test cell calibration data, which included engine pressure ratio,

net thrust, corrected fuel fiow, and ccrrected engine speed.

Calibrations of control positions, blade motions, gyros, accelerometers,

(w, and pitch and yaw vanes were straightforward and will rot be discussed here.

PR R R N e P - T WP

The control system rigging is presented in Table III.
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Values of main rotor ithrust were obtuined by direct measurement of

S

Al

axial strain in the mmim rotor shaft. Laboratory calibrations that

R TP

included effectr of shaft bending and torsion on the thrust *. - showed

repeatable, linear results. As testing proceeded, however, it . and

PPN

that the influenee of main rotor gearbox temperature resulted in a shift-
ing of the zero thrust reference. Further investigation of the problem

was underteken with a tempersture probe in the main rotor gearbox to

N A T TN A TR AP T AN rerrsm e oo v
b Lpititur ot b AL i o

establish a relaticonship between the thrust readings end the temperature
gradient. Results of this calibration indicated that five minutes of
hovering at moderate temperatures and 10 minutes in cold weather would be
sufficient to stabilize the thrust reading and provide a good zero

reference. All subsequent flights reguired an appropriate hover and zero

T R R T RSP
il SR A e

reference calibration prior to the actual data acquisition flight.

P R T

Laboratory calibrations of the wing spar bending moments in terms of N
wing lift, with the center of pressure at various spanwise and chordwise .

locations, showed repeatable results. However, upon installation of the

F2 NN

- vwing on the airecraft, it was found necessary to replace the attachment

- bolts with tapered pins to ensure symmetrical distributions of wing loads

DI TP i

among the four wing attachments. Even then, a continuing erratic
behavior of the wing lift data remained. As a result, the wing/bedy 1ift
was determined most reliably from the direct measurement of rotor shaft

thrust in combination with gross weight.

N D ACE 05 0l s W S DDAV ity

MEASUREMENTS
Oscillograph and photopanel measurements recorded during the test

program are given in Tables IV and V. The individual parameters recorded

S OMEor Wb et

in each of the configurations are noted by an asterisk (*) in the Tables.

YN

2 oru e e s

ACCURACY
The estimated accuracies of the measurements are pfesented in Table VI,

These accuracies are based on best engineering estimates at the conclusion of

the test program.
{i}
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FIGURE 55. AIRSPEED CALIBRATIONS.
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TABLE IV

OSCILLOGRAPH MEASUREMENTS

LR B B B B B B Bk B B BE N B BE IR R R I B R A

CONFIGURATION
1. Helicopter plus jets, 5 blades, -h twist.
2. Helicopter plus jets, 5 blades, -8% twist,
3. Helicopter plus jets & wing, 5 blades, -4° twist.
k. Helicopter plus jets & wing, 5 blades, -8° twist.
5. Helicopter, 5 blades, -ho twist.
6. Helicopter, 5 blades, -8° twist.
T. Helicopter plus jets, 6 blades, -h twist.
8. Helicopter plus jets, 6 blades, -8° twist.
MEASUREMENT CONFIGURATION
~ 1231b 5618
N
Longitudinal stick position ;*3*’* *3* L
Lateral stick position l*§*;* AL B AT
Collective stick position ‘*;*‘* % (% i
Rudder pedal position Potp i o e e o
Pitch attitude RARILR IS S
Roll attitude et Rl bl el el
M. R. blade pitch Rl Bl bl il bl
M. R. blade flapping %*!* ol ool bl
M. R. tlade lag AR AL AL L AL
M. R. blade total stress TE-1 RR LA LA AL
M. R. blade total stress TE-k SR LEL LA
M. R. blade total stress TE-T AR LA RL LA
M. R. blade total stress BR-6 SR RR LN
M. R. blade total stress BR-7 i* LA A AL RL AL
M. R. blade normal bending stress NBR-1 AR LA LA LE Ll
M. R. blade ncrmal bending stress NBER-3 RR AL AL AL AL
M. R. blade normal bending stress NBR-5 RR AL AL AL AL AL
M. R. blade normal bending stress NBR-T HeowiN N *
M. R. blade normal bending stress NBR-9 wlinle i
M. R. blade torsional stress Q-2 R LA LR
M. R. blade torsional stress Q-k AL AL AL AL
M. R. blade torsional stress G-~T Bk d bl holl bl il Bl
M. R. thrust It
M. R. shaft torque SR AL AL AL L AL
M. R. shaft longitudinal shear force (X) ¢ %in
M. R. shaft lateral shear force (Y) : * i
M. R. ..aft total shear force i ® %
M. R. shaft longitudinal bending moment (X} * |
M. R. shaft lateral bending moment (Y) *
M. R. shaft bending stress LS AL AL AL AL
M. R. push rod load g R
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TABLE IV (Continued)

»
EOPT SR

MEASUREMENT CONFIGURATION :
12345678 <

. |
M. R. stationary ~:issors load #oale wonin e
M. R. rotating seissors load LI L
M. R. spindle edgewise bending stress i ¥
M. R. spindle flatwise bending stress ‘
Right lateral stationary starload LI R
M. R. head total stress UP-1 i
M. R. head total stress UP-2 !
M. head total stress UP-3 ’
{
i
!

=<y ]

M. head total stress VH-1

M. head total stresg VH-2

M. head total stress VHR-2

M. head total stress VHR-1

M. R. head total stress VHR-3

T. bliade pitch

T. blade flapping

T, blade edgewice bending stress LR-TR

1. blade normal bending stress NB-R

T. blade total stress L-1

T. spindle edgewise bending stress ;
!
¢

P

® % ¥ %

x % ok %
»*
*

%k K ¥ K X

*®

- T. pitch beam bending load
{ ) T. pitch actuator arm load
o 7. shaft torque

Tail pylon total stress P-1
Tail pylon total stress P-2
Tail pylon total stress P-3 }
Tail pylon total stress P-Y :
Tail pylon total stress P-5
Tail pylon total stress P-6
Tail pylon total stress P-T
Tail pylon total stress P-8
Tail pylon total stress P-9
Tail pylon total stress P-30
Tail pylon total stress P-11
Tail pyloa total stress P-12
Tail pylon total stress P-13
Tail pylon total stress P~1k X
Tail pylon total stress P-15
Tail pylon stotal stress P-16 i
Tail pylon total stress P-17
Tail pylon total stress P-18
Tail pylon web totel stress PW-1
Tail pylon web total stress PW-2
Tail pylon web total stress PW-3 i
Tail cone total stress TC-1 :
Transmission a® 2a total stress WSL-L3 X %
Pransmission acea total stress TLF~160A
Transmission ares total stress TRO-18

PR

*
*
i
,* -
*

Mot aiudwed

W W W W W D DR
-8
®x K K K x
‘oK X K K K Kk K K K
TR % *
*x * *
* % *
* % %
* % "y

*
*®
*

£ AN B G nS TS BB RS € o

AR
* ok ok ok ok Kk %k koK Kk %k %k kK K Kk k Kk k X
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i TABLE IV (Continued) : i
38
1 &
MEASUREMENT CONFIGURATION :
1225678
[ b P
Transmission area total stress TLO-18 * !*'*; l :
Transmission area total stress TRR-1G60F * ; ;
Transmission area total stress TRO-16A LA . :
Transmission area total stress TRO-15A * Cy 3
Transmission area tctal stress TLFF-6 * LELI §
5 Transmission area total stress TLF-160A-2 * AL 3
S Bendix coupling total stress C-1 L Pl %
2 Bendix coupling total stress C-2 * % v §
3 : Jet engine attachment total stress HA-1 L * e :
b Jet engine attuchment total stress EA-2 LA il i
! Jet engine attachment tctal stress EA-3 b o ; * 1% 3
3 : Stabilizer total stress RST-1 o L H
k¢ Stubilizer total stress RST-3 * ; )
Stabilizer total stress RSB-1 LI R L ol 3
o Stabilizer total stress RSB-2 *-oo®, * d
Stabilizer total stress RSB-3 * ;
4 . Stabilizer total stress LST-1 [ *|n :
e Stabilizer total stress LST-3 i* i
5 Stabilizer total stress LSB-1 ) * Rl b 3
E . Stabilizer total stress LSB-2 * » * % 3
C Stabilizer total stress LSB-3 * f
b Left stabilizer 1lift L A L L ¢
4 Right elevator moment Co P i
3 ) Rudder moment . o E
B Right wing 1lift N R
*1 , Left wing lift Co N
S Right wing flap moment powt |
) Left wing flap moment PR
. : Right wing bending stress at root : * i 3
- Left wing bending stress at root L B A ; {
A Right wing total stress BFS-1 Pl : 3
I Right wing total stress TAS-1 o ' ;
o Left wing total ctress BFS-1 DR : :
| Left wing total stress TAS-1 ;o : i
. Yaw rate LT S % $
g Pitch rate * : ! H
Roll rate * : : ;
. Wormal acceleration at c.g. WAL L ELIL S LELE 3
; Vertical acceleration at pilot (seat) LA *%* ; g
S Lateral acceleration at pilot (seat) WAL LB AL *| %
E Vertical velocity at pilot (seat) LR LR : :
o Vertical velocity at pilot (floor) woaelel o dnle :
g - Lateral velocity at #1 J-60 * § i i
E . Lateral velocity at #2 J~60 AL } % :
. ~ Vertical velocity at #1 J-60 ol Al ol B *i
b (_ Vertical velocity at #2 J-60 * l. i
Vertical velocity at #1 T-58 IREREUE
138
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CONFIGURATION
12345678
*

* K %k *
* %k X %

pS

tip
zer tip

izer
i
D
tip

ght stabil

left stabil
ri

t

ion a

l:ateral acceleration at tail rotor gear box

Vertical accelerat

Vertical acceleration at tail rotor gear *ox
Vertical acceleration at

MEASUREMENT
Lateral velocity at #1 T-58

* & Kk ok %

i

Vertical acceleration at left wing t

Vertical acceleration at right wing

N R AT R B A e e
LR xfﬁ?ﬂﬁ.ymm\%sw‘ R R
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TABLE Vv
3 PHOTOPANEL MEASUREMENT'S
CONFIGURATTON
3 1. Helicopter plus jets, S5 blades, -hg twist.
. 2. Helicopter plus jets. 5 blades, -8 twist,
s 3. Helicopter plus jets & wing, 5 tlades, -4° twist.
3 L, Helicopter plus jets & Wéng, 5 blades, -8° twist. 3
i 5. Helicopter, 5 blades, —h twist. 5
E 6. Helicopter, 5 blades, -8 t.ist. 3
3 7. Helicopter plus jets, 6 biades, -ho twist. :
% 8. Helicopter plus jets, 6 blades, -8° twist. 3
: MEASUREMENT CONFIGURATION E
4 12345678 3
3 ’ i i g
9 Main rotor speed BoE R % ke 3
3 Rate of climb e b b i
b Airspeed (ships system) LALLM 4
k- Airspeed [nose boom system) LA - 3
2 Altitude LR 3 BL BE BE XL Nt 2N :
4 Outside air temperature ol el el ARl L
4 C:‘ Yaw angle ol Al b g
3 Fuselage angle of attack ol bl |
3 Elevator position Hiteodk % #rfeln
o Rudder position RlEining ,  %iw
. Wing flap position A A
. No. 1 T-58 free turbine speed BRI bl i
1N No. 2 T-58 free turbine spee o o ol b
5 No. 1 T-58 engine torgue ol Dol Bl Dol Bl Bl B
E No. 2 T-58 engine torque bo ol el Bl Al Bl ol
. No. 1 J-60 turbine speed bt Bl Rl ol TR R A
E No. 2 J-60 turbine speed - i Rl A i b
. No. 1 J-60 fuel flow bl B e Bk *iw
N No. 2 J-60 2uel flow i ne e
i No. 1 J-60 compressor inlet pressure BE R ¥
K- - No. 2 J-60 compressor inlet pressure IR A ¥
E No. 1 J-60 turbine discharge pressure i R B i A
%‘ ; No. 2 J-€0 turbine discharge pressure BIRIRIN e
e Clock * *'*  IE X IE 3X )
9 S
: i
3 |
1 i
P ] i
S 4 |
: - C R

1ho

£ . - B A I N e YN TN




R P P N A B s e
AR E ot o G o A R Ty PO ST R IR P YO,
Ll v Sy o detee

A e

*S3JTUs

aangeaadmaq Jo asnwOaq JUTITS JO S9ajuulw

OT 3SJITIJ 9Uy3 J0J PTTeA 30U aIB 6nF IUBTTL
o0q xo1ad sjuswaanssauw S0y, - amgsisdwog
JUBASUOD B 48 ST UMOUS £0BINDOOB UOTFBIQTITR)

*UOTHETTRISUT
2JBJIOITB PUT 2AIND TT30 3593 uU22aM33qQ
20UsIaIIIP S$A08TIOI £0BANDOER UCTIBIQITE)

R TEN

OISR R

1sd 06 + %0°1+
1sd 00T+ %0° T+
tsd 002+ %0°1+
1sd 00T+ 90° T+
gop ¢2°0+ %G° O+
Fsp $2°0+ %5° 0+
at oS+ 496" T+

qQr G2+ 96T+
op T 0+ 40" T+
gop Gu O+ %S T+
8sp 62°0+ %0°T+
aT~33 042+ 40°T+
aT 004+ %0 T+

. $ST Ox %0° n+
HGT° O+ %0°" 1+

AoBanooy
Gotyniosay UoT3BIqTLB)

IA FIEVL

SETIOVE OOV NOLIVLNIWNYLSNT

%iwm&ﬂ?«%@ﬁgm THEE ST e,

ar

e-d
L=-aqn
L-ugN
A-ud

B e L T
LI R

S83138 9peld ‘U'H ‘TT
Yo3tg "¥°lL o
Butdderd *¥-°J ‘6
‘P a838 387 "3H ‘H°H ‘g
PBOT POy usnd "¥°W ‘L
Bey "y ‘9
Burddetyd “¥'U ‘g
Uitgd ‘U ‘R ~
=
snbaog YW g
snayy "4 °c
sutdug 2 °Of
sutduy T °ON
}snayy Q9-p °t
Jajousler WeLr

Ry

¥ 24
s e

[ 900
DS

v




R ' o - ¢ N oo e *
mm ST AP P VS R . " . sy e s s E%x
; {
, !
“ j
4 !
' .
:
¢ + £oBINCOB WOPSAS YL SUTULISIIP 03 paztnbaa (dr1s
i 518 mBL UT S3UITTS UOTYBIQITED paadsaty —————————— e e e apIS UT) pasdsaty ‘BT
¢ — _
3 tsd 00T+ 402+ €7~TSH
3 qxoddng -susiy ‘pad ‘81
3 10°F %0°T% ‘00
; 3 10+ 40T+ 3935 30T%d
UOTAELATI0DY TBIIYEBT] It

: 2 10"+ 40° T+ DD
) ﬁ 3 10+ %0° T+ 383ag 30T%d
ol UOT3BISTOOOY TBOTIIBA  °9T

gap $2'0+ Bap G'O+ TTod

Bap S2°0+ 8ap G0+ ynstd

SpNATATY 3JBIOITY ST

k2

7
:
¢

2

v
"
%

+uFTSep JTNOLTIO UO

mm soTuomaBy JHYATY JO $398JJS 03 ANp ‘SEITISn qQrT-3J 058+ qr-3J 0T+ uoygoaxtp A

.w 13q8L Sowsw uorzrsod oxaz GT s3ITUS STATIINH qQi~oJ 062+ qT-33 01+ UOT409ITP X

3 quswoN QN “H'W 7T
m +u8139p 3INDITID UO _

; s TUoMIBY JBYITY JC SINIFIR 03 onp ‘ssarasn qr &2+ QT 05+ uo1409aip 4

,w 313T Sou¥wh uoT3Isod oxaz ul S3FTYs atdt~(nig Q1 e+ at o4+ UoTIT2ATY ¥

: acoyg 1J8us Cutv €T
‘- 1sd 06T+ %" i ¥-an

3 1sd 00T+ %3 T+ R

¢ ssaa3g opuTg ‘¥'l ‘2l
5

m RoBanooy

_ UoT 4,059y UCT4BIQLTBO I310wRI8g  Woll

“«

SHARaoYy

(panuTquod) 14 INEVD

;
2

‘e -

§ LIRS RAEE s




LT T RS e TN T, 2SI T T (R S LS W RIS N s 2 e as s e ass o

O A R SETL T ¥ ¥ P RS TP AT N Y A WAy A Am sy e e on e
——A e

o~ onh 1T
g

e
PR A ey

R i e »;

-

+J09BoTPUT S30TTd UITA paust3Tsod 1098ARTH 3ap G0+ ap §°O+ uot3isod I048ATH ‘T2

Sap -0+ Fsp 0°T+ drrsapis Jo atduy 02

SBItOoY
uoI3aniosay UOT38Iq 118D I93ouedsg Wegl

R CITEN

(penurtauod) IA ITEVL

¢

143




SE7 LT TR TSR Y Y S At LR e 865 HST st

e

TS

EIPIA YAy NI BT, YA TR TR T

B . g et WA Ny =
TEIEITE £ A U T g T i iﬁ?».uiqﬂﬂfd‘gfdr R s
v

Foin AEGIIGERT, T ST SR WA S TR e g T e

R Sl LA A T I

w .
,w,
oo
;
x@ ! .
S <astay .g- ‘sapeta 9 *s3ef wntd Ja3dodireH '8
i .N-N..w om- ssoperq 9 ‘s3of syd seadodrraR ‘L
% canpay o sgopeTq $ *J3dOIITVE 9
cABTAY n~ *saperq § *4a3dodyTAR S
X casIAy g~ ‘SePUIQ § +9ufa y s3ef entd ao3d005Tey
g,v casya3 On- Caoperq § ‘Suia ¢ s390 sard andodrien €
‘M stay g- ‘sapeta § ‘8390 wm1d aa3dodsren -2
: . “aerma i *eepera § ‘esaf anilsedosit T
y . BOIIVUNDIANGD o 0
: wead-03-xCcod & 9IDTPUT, ! )
: ! T°€e 09 %9 2L OfEL  000%T oves  94n LT
3 0 e 09 €9 9 0201 00$MT  OSLw  OIn  9°0LT
€ Ze 3 %9 9L 0811 00051 O6%n @66  L'191 .
L'ta 29 1<} 0°9 $06  000ST  OJX6E  L2n 161 \
1°te 15 85 2's == =ee=  0OTE Oy  T'2ET
T'de 29 L8 nn $'5 - tand (3%, t I -1 n°e6 S1- Se T [}
., ald 59 €0 59 r'e 0L  0095T  006n TI6  £°ggl
= 6t $9 09 85 ¢f w— ese  OlEN lgL  LeQLT
- 1z 59 8% £ --e  e==e  OTUF 95L  2°OL1
, on° L9 $'9 0E8  0UBIT  OmgE  gL9  2°LST
G 5 o 19 $rq === === 0082 QL9 E'EMT =
; a 0%° L9 €5 18 -—-  ====  Q0fC 169 E°g21 ) =
/ & < 39 o EX3 =  e=-= 09T OEL  5°GOT i
,,ﬂ,. A o2 g2 25 4 6°n e eee= 02ET w6l 2°S9 st Se 1 )4
MA M 141 3 g1 e - s S ) w
1 1w 19 0°n === =e=- 0987 £0T.° 6°9L i
g zL 39 Ty “=-  =ee-  00RE €2C.  L°69T '
3 24 65 L =ee ===~ 0922 iM6  S°ONL H
g oL 9% 9°¢ ——- - 0091 656 2°t2tl .
14 €9 5% 0'n ~=s  ===-  Q6ET 2T0T 2°HOT N
M 9 L 99 ERS mee wm== o 0RS OMOT §°SE $1- Se 1 o
w “o €L 29 142 AR 05 V0891 0662 Gi6  m6St st~ Se 1 2v
, g 9 &5 99 60 onn 00881  O9NE k9§  wU6ST o Se
[ . an 65 99 g0 ont ooegt 0L6C  Lig 2’24t Fugm oy ] Ge 1 8
- st st (030} (S€1) (AT}  (SBT) "
i {oga) V' (£) Std (8) v FAALTLIY  OVHQ ISMMHIL I5AWiL (s}  (93Q) Iy (06A) 39  (9392) "1 o4°OK RN
m.m SHIAMIA COAD CNCT COAD CX ($) L6 HOAIL S04 NICY  HOIOM Aar g SYD 1430 V14 48T IR CONI TIVEL OIS0 JAOI
5 v
M VIVa1 ISIL IHOITA TVOIdAL
X
m IIA JI9V3
wi
;
S {
¢ mm‘ -/ ~/
T Pl e i i ot A R e :,wv.wv;.w: o oo _..n.mi.s.“.,vw».. T —

S o O A

Mok wn

ol NN

b

- -
/G S e,

2,

Ao 2

%mﬁ:\ait;ﬁrii?i\l, P TS




T

s
£

TET

N A TR

B R T Ty,

(sag) ST
OREJIVLE

-

(%) 5%
XD RN

N T

s
L]

PR

(5 5ty

SORD CINT (%)

29

29

£9
79

[TAN'S

RELIE RO T

PRI RN

I

Py
A e

e = +. o
T I TR BN MR AT 8 A SIS R 9 By ROy e,

7€ on- oozt oE9n  $96
8t 002 Q0LET os9n 26
0'n ong 00151 069N S06
e obY 00gST oLLE @9
Sy 064 0$6nT 0625 O16
2'n ['}1¢4 000ST OfLn  €£0$
$°g 06€ 02nsT ' 061n 658
v6€ cne 22857 ongE g
9°€ ot 02091 062t €LQ
W] 0SE 05997 oneE  L28
€L on 06601 0Ll2E  o0gé
NS oLt 00LST 092t  $98
'€ ot 06gST oSl §98
£°6 068 00051 oL2E 699
Tt 02¢ 00gLT 0982 ang
L9 009LT oonnt 0625 [
o€ ocn- 00ELT 0L62 0091
6°n 019~ oongt otse  olst
n ogl- oongt 0602  Onst
L2 - nee 0621 0951
22 - —ew- 20T 0291
§*2 - Eaatend 02s 0£9T
6°1 - baand [ 0022
6°1 - - 0 [11X4 4
2 et ——— 1] otst
6°2 bond et -0 o6EY
5°€ - e 0 2021
(03q) (sg1) . (SH7) {s97)
AANIILIV oVdad  ISOUHL  ISMMHI
HOLYS *Snd HOX08 ¥OL0¥ e &8
NS
( paNUTIUON JITA FIAYL
‘ )
——

281
g'2gt
8t
LR

061
[:381:18
6°6L1
9891

341

14
S g<t
6°151
7°€5T

L+gst
s gt

£°¢9T
g-L9t
L°191
g-€st
et
2'ent
[ 35314
cet
£21
g°$1tl
sor
"8

(st}
§Y0

2

Fuyn

(N&G) 49
“LAC VL4 I4AQ TR

A

S1-

st~

ot~
ot~

N (A&

S ot

R ST R o

bt Pt o

(Zaa} 29

TEASL cavae s

Se

Se

Se

(23
Se

Ge

(oaay Yy
*OHI TIVE

T

O
*OT4N00

AT A gy e SR,
SATTRREA R TN

le

92

1ks

JA0FT4

ey o
LT i

P}

Cayie

L I RO
L e . ~

o




T NI I B BT P TR 1 W ST N W Wy

1

B R T R O K o « s , v e " LW Y T o it et
' ‘
' !
¥
%
. 1
& 91 0 0°6 e B <1 6E1 ,
% nE 0°5 $6S~ 00Tl SgnG 899 E°66T
58 [3 2*n mee ==e=  G20Y 209 73t
£3 2n L€ 0g9~  00SqT  OLTE  €O9T  6°Eil .
. 28 o 92 ¢got- oORST ST 0651  S°OLl
Ov €n o€ cee eme=  GTST MIIT 2°MMNT
p an w8 e - - 099 8891  6°GeT
L € 6 2 nee  ew=e 067 1331  §°S2T L ° 0 £ €t
E 16 ° c'g ¢€9  co9C  S9ns  gnE @I
I3 L $°6 b = sms L8 Q8T
oL 25 0'9 oL 0088 ongn  9lg  §°LT
69 I 79 i - sg2n 2Bl 8991
19 Ln 25 0$ 000TT  CSSE  leL  9°6ST
€9 g% 5 eae  e===  OETE 3L E°SMI -
23 gn L “--  --e=  0gg G&il9 @021
7% in 25 %% —we  mme= QXL J0L  2ZTOWT n o o £ 3
g - L 9% ) 0% o cozé 01§ 2T 68l ; 4
6 2- 9L iy £ e 0f-  00SOT  O9wn 00T 2081 —
61~ at o €5 0°s pg-  ooelr  oley 866 g'mil ne 0 0
] 95 on 19 52 ¢68 0026t 6I4S 696 §G6T
g1 &5 an 29 2 oca  ooast  oxis 296 €481
2% 15 X 25 L€ 6qL  0Os9T  Gi6n  she  9UEst
i 85 L £y 82 sl ounotl G6En 998 STELT
7€ € 9% €9 e 026 00291  wyt €8 9t 0 S ° 3 11
gl 6°¢ cel- GonEr  we9n  ECET 97681 ot y1-
B 29 G661 008T{ G587 BIOT G081 6 L=
. €5 2s 091~  00%8 onln 800t 6Lt 6 L1~
0y ae 06 Colnt oh9n  SE6 HE3T 8 at-
1 00 29 3E olg~ 003l £Lg1  O%0T £21 7t £1- e £ e
st st 51 L34 (| (a1 (€D W
(mag) °w (g “*a 13) >y FAOLIL OYHG  L3fNE LSRN (3z4y  (eEa)y ds (oagy »y  (03C) ©7 “ON ERARAY
ONIddYId  COAD HOT  TDAD CIYT ETAS IR HOLOE  a0IOH Er Qus WYy a3 dwld C143Q CETE 0 CINY TIME COIAND MG
w,\
3
. _
¢ (PONUTIUOD TA TTAVL
i
i
L o 3
A GO e eiytopdn s e s S kit Ay g3 oy bt o s L i " o
o o s it ezl I s b s e e R s




TUREC A 1 T R Ra WAT ) TR
R R BTSN Y TR R AN B0 A YIS TR NS 40340 3 0 o7 rans s i 3 o
S

: R N ,e..xénw”..“””.f«.&ﬁxq.sﬁux.«ri FENIGUTP AR EGd pr s, S ST DT RIS T S T K S g s ey ¢ e e s e L wuE .
v»f T e MR T ST RN T IR E iy ramarae atr e e g
; N \N
it
5 w
’
i
t »
H
i
l}
i
(2
b
wh
59 1 ———- - IS B4 gt
£ .t 9 06T elE gL6 U691
8 : 194 SEC- o0l CE0E g6 e°m9t
ih . 0L o £ ——— Liad 0.e 926 2t
_v - at: -—-- — oLt 916 £21 .
m;v I’y o~ 5 T - e 2Ent nSé 77701 e
i ~ " Ay )tom €29C  00est weye  05E2 ént
> - L5 € o- ———— e ~=-- 0gle €ny,
v % o ni A ———- - ——— 0201 et
: az <N 69 60 it g === Sl o2t
! Ve s 59 30 ——— mm— wwe= 2027 it
L3 I 49 7t ———- mees meee GUIT 2ot
2% % £ 9z - m—es emee [ e b} G ] 95
2. te 13 %tw o I0%E 0026 2361 £°L61 !
{55 =g 4t 3t 09¢- 200%1 cosm  LEte 246l !
et " R i - === 0lOf S0O2 3214
: M s 143 c? 6= G6OTHT 066 §C0ES  gUgLT !
- s ot 3t 0£TI-  O0OLT 02 2661 g°lLl vy
£ .8 nr o1 - ———— 0T CL6T  BUEYT 4
) ¢ 15 w1 670 TeST=  C045T onzZl  gs6t £41
(A4 Ce 8% to 2 —— -——- 514 4 (AP AL 42 e 2 0 £ i
N o i s g~ n2et 24 PRV ) SR 1514
, Loum 06 8 9% ot9- oot OE6T  §5ST  TUOLT
g7 - o5 .oeot 31 ——— eme=  =me- QT2 Q'3ET
% 3 JRi4 —— ———— .- 00T 9°%FT
il 28 1'e o === wees 0G0 TURCU
nL 3¢ €'z ———- —— R4 1 4 149 o
oL oL e v——— wem- 8920 ¥°S0U
59 ) o -—-- - SOIT 4B
29 0 39 "5 e L 1 4 S 3 " 0 o € s
st - st . 534, [368T)  (se1) {597 m ]
‘ \OEC) e (%) "1 () "' ko AAL ] OVHG ISAHHL JISNYKL (SIX} {odaQ) 5y {£3q) ¥ (o3a) 1 *ON et HN
O8fad¥2d  CDRD CROT DK CI¥T (%) Sl°s 3 NAT EONOY 30 dHs Y0 *143Q V14 145G *3TR 0 ORI BVL CCIAROD  IROIUM

=t

(ponurquon EIA FIAVI

R

St

Sabar s

e
A ¥ 4
{
)

f
{
V
{
!

I3
i
v rd
1
i
¥ M
I3
b

e gy S o 3

258 Yot 5% S s P

LR LR R ADG PaA L n i Y i m
. 5 AW TE e S48 T I AL, e <3 & . .
e . R b T i T a0 L




TR T AT M SRR S A ¢ e s v e mes mame P .

Ui sati o i Dl " o . R e R
3

I3
§
¢
§
t %5 33 02 Qi€- 009NT  OT0E 088  9°99T
A 131 on 90 c92- 02T CECE L Lonat :

g5 Bn e G5T= Q0581 0)CE  2E6 €97
¥ 25 % " n'1 09T~ O00BET 090t €16 S €91 ne 2¢ 4} L [ {1
) o8 L 9°€ ——— —em=  géns  AUST TUG6T
4 54 27 ne mmee we== 023N S6ET 2°SRT
6L in g1 wmme  -ee=  02LE EMET QLT
» il s g1 wee=  =e== 0992 2621 Q09T
b L 14 €1 ———- w——- MmET 92T 61t
P L in 59 ) ====  eee= 009 Q€T Ptad ne 2+ [} q 8s
m 4] 02 cose  OEms 092t n6t
. M ot 0086 OTIS  CPIL g let
i [ ---= === g6ln 2TTT 9°6LT ;
£, i1 o8- 0k2T  093€  @eis it ©
. 31 one-  20g€T  ou6e TITT LeI9T ﬂ
¢ i1 0025t 0522 @901 8°gnl i
i === QLT 601 rad
y mno 84 86 mo me-=  me== Q09 RI1  2°SOT e 2+ 0 n 14
<
; T - s€ o€ ooon 00§ 0§L  L°g8t
! 0s 7 L€ 01 0cag otén 25l S 18t
‘ 8§ 5= A 13 042 ODSETL 00sE g9 L°T9T
; 65 6r £°9 o6g  COUS Géms  eln Seqlt

£ 25 0°9 ong  000% o1$  @In  wur
) 8% ) 0 0°g 0292 00gST 049 EGE 6'Eml
: ol % e o€ ©000g 0css  9LIT 06t

L an an ¢ 9 oncé 0967 qITT $°9gT e 2+ 0 L 9¢
! - - {p3C)  (SRT)  {S€1)  ¢sA) W

(941} "' (3) % FCOLILWY OVHD  ISOBHD  JSNWGIL. (s4) - (09Q) 35 {93q) 2, (oqay “s¢ e § HLOXNN

: BRI DRSO I (30 SLT 4 HOLLL °SOd dOSO¥  HOLOM BT ) o¥D  14E0 dYId 743Q *3T3 0 CONT TIVL COIdNOD WD
' )
i

(PONMUTLUOD I TA ATAVL

o




mu,.;rz.;w\i:vimira.ﬁ.:?;,.,a: FEVEMTRIGRRT 6 6 R e 3 A s e eni ke sone s eoseos

t ' TR T e e i i PSP e bt g s v L

¢

:

m

1

;

: KEd o o€ 0CT 0001  Q0gE 216 B 691 ne n+

y 3 » 80 on9- 00§11 0gLs  9CC 6491 n+ i

‘ Ig a 9°¢ oLlz- 00" 0EES  §SOT 2yt

i i kN oy (It 0064 0LZS  GOOT  §'9LT

i 8L Tt 2 cet JEY a6 2oLl

: Kot é1 2¢ ots- cmE L6 8UoSt 41+ 2

L 6¢ 2's e CEES €50t §-2gt

; L oy ef cte= 2048 000r  $20T G 9L1

: L & 0% e gnm=  GOL6  ORSE  Lg6 L9l 0T+ 2e 0 % 3

56T 006 onms 8BS 0'g6T

\ 001 J06L 09¢y  §081  £tial ‘

¢ 03%=  CCE 03€E LT $°6LT

. 09%-  CO60T  0lgZ  OELl  g-all

2 : 0Z2- 0003t 0991 09T  2°€9%1 !

t - - 0821 O0LT  §°€6Y i

i - -=- 666 22t g-Eqt '

: - --- 035 2T ErsEt o

iy it 4n n°21 --- - C9EE O %°89 =

: © Ln §-ot - O6EE SE  4'@6

£ Sy ] 2 ot ---  02E 9L g1 ne 2+ 0 " "9

5 n9 g g°n c9e 0064 0255 891 681

i %9 6n 2'€ 0LE Q0EL  d5gn 659 81

¢ 59 0s $n otn  0SCL  OfSn 209 €-2LT

t K4 g1 ' 91 0C06  046E 9SS 291

5 29 Ly Son --- --- 0605 22 §€L ,

% hE¢ an 2 —— --- 06T 206  L'6T1

i e £ 6% - --= 0912 06y 2°TOl

¢ 2 EAl o¢ gL - --- Q012 L6% 9 e 2o o " 09

1 st st . (%36)  ($47) (s€7) (4T} w

% (%) 'a £) °'v FANLTIIV  OVED  ISAUHL  ISAMNL (sIx)  {(2@q) 3; (odc) 25 (oaq) Py Ok LB

: ‘R K0T DXD VT (5) S2'9  HOITH *SAd  HCION  ¥OIOM dr  dHS SV “4SQ d¥1S  *143Q AT *OMI TIVE  *OLAKO0D DIl

%

5

3

2

# (panuTquod IIA TIGVL

é

P

{

¥ ¢

§ [

' v 5 ;
!




Fs * o o o mitr v e e a s pae v e s
SIS TG RIS o " v — P T TS ST Liusedand, i Sscrmin i B TR R VO

; ?
1]
13
!
w
: 3 0°6 021t 09011 oLns  Lig 481
¥ ol £°6 026 as2Tt 056 OLL oLt
! 89 9% on s 089  0022T OTaq 6.9  5°991 ) .
4 al £ g S onL  GLIET  Ong9y  OnIT  $-@lT
g €l 26 45 8°'s ()49 onont OLEE  250T  L*09T 2+ [ 2 2L
i al 14 '8 009 QoS8T  Onén  2nOT  2°lyt
0 a s 9's olz  COET  OgéE i@ £l
: 9L 9¢ 2'1 OBE  00LET  OTLE 226  @°€91
8 nl 75 1°9 oLy 05281 09E€  SLE 1X24
& 2i 2¢ 0°3 -— -—-  CE2Z %%  9°I%t i
H zL 15 2L -—- --- 0402 198  qt2eT 1
it 69 69 6°S —— ——— Q0T <16 6°101 '
5 L9 g% Sty - --- FmMr $96  S'ER 2+ f v
‘. 6L 9°9 06n  00L2T  Oggn  S90T  €°991 ;
¢ 6L 69 v2s  009€T Egn 556 EtElt o
¢ 5 48 L°9 002 0ceg1T 0s6E  Onb 36517 N
¢ L Py 08 oLz Sl 09lE  SE6 €5t 1
7 n o gL - - 06%2 €68  S'InT
: T 6% £n - -—-  0SST  G6G ne€St
2 62 g% 0°s - == 0Ot o6  1°20T
:, 35 9n on 5 -mm  me= FTI 956 ng ) 0 z 1 _
! 25 2n LS 0€2-  000(T  CRCS  8ST  7n°€6%
¢ 13 17 9°€ ozn= con2t 0oLy SEME €61
: g ™ IS 02n-  OONET  0EyE  B11T  6°6LT

al o 8¢ 0zl~  00§qT  GSk2  TInT  2°g9t

iL €1 € L€ 06L-  00C9T Ox€2 0%t 291 ne 2+ 0 " oL
t

st st (9aG) (s (sAT) (S9T) w

(g) °8 {5 "%y e/} 4 844 4 OYHE . ISOEHL ISOYHL (54) (03q) 3¢ (o3a) 2y  (vaa) v *oN YR
V)  *143¢. QvId 149 373 CONI TIVE UOI4NOS IHOI

‘IR0 TXOT CSRD CI¥T (%) SL°5 KOLId °Snd O HOMOu ety dHS

\ PONUTRUOD I TA HIAVL

e

{

IR Y

A Bt O AT e B s A VI oeeriraeiond
: 2 (342 i SOl (| 8 SR S R T e 1 A A S b R St e s Tooosk i - .
o T SRR 2L TSR, Bl At B a0 2 I U ek AR AT ARt s 0 b L W 328 80 0 Y v s i " xﬂmms,
SRl L i b H T W s
3 AR AL LIRS
p

ar

ORI e i N A
‘ ; AN 2

X . } >
TN




TR R CUN YR T N W R MR B N -
e SR RS s e A% ¥ 5k e e s en e e e oo s en e

- e e xeterL e v e e e s e e crene o
N R i e b A P IO . .

s e - O SV

55“

e e e

}
.
Iy
i3
&
:
{
§ .
5 . &5 g~ €5 Gas~  0COLT  SnAE GLEl BTLL
¥ 98 'S 6% SSL~  n0geT  SB9Z  2EEL €759l
H i8 34 67 oné-  00£1T OtEe  OnEr 965t
H 2 o% 'y .- ---  OIET €ntt 6ET
H 3L wn 99 cf -— - o144 2Let oe
85 "0t o oneg o6ys a2 I
: 3] 14821 --- --- Cgn 0 €-1qt
mm . £-0t1 .- -=- ST 0O m.mﬁ
i 2 1 €1 - -~ gl 0 2°50t
; 6 9n 0 M.mm -- - gt © 58 2 0 2 3L
; 26 21 6% e --- -— agte  §eent i
? 8 51 6L L't -—- -0 oEat geT '
¥ 18 3 €L e -— -~ 0 69T §°0€T ”
{ % L oL Se ——— == 0 A =1 !
; st 9 -9 5 - -— 0 $1eT  §°gO1 : -
~ L FA s PR ——— —— ] AR 4 <07 ¢ wn
§ 93 1" “s Lon - — ¢ 2T o G 0 F4 st )
i 98 : 91 of ST @uIE £001  @lmt =
& K 05 3e 02s 00901 060§ 9§01 @I e-
Y ce? s €o g'£1 T feget  otom 09Tt §U6at e
& Ln £l dom LTT Ofgs  BEET  2°961
3 05 iy Lz 00ZEl oogn QLT AL .
# & €. 1 SET WOgEL  00Gt  9qIT 27wl
2 <8 > 2l 00"~ Q04T ORGE  00TT 8231
m 8L £ % ——— - ongt  F9ol 681
! s én 9%y -—- = @E.. 60T 61
: e b 95 9n - —.- %5 11 CUTOR o 0 2 €.
5 , st . (%aQ,  uS§, ST, (S€T) " )
i 5 7'a 8y Sty AQNITLLY OV ISAMMI  CSNEHG fSIN) (964} 3y (%3C) e (maQ) W “oR W
¢ 0RD 'NOT  COKD (W1 (%) SL°s  HOGId 'Sf ICId  dOICH  JAL  GHS SYS 7430 d¥3d 745G CFTTI CONI TIVE CDIANOD  JHOTIS
: _
L H
&
m.w (penurjuo)y) IIA TTEVI
;
m,, . .
; scdan ™ £ )
Py 4 ,
AM.» 4 - agw

Das v 3 <t n o,




B L T L TR

B R .

Y Y o

T C

i.cagag%

aﬂﬁ AR L At T P
24

H

3

¥ Cacadad ot ol o

™

(4 \

¥

3

s

ey

I RSN,

e iiend
PR S

g

b

IR
T MU LT ST OO0 NN

VAV NI ONNNDO AN

X] - cel
I ) ons
81 . L
\W«- . -~
wﬂ . -
H:c -“« -
P A '0 -
ki LG ==
oy P«-AV -
[ m. H ———
0 . N! o -
s 1 i -
“A% cﬂ G-Mh -
L 3 o o=
L1 .5 (1 i
wl Sy §°: AL
&n 85 g 2251
i 44 2 Nt
0% Ga o/
- "% e
~ 31
(33 7y o
hRA MOTON
o e o e S A S oA S o B i g e o8

AP RS S i g

{0CCT 024E 2ed
[shtiaed cone 2L
00CE! nEYC <98
00GCT 0C9% e
00> 31 0LSS i34

nogIr Lov
ne 3 5%
LONEHR
s

(penutrjuo)y) IXA

" S b et

I
N
DA X DD
SN

4 s ey el

D

(SL4) (830 J 5
3ve *nd3n dvid

379V

——————

1+

G
Ce

Ze

[ad

{n3a) =

e K icls

-

Syttt e o g s AR LS e

-
o

oo,

a

152

R

AR NI AR By Y

P

X i

ALl b AAPIEL T

st



§ R T AR B SR i o TR TR Garresds 0 w3 vms e

- b
| |
%

_#w
W
.
L
)
Y]
3t .
g
o an 119 $°9 - -——- 2414 [¢] Lo g9t
3 2% . 1 N - -~ 0266 O 7°851
¥ " £5 [+] 6°g = - 09€S 1] 151
% 2% 2'n 096  00$2T  09nS OleT  §°961
A 6% 2'€ ~-- --- olen  oLill st
i 2 €2 02 ooonl  Om9E  2STT  moRLT
't 69 z L€ 76 000nT  nEEE  QLTT  m°RIT
; 19 6n ¢°2 Znn-  000ST  G6EZ  OBTT  9°nsi
i n 60 Lt --- -=- 29T ZAT  0°GET
1 19 6% 9'0 - == m9g 0921 -zt
mm 39 6 29 g2 - --- 056 QIEL 1°66 0+ 0 L 26
i
£y 97 15 0°01 - ---  Q2m © 60Nt
;i 0% 9% g 2t - -~ 027 O 66
A 9 o oSt e -~ 07 0 59
# £ 0% 062  GGZIT  0L9S 26w  2°€gT ™
! €5 0 Stg  00E2(  On0§  OL L°9l¢ n
3 ns €5 0£0T  OOMET  olSn  Sqn  §nSi ~
; (24 25 2 on9  00S2T  Ofoq O TSl
, 44 6n (4344 - —-- ognt  gtn Lront
s 8 2'9 —— --- &gtz gw  n'IN
14 P nl = -—- 2062 @St £°00T
8% n 62 Lot - =~ OETE E€CS  §'ng ne 0 i 16
cy 2y 0fg  00ROT 0695 SLL  §° 06l
65 g€ 0L6  0080T 06565 26,  0°98T
8 2 nq 06.  060TT 0606 €EOL  E°LLl
gs % 13 L€ Sén  0062T  0BRE 299  L'w9l ne 0 L 06
St s T (oda) (sg1) (s91) (S81T) -
(%) e ) S SANLIIIV  SVYA  ISOJHL  ISOMHL (SW)  (0dq) 3¢ (03q) @29  (gEa) Uy oM IO
*DKD MOT  *OKO “IV1 ($) SL'a HOIIS ‘S HOLOY  HOLOH e cds S¥) 1430 4Vl 7430 T CONI TIVI  COLINOD  ImOIIE
(ponutquop) ITA FTAVL
;
- roaw 5
m} [ m ~F :
el " s o g

LSRESs e

O

s

0 et

R

e

(Ao AT R

5

Js,:.ﬂ,n.k;,u.,.,?&.w%mz‘o& Y gL

5 BN S e U

OO




B
m P ST NPT AR T30 . e v s o rm mtn e em o e we v i e
r S L v . ey R R ] PR A R > pma 4.,-,\)‘3:-:,. Yo Y Y 31 T ¥ A 6 B
} . V
r
11
;
{
i
z
i
i $°99 14 e 00L  00R0T 0095 GL6 g6l .
B 99 95 gt 062- 00Tt~ 42 L6 E'LBL
$'99 €s 2" 03T~ UOOIT  00Tq 066  6°ELt
69 ns €€ 029- O00STT  O02EE g6  @°%91
) 6 528 L'E | 0Sh- 0002t NIZE  mab  T°6ST
E 9 S us 62 -—- wee Q25T 20T  TOMI
B $°99 s°en e'2 - === QLIT c&0L 2°T2T :
| 5t i 05 oz - - 2% 00TT 2°T0T i
7 "9 (14 9t OEL  000TT-  0£9§ 6GLL  €°2361
4 $°£9 €35 <o — -~ pgEs SqL  Lolgt
) $°€9 L} R 02  0002T  OlEm CSL  2°nll
;) $°n9 55 62 of 0021  O0gleE  29L 831
B "9 5 ns 9 06 0OoMT  OLE  Cni  1°95T
' €9 $°6S £°s --- ---  0f€2 OfP 8ET
; €9 én ¢ —m- ---  9lgT G2§ L0t { .t
"9 S 6n 5*9 - ---  OEQT 658  e°10T i s
m €9 S1 2n 29 - .= on2t 006 8°98 ne o ’] 96 al
13 ] o e ' &t --= - -—- 1122 9T
m <6 & 9L 6°1 -— —— % (1 <1 }
3 18 in o, 0'€ sem me- w-- g8OT 02T
w ’ £ 97 6% o€ -—- - ~==- N2t 101
- 19 o 6n 6N --- —-- we- L2TT §°18 (s} ¢ 8 $6
’ €L $°€ -==  0Q6T 6695 06T §'702
£ 2L ne --- 6L oTtgn 2okl  $°q6T f
i T 22 --=  OREC stee s62T 1LY '
¢ zL %2 - GERT 0Egz  STET  §°S9T
E 2L g1 89 €2 - 2211 $e28  CEET %5t n+ o & €6
- st s (ed@)  (sa7)  (S¥T)  (SET) "
; (g) °'¢ i) Sty ALY OVHC  JSOMHL  ISAUHE (534) (94Q) 3¢ (oFq) %y (oga) ¥ ‘oK ey
3 *OXD *MOT  “0FJ *I¥Y (%) SL'¢ HOIN °Snd ¥OLO¥  HOLOH EET I 1 SVD 143G Y14 LIEC *ITT CONI TIVI  CRIAN0D  IHOITL

i

(penurjuo)) LIA TTAVL

SR RIE R A

5

P R PA DR e A

4
C
(

GO L (I D T, L mr s
AN - LL, )3 r.n.\ FaEe s e ot

2 o 28R o s g -
el s S s

Gty g et e
ATDEET s

Sttt e et it e O Sy
— RERRSCRANGSh il AT Ay PR




ErpD A qagt A

TR e Sl e

A s e B

69
99
M
én
13

e
6S
09
09
(3]
Fie
Ll
g%
sl
nL
sl

1L
2L

() 5'a
A2 “NC1

£5
2s
ns
25
1%

L5
LS
%
114
X4
2%
6
9
24
15
24
25
0g
05

Ly

3 Ty
o) L IR A i |

(5}

44

114
ns

%)

IAK]

s e e e

. .

@ e e A e e I
NAIMAUME-NT.2 AN N O RO MY

.
k')

P‘NO@OWNN@\.’)QPHQN oweMaum

o

(saq)
JANL2LLY
HOLIA "3iMd

@A R ek

0£§  000ST  OGYY  $00T  1-ILT
on9- 002ST 0§22 OROT  §°BsT
- et 04€5 0 9°651
-—-  =e= Q0N O  %SEY

EARRRLACLEE S

- - 09En 1] g et fe 0 8 66
-— - [ £ 1 X4 ¢ it :
- o 0386 2t$ L8t ‘
—— - 06L ens S ELT .
hamand hntand 062y cts 2°591 1
- —— 6615, SIS 95T
.- == £nES €29 ot !
e - N £9$ 611
- - R66T  LeS 0°T0T
({06E 00211 0gSS ¢ 2°T02
00y~ 00NS) [2443 anet 6°2¢8T !
¢61-  ooeey SHSE 00T [A1 H
495~ OORET Q162 02T  $°n9T !
S%l- oSl né2z  0CSy 151 !
—— - 0LST  OleT gEL
- — 6% SR gro2t L [¢) ] P13
(sg1) (sa1) (847) , , i
oVHQ  LSOMHL . ISNEHL (SIN) (x4q) 3¢ (oxay @9 (o3a) 7 ‘ON BTN
Ho08  HOWOH hiciy alf 17 R Cogi: ¥ S 7 . (s Sy ) ‘ORI TIVEI  CDI4ANQD  JHOILS

(popnrauop) IIA HIEVE

B ik CAE

R ARSI BUEBOSELS R ABIR T

155

o e




