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. FOR EW 0 R D 

This proposed Helioopter, to be known as the 

VS-3l6, shall be similar to the VS-300 Experimental Heli.­

oopter whioh was produoed in 1939, gradually improved, 

andwhioh . gave extremely promising results during tests 

oonduoted this aummer. 

The proposed aircraft shall be a true helioopter 

with all lift and oentrol being based on the aotion of the 

air on its rotating surfaoes only. The maohine shall be 

oompletely independent ot speed tor its 11ft and oontrol. 

It shall be oapable ot rising vertioally from small plaoes 

surrounded by obstacles j hover motionle.ss over one spot 

for indefinite periodsj travel forward at any speed from 

zero to about one hundred miles per hour, and traveLbppk-. ~~, , .. 

wards and sideways at a reduoedspeed. With these charao­

t.eristios it shall be poss1ble to operate the airoraft 

from any place large enough to swing the rotors. 

The proposed helicopter may be used an'" will be 

able to render valuable service under conditions whioh 

would not allow the u~e of existing types of airoraft. 

- - -
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GENERAL DESCRIPTION 

The power plant shall be located near tbe center 

of gravity of the airoraft. Power sball be transmitted to 

tbe maln rotor 'and rear blades by a gear a.nd shaft trans­

mission system, 

The main rotor, oonsistlng of three blades, shall 

be located jUst forward of the oenter of gravity. 

The three auxillary rotors, one mounted vertioal­

ly and two mounted horlzontally, shall oontrol the airplane. 

Two horizontal propellers shall be located on both sides of 

the centerline of the fuselage behind the diso of rotation 

of the main lifting rotor. 

The third auxiliary propeller shall be located 

in a vertical plane near the end of the fuselage in a dir-
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eot10n transverse to the oenterline of the fuselage. 

The two rear horizontal propellers shall be oon­

trolled by the :main control stiok. The mot ion of the at iok 

fore and aft shall ohange the p1toh of both propellers in 

the same direotion produo1ng a longitudinal control of the 

airoraft. Moving the stiok laterally shall ohl\nge the 

pitches of the propellers in oPPosite direotions providing 

means for lateral control of the aircrRftand acting in a 

way s1milar to the ailerons on an airplane. 

The rear vertical propeller shall furnish forces 

to oompensate the torque of the main lifting rotor. 

Conventional rudder pedals 1n the. COCkpit shell 

oontrol 'the pitoh of the propeller which in turn shall 

oontrol the direot 10n of the airoraft. 

All oontrols shall depend only upon the aerodyn-

8.IIlioai foroes oaused by the rotation of the flux1l1ary prop­

eller. Therefore oontrol shall be canpletely independent 

from the rate Of speed of the maohine. that is, the oontrols 

shall be fully aot! vs w1 th the maohlne mov! ne; slowly 01; 

hovering over one spot. 

The whole system of auxiliary propellers shall 

be meohanioo.lly connected to the main lUting rotor and 

shall be operated from the same power source • 

In the event of engine failure, un automatic 

device shall ohange the pi t eh of the main ro tor' so. us to 

create auto-rotation. The oontrol propellers shall then 

rotate through power from the auto-rotating maln rotor and 

oontrol of the airoraft permitting normal gllding and land-

- 3 ., 
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iog similar to the ~iding an'd landing or the autogyro air­

craft shall be possible. 

A lever in the cockpit controls the pitoh of the 

main rotor. 

The setting of the two horizontal propellers and 

the throttle oontrol shall be linked to this rotor oontrol 

lever. This shall allow synohronization in such away that 

during maneuvers close to the ground, the pilot wl11 be able 

to use this lever to change the altitude of flight without 

adjusting the power'of the engine or the relative pitoh set­

ting of the rear propellers. The action of all oontrols 

shall be positive • 
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SUMMARY OF ANTICIPA'!'lID PERFORMANCE 

BASED ON CALQULA'rIONS 

Gro.s Weight .... ,." ......................... . 1700 1bs • 

H1gb. speed at sea level ••••• '. . • . • • • • . . • . . • . . 102 mph 

Operat:Lng speed at sea level ..................... 8:3 mph 

Endurance at operat:Lne; speed (two-seate".) •... 1.62 Hrs. 

Endurance at operating speed (single-seater). 5.5 Era. 

Se.rvioe oeiling (at zero forward speed) ••••.• 6,000 ft. 

Absolute oeiling (at zero forward speed) ••.• 7,000 ft. 

Serrioe call1ne; (with forward motion) ........ 14,000 ft. 

Minimum speed ' ......... til ....... ,. .. .. .. • • • • • • • • • .. .. .. • 0 VPH 

Rata of olimb at S.L. (zero forward speed) ... 600 rt!min. 

Best rat e of olimb at .;; .L, ................... 1200 1't !min. 

Free rate of descent (vertical) .............. 1650ft!min. 

Takeoff over 50' obstacle, distance 

Landing over 50' obstao1e, distanoe 

----------------_. 

. . .. .. .. . . . . . 
• • <I ........... . 

o ft • 
o ft . 
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WEIGHTS 

Gross Weight - 1700 1bs. Useful Load '525 lbs. 

I. ROTOR 

Blade struoture (3 blades) ••••••• 1051 

Hub and fittings ••••••••••••••••• 20t 

TOT AL •••• 125# 
n. FUSELAGE 

Steel tubings. frame and tail boom 17 ofl 
. " ............ . 25l Plexig1ass windows 

Fabrio and fairing 251! .. " ............. ~ 
TC7J' AL •••• 220fj 

III. TAIL GROUP 

Blade structure (3 set s 2 blodes 
each) 

IV. LANDDm GEAR 

TOTAL.... 3011 

Main Gear ............. , ......... . 70/1 

.J:..3L Front Gear ••••••••••••••••••••••• 

TOT AL •••• 85t! 

V. ENGINE MOUN'I' (weight is inoluded in tuselage) 
VI. PO\l.u;R PLAN!' 

Engine 

Engine 

Exhaust 

Cooling 

j7~lght •••.......•........• 

Controls .... "." ... " ... " ... " 

" " " " .. " " " ..... " .......... . 
System ......•..... # ••••• " 

250!! 

5!1 

5/! 

257 

Fuel SYst em ....... " ............. . 15'/ 
" J 

Starting System ••••••.••••••..•.• -1..9t 
\ 'rOT '.L , ••• 315.,' 

" ,,--.. --.....-----.-----~.-----~",-.. -" ----------~---,----
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VII. 'rRANSl.!ISSION GROUP 

VIII. 

IX. 

Main and rear shafts 
( inolud lng universals) ...... " " ....... " .. 

!.-!uin gear box oomplete .......... " ......... 115:/ 

Rear propeller box oomplete (3) •• 40§ 

Fluid 01 utah and free wheeling •.. 56:' 

Transmission 011 •• ~ ••••••••••••••. 10// 

'POT :.1. • • 281/ 

nlSTR~'TS "'OT AI. • • 10'/ ........J.. 

CONTROLS 'l'OT ) .. 1, • • 35/1 
~ 

X. FURlIISHINGS 

'!'wo (2). seats ...................... " .......... .. 
Floor " .................... , " .......................... . 

rr' cr A.L .... 304 -
XI. 1!!LEC'PRIC:,L 

Battery .................... " ....................... .. l7! 

G t · l~ enera or ............................... .o ............. " "~r 

Wires, conduits, etc. 
, ., 

" .. . .. .. .. .. .. .. . ... -..f:iL. 

'ror AL .• 401 

TOT AI. WEIGIrI' E/.!P'l'¥ ••••••• 115M 

U'JEFUL LO;.,D 

Crew (2) with paraohutes ••••••••• 400# 

FuQl (14 gals.) •.••••.....•.•...• 

011 (2 gals.; .... " .............................. .. 

Provielon, for radio 

Tor f.1. •• 

'POT AI. GROSS. WEIGHT ••••••• 1700/ 

" - I _0 

gAJ """'., 
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PHYSICAL CHARAC'r'ERISTIC$ 

DESIGN GROSS WEIGH!', W .. " . , ......... , ..... " .. . 
Normal (14 Gals.) (Provb1on for 50 gals.) 

MAIN ROTOR 

• • • It 

Airto 11 $eo't1on ................................ " " " , " 

Diameter of Rotor, D .. " .......... " " . " . " ..... " .... " " .. " .. 
01 S 0 :.I\.rea, ,A. ." .... "" ........ " ... "'''"."''"." ..... ,, •• ,,. 

Number of Blades " ....... , .... " ..... " " " .. " " " ... " " " " ~ " " " , 
Total B1a~e Area ....... , " ... " . " .. " " .. " " " ~ .. " .. " .. " .. " .. 

Solidi ty Rat 10. " " .. " " " ........... " " .. " . " . , " " " ... 
Twist ... " . " .... " ...... " .. " ..... " ... " " " , " ..... " . " " ... " .. 
Gear Ratio ............. " ....... " ......... " " ..... " ..... " ... " " , " " 

Taper Ratio ....... " •••• " ......... " .. " •• t " " • " " ... " " " •• " 

. CONTROL PROPELlERS 
. 

(Two Horizontal IUld One Vertioal) 

Airfoil Seot ion " " ... " ...... " .......... " . " " ...... " " " .. " " " " 
DialJlet er • .. • " ...... " " .. " .. " ..... It • " " • " " " " " " ... " " " " " " " 

Diso Area (per Propeller) .. .. " t.' ..... " " • " ... " • , •••• 

Number of Blades •••••••••••••••••••••••••••••• 

1700 Ibs • 

84 1bs • 

NACA 23012 

34 ft • 

908 sq. ft. 

3 

3 x 14 

42 sq. rt. 
.0463 

1:12 

2.5:1 

NAC,\ 0012 

7 ft. 8 1n. 

46 sq. ft • 

2 

SoliditYI.Rat10 ., ..•.••••..•...•.. ~., ..........• 0543 

Twist ............... , ........................ . 
Gear Ratio ....................................... 1:2.71 

- 8 -----------------
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PHYSIC1.L CHl.RACTERISTICS (oontinued) 

TYPE OF ALIGlW I«G GEAR 

Fixed 

One Nose Wheel, Two Main lVhe!lls and Tail Skid 

Tread' or Main Gear ~ ••.••..•• # ••• , II ................. . 

Me in '~heell:1 

Nose Wheel 

••••••••• , •••••••••••••• to •••••••••••• 

.......................................... 
POWER PLANT DA1'a 

13' 4" 

16" x 7" 

12" X 5" 

. NUmber' ot Engines' •••••••••••••.••••••. . '. • •. . . .. .• One 
Manufaoturer ••••••••••.•.. '" .• Airoooled tJotors Corporation 
Manufeoturer's Deslgnat ion •••••••••••••••• Franklin 6AO-296· 

. , ..... ~ ....... " ............ . Displaoement, ou. in. 

CompresEion Ratl0 ...................... t" ••••••••• 

296 

7:1 
Fuel .............................. t, .......... ~ .... BOQony 80 Ootane 
011 a., 'no . ' •••••••••••••••••••••••.•••••••••••••••••••••• ',:)l'\. !j-("', 

Gear Ratio ................................. ............. .. D.D. 
.iQ:GIN ill PERb'OHMANCE: 

Normal Power 150 BHP at 2800 RPM at Sea Level 

- 9 -._-------_._--
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MErHODS OF PERFORMANCE; CALCULATION 

I. Analysis was made for the following oonditions: 
1. Hovering 

2. Vertioal asoent 

3. Hor1zontal fl1ght and 

ol1~b with forward 

velooity 

·4. Ceilings 

5. Power off desoent 
II. Distribution cif 11ft and power required between 

the rotor and oontrol propellers. 

1. Hovering and Vertioal 

Climb 

The distribution of lift bstwesn the main rotor 
and horizontal oontrol propellers 1s done in such a way as 
to balance all forces and mom'ents aot ing on the aircraft 
at any given attitudll. 

In hovering and vertioal olimb the forces aoting 
on the hel100pter are 11ft and weight. Therefore, the 
lift cueach horizontal propeller depends on the distanoe 
of the axis to c. g. of the airoraft. 

The. foroe aoting on the vertioal oontrol propeller 
is determined in suoh a way as to give a oouple whioh bal­
anoes the torque from the main rotor. ~he torque influenoe 
of the rear oontrol propeller on the balanoe ot the airoraft 
is negleoted. 

~------------------------------------------------, . 
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The power required on each propeller is determined in 
aooordance with their respeotive 11ft distribution. 

2.' C11mb wi th 1 ongi tud inal 

motion. 

In writ'-ngthe equations of balance, beoause of the 
multitude ot propellers, the determination of the foroe 
oomponents aoting on the airoraft beoomes quite difficult 
beoause of the number of unknowns involved for a given 
number ot equa t1 ons. 'There.tore ,oertain reasonable assump­
tions and simplifioations have to be introduced. 

At the moment the most reasonable prooedure seems to be 
to isolate the main rotor and the body drag from the oontrol 
propellers. This 1s done in the following manner. 

(a) Det ermine the power required in hover ing on eaoh 
rotor. 

(b) Aasume that, 1n mot1on, the peroentage of total 
power taken by the main rotor 1s the same as in 
hovering. 

(0) ASSUlIle that the distribution of body drag aot inf', 
wi theaoh horizontal rotor is proportional to 
their respeotive thrusts in hovering. 

III. Performance 

Performance oaloulations are based on the information 
take n tran the g1 ven Ii at of referenoes as tollows. 

1. HOVering - ref. I, £, 12 (page 401 .. Corr. to 

Slipstream Rot.) 

- 11 -
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2. Vertioal asoent - ref. 3, 4, 5. 

3. Hor1zontal fl1ght and olimb with forward velocity. 

ref. 3, 4, 5, 0 •. 

4. Ce111ngs,ref. 3, 4, 5, 6. 

5. Power off, desoent, ref. 8, 11. 

It 1s believed that the performanoes given are oonserva­

tive. . 

The f1il.al results oompare favorably with performanoe of 

a hypothetioalhelicQ.pter similar to the 0-30 "Autogyro" 

(exampfegiven in refer. 3,pages 2, 1fl-22. Ref. 1, page 30-31 

and Ref. 15). 

1? --------_ .. _---
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Frank Gregory's first flight in the VS-800. 

XR-4 as she was rolled out for the first time beside VS-800. 
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We Buy the Sikorsky XR-4 83 

XR-4 (left) and VS-800 (final configuration) in formation. 

f the craft. 
The landing gear-vertical hydraulic shock struts which were 

trut·braced and extended to the left and right sides of the cralt 
t ninety.cJegree angles to the engine mount-supported the air­
ralt on two small balloon·tired wheels. A tiny wheel in the tail 
upported the cralt from that position. 
This was the XR-4. 
It took Sikorsky mechanics and test engineers about a month 

10 make ground tests and preliminary runs with the new heli­
,'opter. They tested the engine thoroughly and got the blades 
1I0perly balanced and controlled. A few structural changes and 
.veight changes were effected here and there, but generalJy the 
;nft kept its same shape and weight as it had the day they first 
~ught it out in the open. They did, however, feel that it would 
qot be wise to fly it without putting some additional cushioning 
on the nose and as a result 01 this a makeshift fourth wheel ar-

._----------------_. 

rangement was devised. A pair 01 smalJ dolly wheels were rigged 
up on a two-by-four plank which was bolted to the bottom 01 the 
cralt to protect it in case 01 a nose-over. 

Sikorsky'S chiel test pilot, Les Morris, who had flown most 01 
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 
cralt. Morris flew the ship on the morning 01 January '4, '94" 
He made a total 01 six test flights that day, the longest of which 
lasted for seven minutes and twenty seconds. Total flying time 
was twenty-five miuutes and six seconds lor all the flights-a 
short 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 
successlul. The Army could claim a new first with its initial flight 
of the XR-4· 

----_._---,---_._---_. 



1---­
! 

-. 

-------------------------- --

Frank Gregory's first flight In the VS-300. 

XR.4 as she was rolled out for the first time beside VS·SOO. 
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