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" VS-316, shall be similar to the V3-300 Experimental Heli-

__and which - gave extremely promising results during tasts

It shall be capable of rising vertiocally from small plaées

‘wards and sideways at a reduced speed. With thesge chérac-
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FOREWORD

This proposed Helicopter, to be known as the
oopter which was produced in 1939, gradually improved,

conduct ed thi & summer,

- The pr0posed aircraft ahall be a true helloOpter
with all 11t and ccntrol being based on the action of the
air on its rotating surfaoes only ‘The msohine shall be

complate;y independent of speed for 1ts 1ift and control.

surrounded by obstacles; hover motionless over one spot
for indefinite periods; travel forward at any speed from

zéro to about one hundred miles per hour, and travel :hagk-

teristios it shall be possible to operate the airoraft

from any place large enough to swing the.rotors.' .
| The proposed helioopter may be used and will be

able to render valuable aervice under oonditions which

would not allow the uge of existing types of aireraft.
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GENERAL DESCRIPTION

This eircraft shall be a two-place side-by-side
heliocopter.

Welded ateel tubular construotion shall be used
throughout.

Fabric shall be used except for metal oovering
at the engina seotion and at the oookpit.

The_bladea.shall be oonstructed of built-up mat.
erial that will afford the utmost erfiéienoy andlsafety for
the Job intended, ' |

Maximum vision forward up and down and sideways
'shall be obtained, Every effort will be made to pbtein maxi-
mum rearward vision consistent with the design of the air-

;. oraft,

' The power plant shall be loocated neér the center
‘or gravity or‘the'aircrart.‘ Power shall be transmitted to
the main rotor ‘and rear‘bladea by a gear apd ahaft trans-
misnion system.

The main rotor, oonsisting of three bladea, shall
ba located just forward of the center of gravity.

|  The three auxiliary rotors, orne mounted vertioal- -
ly and two mdunted horizontally, shall sontrol the airplane.
Two horizontal propellers shail be loocated on both sides of
‘the centerline of the fuselage behind the dise of rotation
of the main lifting rotor. |
' The third auxiliary propeller shall be located

in a vertioal plane near the end of the fuselage in a dir-

w 2o
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ootlon trnnsverse to the centerline of the fuselage,

| The two. rear horizontal propellers shall be con-
trolled by the main oontrol stiok. The motion of the stiok
fore and art shall ohange the pitoh of both propellers in
: the same direotion producing a lonpitudinal control of the
airoraft. Moving the stick laterally shall change the
pitches of the propellers in opposite directions providing
means for leteral ocontrol of the aircraft and scting in &
way'simllar to the ailerons on an airplane,

. The roar’vartical propeller shall furnish forces

to ocompensate tha-torUue of the main lifting rotor.

Conventional rudder pednls in the coekpit shs ll
oontrol the pitoh of the propeller which in turn shall
oontrol the direction of the airorart

All oontrols shell depend only upon the aerodyn-
amical foroes caused by the rotation of the auxiliary prop-
eller. Therefore control shall be canpletely independent
from the rate of speed of the machine, that is, the controls
ahall be fully aotive with the maohine moving slowly or
hovering over one spot.

The whole system of auxiliary propellers shall
be mechanically connected to the main 1ifting rotor and
shall be operated from the same power source. .

| In the event of engine faflure, an automatic
devioe shall change the pitch of the main rotor: so. as to
‘oreate auto-rotation. The ocontrol propellers shall then
rotate'through power from the auto-rotating main rotor and

‘oontrol of the airoralt permitting normal gliding and land-




runE Awe,

¢

. main rotor.
‘the throttle control shall be linked to this rotor control

- during maneuvers ¢lose to the ground, the pilot will be able

‘to use this lever to ohange the altitude of flight without

_ shall be positive,
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ing similar to the gliding and landing of the autogyro air-
oraft shall be poaaible.
A lever in the cookpit oantrols the pitoh of the
The setting of the two horizontal propellers and
lever, Thia shall allow synchroniﬂation in such a way that

adjuating the power of the éngine or the relative pitch set-

ting of the rear pfbpellera. The action of all controls
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SUNMARY OF ANTICIPATED PERFORMANCE

BASED ON CALCULATIONS

GPOBE WOLENL o soreanssroninnessoseronseseesss 1700 1bs.
High speed at sea level ,.iebev.sesesessss.. 102 mph
Operating speed at 8ea 16Vel .....evevsssas... - 85 mph

Endurance at operating speed (two-sester) .... 1,62 Hrs,

~ Endureance at opératihg speed (single-ssater) . 5.5 Hrs,

Servioe oeiling (at zero forward speed) Ceraes 6,000 rt,

~ Absolute oeiling (at zero forward speed) .... 7,000 rt,

Servioce ceiling (with forward motion) ........ 14,000 ft,
Kinlmum 8peed ....sspevnsecrarssrsscesciiasss O MPH 1
Rate of olimb at S,L. (zerb forward speed) ... 600 ft/min.
Best.rata of olimb at 3.L. R T RR R 1200 £t /min,
Free rate of descent (vertical) ....veesvecens ;650'ft/m1n.
Takeoff over 50" obstacle, Aistance ..,....... d ft. >

Landing over 50' obstaole, distance .........; 9 ft,
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- Gross Weight - 1700 lbs,

I.

II.

ITI,

IV,

VI,

'ROTOR
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WEIGHT S

Uaaful Load '525 1bs,

Blade etruciure (3 blades) ,....., 1054
Hub and fittings srrsersreeriaain.. 207
o  Torar ... 1254

FUSELAGE |
Steel tubings, frame and tail boom 1707
| Plexiglass windows D - ¥
'Fabrié and fairing __ggf_
TOPAL .... 220z

T4 I-L GROUP

Blade structure (3 sets 2 blades

each) TOTAL .... _30¢
LANDING GEAR '

MainGear O.Q...'l...oiiliﬂllllllill 70,#

Front GEar o.-..ooo-..onnnnuunaoa.- 15":

TOTAL ..., 85;
ENGINE MOUNT (weight 1s Ineluded in fuselage)

FOWLR PLANT

Engine Helght LN B T T T Y .. ----- 250,’?

- Engine Controls .............,.... &

Emaust . LA B N ) L L I R I R ) LI I I I ) 5!’
Cooling System ...... e . 25%
Fuel System ................ ceves. 157

1 . .
StartingSYStem l.u'l.l!lon‘o’lo--. léi‘
N ‘T‘O’P ’AL p-o . 31 S,f




L

VII,

VITI.

IX.

K.

LI,

TRANSHISSION GROUP

Main and rear shafts
(inoluding universals) ......

Main gear box complete .........
Rear propeller box complete (3}

Fluid olutch and free wheeling .

L]

LA

Trensmiseion o1l ..,...cv00ue.nn. .
ToraL-..
INST RUNENTS - TOTAL ..
CONTROLS | . TOTAL .,
FURNISHINGS |
WO (a)ﬁaeata ...........;;.......
FLOOT 4a e vnrsrensnonanennsnnnnns
moTAL .,
SLECTRICAL |
= v o
Genérétor B
Wires, conduits, etc. ............
TOTAL ..
| TOTAL WEIGHT EMPTY ,...... 1151
USEFUL L04D
Crew (2) with parechutes .........
" Puel (14 8818.) surrreniininen....
041 (2 BALlS.) viieeervvavnnnannnes
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405/
1157

405

1%

Prﬁviﬁion for radio srrars e 50f

TOTAL .. 5494

TOTAL GROSS WEIGHT ....... 1700!




Gaﬂr RatiO o.lng'o(-oolon-‘svuan.ouoocc

Taper Ratio ....-'...."..’......I'..‘.‘l‘

Nmberof Blades .l..l'!'l..'!I.‘.‘l_.!..l.l

- Gear Ratio tresesarnaas
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PHYSICAL CHARACTERISTICS

DESION GROSS WEIGHT . W
FURL

l..l..l.‘.'ll..lllll..'

Normal (14 Gals. ) (Proviaion for 50 gals )
MAIN HOTOH

LI N

AirfOil beotion .’0..0....'0......!CI‘I!Q.‘.!!.II

Diameter of Rotor 3

LA B S B B I O

Rumber of Blades .............

L A R N T RO,

Total Blﬂde Aren L RN S

lb..l.otcp.ltcn.-l-l

1!.!..!‘...!.0.00‘.&.tco.oco

S0l1dity Ratio,

TWiSt L R RN T e

LA AR N I I
L N A A A N ]

LI B A N ]

-CONTROL PROPELLERS

(T'wo Horizontal and One Vertical)
Airij.l SQOtion oloto..oonocilu;loaq-ooc

LI

Dimetar ..1.ll.l...l.ll...q'-..ll

Diac &re& (perPropeller) "“.‘COIOCICIQODODICUD

L I I I

SOlidit}"—H&tiO LA I LI N O IO R R -.o-.niuo

T'ist ..I.'..l.!.._’..!..l.‘.'..‘llll.c.l

d

1700 1bs.
84 1lbvs,

NACA 23)012
34 Tt.

908 sq. ft,
3

3x 14 -
42 é@. ft,
.0463

=0

1:12

2.5:1

NACA 0O0%2

?7 ft. 8 in,
46 8q. ft.

2.
+0543
.......,.3.50

L L R I I I R e Y 1:2071
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PHYSICAL GHARACTERISTICS (gontinued )

TYPE QF ALIGHQING GLAR

Fixed
One Noae Wheel Two Main wheels and Tail Skid

Tread of Hain Gear ........................,..... 131 4»
Hain ¥heels P 16" x 7"
Nose Whéei‘.(....;..... |

POWER PLANT DATA

-o.l..-.!...lo_.it.oounco-tnu lz"xs"

Nmberof Engines:....'-.‘-_......-........‘-........ One

Manufactﬁfer *eetrecvseniean.s Adlroooled Lotors Corporation

. Menufacturer's Designation sevscseesisess.s Franklin 64C-296

' .Diaplaoement ou, in, Srar ettt sttt aana.s 206

compression Ratio'I.l‘.l‘l.ll‘...l."..ll’.."...IO. 7:1

Fuel l‘iall_oo-.topl.!lalqoo.-oOl‘.--“---uqoo‘f;oc.ony 80 Oota.rle

’ . i
011 "!..l'..l._Il.l..l_'"'..l_.‘."C.l.'..!.!'..l'tl‘ SAF ."["2

Ge&r R&tio UCQQQ...l..‘......l...lllll‘lilli‘.‘!l-'i.ll' .D.Dl

ENGING PERFORMANGCE:

Normal Fower 150 BHP at 2800 RPM at - Sea Leval
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METHODS OF PERFORMANGE CALGULATION

I. 'Analyaia was made for the follbwing conditions:
- 1. Hovering ‘
2. Vertioal asogent
3, Horizontal flight and
| olimb with forward
velooity .
4. Ceilings
5, Power off desocent
II. Distribution of 11ft and power required between
the rotor and omtrol propeliers;
| 1. Hovering and Vertigal
Climb |

The distribution of 11ft bstween the main rotor

and hérizontal ocontrol pfOpellers’is done in such a way as
to balance all foroes and moment s eot ing on the airorafrt
Cat any éiven attitude,

In hovering and vertiosl olinmb thé forces aoting
on the heliocopter are 11ft end welght, Therefore, the
11ft on each horizoﬁtal propeller depends on the distanoe
of the axis to o, 8. of the alroraft, _ |

The fdrée acting on the vertigal oonirel propeller
is determined in such a way as to give a oouple whioch bal-
andea the torque from the main rotor, The torque influence

of the rear 00ntrol propeller on the balanoe of the aireraft
-il negleoted




multitude of propellers the determination of the force

taken fram the given 1ist of references as follows.
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The powe:‘reduired qh each propeller 1s determined in
acoordance with their respestive 1ift distribution.
- ‘2. Climb with longitud inal
| motion, ' '

In‘ﬁritlng the equations of balance, because of the

componenta aoting on the airoraft beaomes quite difficult
because of the number of unknowns involved for a given
number of equations. rpherefore, oertaln reasonable assump-
tions and eimplirications have to be introduced,

At the moment the most reaaonqble prooedure seems to be
to isoclate the main rotor and the body drag from the control
propellers. This is done in the.following manner,

{a) Determine the power required in hovering on each
rotor. )
(b) Assume:that, in motion, the pefoentage of total |
_ power taken hy the main rotor 1s the same as in
hover ing,
(¢) Assume that the distribution of body drag aot ing
-with each horizontal rotor 1s propoxtional to
- their reapeotive thrusts 1n hovering

IiI, Performance

Performance caloulet ions are based on tha information

1. Hovering - ref. 1, &, 12 (page 401, Corr. to

Slipstream Rot.)

- 11 -



2.

3.'

It

tive, - .
',.Thé final fesults compare févorabiy'with'performanoe of

] hypéthetioal‘hpliéopter similar to the C-30 "Aut ogyro"

- (_exampl‘e- give.n. i..n.re’fer..s,pages 2, 155-22, Ref. 1, page 30.31

‘and Ref, 15). |
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Vertical pscent - ref, 3, 4, 5.

Hortzontal flight and olimb with forward velocity,
ref, 3, 4, 5, 6. :

Cellings,ref, 3, 4, 5, 6.

Power off, descent, ref. 8, 11,

is believed thet the performanoes given are conserva-

10




-~

REPORT No..42680 |

REFERENCES'

1.

3.

3

4,
3.

6.
7.

9.

10.

11.

iz,

13,

14,

13.

Statlo Thrust Analysia of the Lirting nirsorew, by M.

-Knight and R, A Hefner NACA T.N.7626(1937).

The Bafner Gyroplana by R. Hafneér, Journal of the Royal

_ Aeron. Sooiety, Feb. 1938,

The Flight of a HQIIOopter by H. B, Squire, R, & M, #1730
(1936 ).

Handbook of Aeronautios (British) Vol. I, 1938 Edition,

‘Vertioal Ascent of a Helicopter by Glauert, R, & M, #1132

(1927), .
Horizontsl.Flight of a Helicopter by Gleuert, Re & M.F1157.
Flight on Rotafing uing by V. L.le Page {(reprint from

Journal or the Franklin Institute, Vol, 222 No. 3{ Sept,

~ and No, 4 Oot 1836).

Vertical Despent of the Autogyro by J, 5. J. Bennett, NaCa
T. M. 7673, (1832),

Performance of Hotating Wing Alroraft, by I, ‘Hohenenser,

NaCa T .M. 4871 (1938). 1

Aerod, Theory, W. F, Durend, Vol. IV, puges

A General Theory of the Autogiro, by Glauert, R, & M, f1111
(1926), | a

The Helicbpter:' Propulsion and Torque by H. K. Platt,
Journal aeron, Sc., Sept. 1936, | | |
Analytioal Comparison of Helioopter and Airplane in Level
Flight, by M, Knight Journal seron, oc., Sept. 1938,
Vought-Sikorsky Heport'f4948 {April 20, 1540) aierod. Rep.,
Rotgting fing Airgraft,

Avro C-30 Direct-Control Autogiro by €, N, Colson, KaC.

(Alror, Ciroular #198 (1934}..

19




$-300.
Frank GfegOfy § ﬁrst ﬂtght in the V

'

‘ 12-29-4l ,
quc.opnas . H -4l

mde V$-300.
he was rolled out for the ﬁrst time be
XR-4ass

of the

The
strut-b
at ning
Craft o
SLIPPQI

Thi.

It &
to g’
Capter
IJIt)p(_-l
Weizht
Craft k
hlrm;;!
hot hy
i1 th




R A

{ the craft. :

'The landing gear—vertical hydraulic shock struts which were
trut-braced and extended to the left and right sides of the craft
t ninety-degree angles to the engine mount—supported the air-
raft on two small balloon-tired wheels. A tiny wheel in the tail
upported the craft from that position.

This was the XR-4. :

It took Sikorsky mechanics and test engineers about 2 month
to make ground tests and preliminary runs with the new heli-
wopter. They tested the engine thoroughly and got the blades
noperly balanced and controlled. A few structural changes and
weight changes were effected here and there, but generally the
aft kept its same shape and weight as it had the day they first
brought it out in the open. They did, however, feel that it would
got be wise to fly it without putting some additional cushioning
on the nose and as a result of this a makeshift fourth wheel ar-

We Buy the Sikorsky X R—4

XR-4 (left) and VS-300 (final configuration) in formation.

e .
k- JAATY
e

rangement was devised. A pair of small dolly wheels were rigged
up on a two-by-four plank which was bolted to the bottom of the
craft to protect it in case of a nose-over.

Sikorsky’s chief test pilot, Les Morris, who had flown most of
the tests with the VS-300 during the elimination of the hori-
zontal rotors and who had been with the company since the
XR-4 was started, was nominated to fly the Army’s vertical-flight
craft. Morris flew the ship on the morning of fanuary 14, 1942.
He made a total of six test flights that day, the longest of which
lasted for seven minutes and twenty seconds. Total flying time
was twenty-five minutes and six seconds for all the flights—a
shost period, but a milestone in the development of the heli-
copter in this country. While there were many changes to be
made, the flights indicated definitely that the craft would be
successful. The Army could claim a new first with its initial flight
of the XR-4. '

83
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