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The Conceptual and Preliminary Design Process
Creates Advanced Technology Aircraft for the Future

has 1ssue 15 a sequel to the Januwary 2009 configurations that never made it to the development

newsletter covermg the “Sikorsky Quest for  and production phases. The paintings shown n ths

Speed”, and 15 devoted to the creative talents  135ue illusirate the engmeenng and arbistic talents of

of all the individuals at Sikorsky Amcraft Andy Whyte. Histoncal details have been taken from
who created the many concepts and prelimmary de- Art Linden’s paper, “Fifty Years of Sikorsky High
signs for corrent and fufure aireraft, mcludmg amreraft  Speed Concepts™
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Vertical Lift Flight
Explorations
at Sikorsky
The preliminary designs for Izor
Sikorsky’s first helicopters, the
H-1 and H-2 were conceived and
designed in 1909 through 1910.
His first practical helicopter, the
V5-300 was created m 1939 He
summanzed his early helicopter
expenience with the following
quote:

“1 started my achwvifies mn aviation
by bunlding a helicopter m 1909
with a small Anzam 25 horsepower
engine with two crude propellers
rotaiing i oppesite direchions on
concentric shafts This first ma-
chine achieved hitle results except
mamly to teach me how things
should not be done. My first two

Stowed Rotors and
Componnd Helicopters
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machimes were bmlt between 1909
and 1910 and were helicopters.
The first of these ships refused to
leave the ground while the second
could Lift itself, but refused to Lift
T

27 different fixed wing aircraft

in Russia and over 15 differ-

ent land and sea amrcraft in the
Umited States, at the age of 50
Igor Sikorsky returned fo s first
love, the helicopter. He succeeded
m achieving first flight with the

ated aircraft configurations that
combmed the benefits of vertical
Lift with logh speed capabilibes
beyond that achievable with the
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Convertiplanes and

Stowed Rotors

The 5-57 was designed i the early 1950s with
the goal of combining the verical hift capabili-
ties of the helicopter with the higher speeds

of the fixed wing aircraft The confisurations

evaluated included the single blade counterbal-
anced pressure jet, and the delta wing versions.
During the early 1960s the two bladed stowable
version was designed and wind timnel tested.

Design studies were performed on four bladed
stowed rotor confisurations i the early 1960s
with the goal of winming the Air Force Combat
Aircrew Recovery Aircraft (CARA) program.

The program was subsequently termmated due =
to a change in customer priorities. Two Blade Stowed Rotor 4 Blade Stowed Rotor

Dunng the mud 1960s vanable diameter rotor
systems were bemng evaluated to change the ro-
tor diameter for maximim aerodynamic efficiency
conditions. The Telescoping Fotor Concept (TRAC) T8
vanes the rotor diameter via a jackscrew mechanism |
shown in Figure (1).

The rotor diameter was reduced for forward flight,
anism and concept feasibility. The complexity and

weight of the required mechamsm had to be traded

off against the advantages obtained The system was

never Implemented on an actual awrcraft.
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Compound Helicopters

Dunng the mad 1960s, the U.S. Army developed a need
for a higher speed aircraft to replace the Bell AH-1 se-
nies. The aircraft was designated the Advanced Aenal
Fire Support System (AAFS5). The design speed was
260 knots (299 mph). Based on an extensive development
program of the NH-3/5-61F compound helicopter for the
U.S. Navy, Sikorsky proposed the 5-66 compound heli-
copter Lockheed won the contract with their Rigid Rotor
aircraft. Lockheed's aircraft was built and flight tested
The confract was subsequently termmated due to techm-
cal 1ssues.
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Tilt Rotors and Tilt Wings

In the 1960s and 1970s Sikorsky Aircraft evaluated other
high speed concepts meludmg Tilt Wings, Tilt Fotors,
and the Tri-Verti-Plane.

o 1he Tn-Veri-Plane (TVP) combines the features
= of the tilt rotor and the stowed rotor configura-

Re. tion. The rotors are transibhoned from helicopter
maode to low speed airplane mode, and to the
stowed rotor high speed mode.

TVP Stowed Rotor High Speed Mode
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Ducted Fans and X Wing Aircraft

During the period between 1960 through 1970, Sikor-
sky Preliminary and Conceptual Design Engineers
were prolific m creating vertical Lift amrcraft ¢ confign-
rations that utilized vertical ducted fans and X ‘nl‘ing
concepts. The ducted fans produced the verhical thrust
for take off. and the jet engines provided the propul-
sion force for honzontal fhght

The X-Wing confisuration rehed on the Coanda E£-
fect to generate the aerodynamic pressure differennal
over an arrfoil. Circulation confrol amfoils allowed the
rotorwing to mamtam hit and control vibrations whale
starfing and stopping rotation. A joint NASADARPA
and Sikorsky program was undertaken between the
mud 1970s to mud 19805 to design, fabnicate and test
an aircraft meorporating the X-Wing principals. The
Fotor Systems Fesearch Awreraft (RSEA) Program,
which was in process at the time with the U 5 Ay
and NASA was utilized to test and develop some of
the X-Wing technology.

The results of the X-Wing Design, Test and Develop-
ment Prozram demonstrated that the basic scienbfic
ponciples associated with the technology were vahd
However, due to the complexities of the structural, me-
chameal and pneumatic control desizn problems et to
be resolved the program was termmated The details
of thus program are documented m Art Linden’s report,
* Fifty Years of Sikorsky High Speed Concepts™

X-Wing Concept 1
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Advancing Blade Concept

(ABC) Aircraft

Approximately 100 years after Sikorsky's first coaxial
rofor helicopter 15 concerved, the high speed helicop-
ter of the future X2 15 bomn. In the nud 19605 Sikorsky
created an alternate to the compound helicopter, the
ABC arcraft. This configuration elnmmates the re-
treatng blade stall problem. so that there are advanc-
mg blades on both sides of the aircraft. At thes fime
Igor Sikorsky was retired from management responst-
bilities providing consultmg services to the company.
He was very interested m the program and remunded
the engmeers that lns first helicopter expenments m
Bussia m 1908 were wath a coaxal helicopter. Nu-
metous prelinunary designs usmg the ABC technol-
ogy were created.

=~y ABC Commmercial ABC Shycrame
The Super Skycrane The S 648 dymanic
: : rotor dnive systems formed
Skycrane the basis of the H-53F series
The first turbine engine S-64 The curent CH-33K desizn

Skycrane flew on May 9, 1962, Ian'_.ugiE £8.000 pounds gross
The Ammy CH-54A Skyeranes weight. Based on a parametnic

were rated at 42,000 pounds E:“tﬁs study. all:[t is conceivable
gross weight with a 10 ton t thus aurcraft can grow to
payload The CH-34B improved  109.000 pounds gross weight
Skycrane was rated at 47,000 within ten years m service. A
poumds gross weight and 125 fufure Super Skycrane evolv-
ton payload. ng from the K program with a
The CE/MH-53E helicopters potential of 100,000 pounds or
evalved Boats Navy 5-64B pE e weight and a 25 ton
design program for a 3 engine payload is very feasible.
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“The hst of mmpossbilibes, for mviation could go on and on, and onby a5 time and the

mexpectedly bnlhant development of fyng progressed, was it fimally recognized that

the most dangerous forecast in aviation 15 to predict the impossibility of somethine ™
Igor I Sikorsky
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