THE CONSTRUCTION OF A SMALL

JET HELICOPTER
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INTRODUCTION

The building and flying of emall jet helicopters is rapidly growing in popularity ssong
aircraft enthusiasts, for reasons aeasy to understand. With its remarkable flying abilities,
such as its ability to hover in midair and to fly backward and aideward as well as forwssd,
tha helicopter can provide a sense of physical freedom and a general flying experisncs un-
attainable with any other kind of aircraft. The =amall jet—powered helicopter offers,
additionally, a simplicity of design, a low cost of constructicn materials and a handling
ease in the air unrivaled by its piston—engine counterpart. Elimination of heavy piston
engines, complicated gears and transmissions not only give the jet design a cleaner appear-
ance, but allow a comparatively heavier payload plus lower cost of construction and ucpkeep.
Probably the biggest advantage is the absence of the torgque problem: that tendancy of the
fuselage of fusaelage-mounted piston-engine helicoptars to rotate contrariwise te the rotor.
Methods used to counteract this problem caly add more complexity to the piston-engine
design. Although the advantages of the jat design had, in the past, been offset by high
foel consumption, the davelopment of the GB-2 Pressure Jet has virtuwally eliminated this
shortcoming. For thase reascns we are concentrating on the jet means of propulsion.

This monograph is dedicated to the amateur enthusiast who is looking for the qualities
deacribed above at the greatest possible economy. Upon completing construction, lat use
hear about your experience bupilding and flying this aircraft. We will pay 520 and up for
sach photo of a completed JET II we're able to use.

We wish you tha greatest success with your project!



STRUCTURAL FACTORS

The basic design and dimensions offered in this monograph are a given example and
may be.adapted to suit the bopilder’s purpose—e.g., €enclosing the cabin, fitting with
lighta, adding avionics, etc.—as long a3 the basic criteria given belew are, adhered
to=

The following fundamental factors must be considered in the construction:

1. CENTER OF GRAVITY. Thes helicopter should be constructed so as to balance from
its point of suspension. That is, . the center line of the rotor shaft should be the axis
at which the entire hellcopter's weight is concentrated. A good way to check this is to
suspend the entire helicopteér, including pilot, fuel tank(s) and aceesscories, from this
center point by a cable., Any necesgary adjustments in exact placement cof seat, fuel
tank (a) or accesscories can then be made.

2. POWER-TO-WEIGHT RATIO. The helicopter should be designed with reserve power.
Approximately 12 lhs. per horsepower, or, for jet engines, per pound of dynamic CThrust
(roughly, at typical rotor-tip welocity), would be the basis used in construction. In
order to obtain maximim results from a given engine system, rotor blades must be
constructed, balanced and mounted with the utmest accuracy. Clearly, such factors as
errength and stress of all weight-bearing structures of the craft will also determine
the totzl permissible lpad. Never exceed these limits.

3. METHOD OF COMEBTRUCTION. The frame of the helicoptar may be primarily welded or
bolted together. No matter what method of construction is used, frame joints must be
errong. Where frame is to be welded together, it i= advisable for the amateur to
contract a certified alrcraft welder.

4, MATERIALS USED IN CONSTRUCTION. Overall, the goal is to keep the frame as
strong, yet light as possible. Structurally, aircraft-quality, *"normalized® 4130
chrome-moly steel (available in tubing, rods, sheets) i3 one possible cholce. Tuhing of
this material may be used for the fuselage and tail section. However, an excellent,
though lighter marerial that could be used for the frame is 606l-T6 aircraft alominum
tubing. Specific materizls are noted in The varioos assembly drawings.

SOURCES

Tubing, cable, pulleys, hardware, etc. will be found at your local metal, hardware,
automotive, aircraft, or surplus-parts supplier. Check the yellow pages of your phone
book. Your local library should have lists and catalogs of mamufsacturers and suppliers
of bearings and almost anything else you'll need. For example, see the Thomas Register,
available at most libraries. Alsc, it should prove helpful to speak with an ultralight
aircraft parts supplier, who can likely guide you in your choice of structural
materials. Some other suppliers are listed below (write to them directly far
information) .

Aiireraft Spruce & Specialty Co., Box 424, Fullerton, CA 92632. Phone: (outside California) 1-800-824-1930,
{within California) 1-800-824-1934,
Huge selection of aircraft ond ultrolight equipment and cccassories: froma and structural matal, plywood,
Fiberglass, phenolic, foom, AN hardware, bearings, cable, instruments, seal balts, elc. Sand $5.00 for cotaleg.

Gas Supply Inc., 2238 Edgewood Avenue South, Minneapolis, MN 55426. Phone: (outside Minnesota) 1-800-
328-5677, (within Minnesota) 1-800-742-0678.
Large salsction of propane aquipment: tanks, gauges, fuel line, connectors, valves. Wrile or call for colalog.

Whitey Co., 318 Bishop Road, Highland Heights, OH 44143.
Manubacturer of valves and fitings. Wiite for cotalog.

Acco Industries, Inc., 200 Industrial Drive, Milan, TN 38358. Phone: {%01)686-0831.
Manulacturer of standord and custom cobles. Wrile or coll for informafion.

Wunderlich's, Inc., 306 W. 16th Street, Lockport, IL 60441. Phone: (815)838-0450.
Maonufachurer of rotor lachometars. Write or call for information.

John Roby, Bookseller, 3703 MNassao Drive, San Diego, CA 92115, Phone: (619)583-4264.
Offers huge selection [B00+) of books and manuals on vericallight ond rotary-wing gircraft. Send §2.00 for
list.



FLIGHT OPERATIONS

Mo flights showld be asttespted befors all structures and systems have been fully
checked for soundness of construction and safety. The first test under power must be made
with the craft tied securely down. This would involwe spinning the rotor at 0* pitch for
extended periods of time, then disassesbling (vhere possible) and stress checking the major
power and control systems. If all proves sound, subsequent testing would be performed with
the craft tethered to within 2 feet of tha ground, giving the blades just enough pitch to
barely lift off for brief moments until not only the control system has been mastered, but
additional stress checks prove all is intact. We urge that no free rlights be made by the
amateur withowt instruction by a Certified Flight Instructer (C.F.I.) with a helicopter
rating and & thorough check of all structures and systems by a certified aircraft mechanic.
Before each pericd of flight the major structures and controls should be re-checked. Hever
excesd manufacturer's recommendations for bearing or blade life (hours of usage). Always
securely fasten seat belt before every flight.

Actual flight operation is essentially identical to that of conventional helicopters,
which must be studied beforshand. With the blades at 0® pitch the engines are started and
the rotor allowed to reach optimum flight r.p.m., the throttle slowly advanced, as necea-
sary. For the G8-1- powered jet helicopter this will be roughly 375 r.p.m. (the actual
optimem should be determined by axperimentation for sach spacific rotor syatem). The joy-
stick should be in the neutral (no-tilt) position. Pitch is then gradually and smoothly
given to the blades by lifting the collective stick while, simultaneously, the throttle is
gently advanced to maintain flight r.p.m. (the tachometer should be consistently observed).
ke the craft leaves the ground, forward flight is initiated by easing the joyetick forward.
Raiging the collective stick while adjusting the throttle will cause the craft to ascend.
Yot the controls are interdependent: joystick movement primarily controla horizemtal flight,
but will aleo affect the craft's altitude. Smooth, coordinated operation is imperative to
proparly control the craft's flight. Moving the joystick backward or sideways will cause
the craft to fly in those directions, yet any such change in flight direction most be made
gradually, after pausing in hover. To howver, the joystick is essentially placed in its
neutral position while altitude is maintained, although slight motions of the joyatick (as
well as the collective stick and throttle) will be required to compensate for wind or gusts.
Yaw control —— rotating the craft around ite axis during flight — is accomplished by opera-
tion of the rudder pedals: pressing the left pedal will cause the craft toe turn to the left,
and convarsaly with the right pedal.

For a complete explanation of helicopter flight and control systems we strongly recom-
mend : Basic Helicopter Handbook, availabla from VORTECH.

jet helicopter controls

pitch/throttle contrel,
increases or decreases

right directionzl control.
text, above.

s

[llustrated here are the basic

their movement: A) the joystick,
which moves forward, backward or
sidevays, for flight in those
directions; B) the collective

pitch and r.p.m. for altitede
and speed control (mainly); and
C) the rudder pedals, for left-
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FRAME ASSEMBLY
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FRAME ASSEMBLY: SIDE

Scale: 1" = 1!

Rudder Layout

Tha rudder may be cut from /8" marine plywood
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FRAME ASSEMBLY
mz" X 065"

n n mast "U" bracket
Ei:geia;ﬂﬁg / (" (6 required)
(to tail) £

LY

windshield

A windshizld made of .125"-thick
Plexiglas or Lexan may easily be

FRAME ASSEMBLY: FUSELAGE attached to the fuselage of the

5 helicopter, as shown. Six myn®
Three-quarter view bolts attach it in place.

Scale: none

bolt seat belt to
mast, &5 shown

5%1 seat-throttle
b frale-J

o~

I/4m X .04gn
square tubing

carriage
f bolt
= seat
Seat is formed of 1/2" marine plywood, I bottom

as shown. Bottom is drilled in align- L anchor
ment with holes in seat frame; four nut
1/4" X 1-3/4" carriage bolts are per-

mangntly secured through these holes

to the seat viz anchor nuts. Then, s _ 5 seat

seat 1s upholstered. Total thickness e s
of seat bottom (including plywood) 14 “Useat

should be about 3™, total thickness of @Fln:k frane
seat back should be about 27. washer

K.



FRAME ASSEMBLY METHODS

The airframe tubing of yvour helicopter may be walded, bolted or riveted together, or a
combination. Almost all of the commonly used frame metals can be welded, including aluminum
alloys, although the inveatmenta both in expensive equipment plus many hours of practics to
acquire the skill for safe walds limit the popularity of this method. Also, the fact that
welded frames cannot be disassembled for easy portability or storage is, for many, a dis-
advantage. Nevertheless, when done properly welding offers what is likely the most securs,
durable method of joining frame materials. And yet, small aircraft such as the one described
in this manual may aimply not require that ultimate degree of strength, making the final
choice more one of convenience, perhaps, than safety. Wwhatever assembly method is chosen,
the beginner should always seek profeesional assistance to sssure that ths wvarious tubs
interconnections are thoroughly able to withstand the stress to which they will be subject.

WELDING. The two primary methods of welding airframe metala are oxyacetylens and arc.

Oxyacatylene is by far the most popular method,; due; mainly, to the relatively lowar
cost of equipment. Basic “oxy* equipment can be purchased for %500 or so, excluding the
oxygen and acetylene cylinders which are generally leased. An oxy set-up for homebuilt adr-
craft would typically include regulators for each cvlinder, 25 feet of dual gas hose, a
light-duty torch with wp-front valves, various welding tips, & friction igniter, backflash
checkvalves (2), gogglea, gloves, and a tip cleaner. Oxy eguipment is generally of a size
that permits esasy portability and is free from the need for an electric power source.
Handled with skill, it can provide high guality welds with most ferrcus metals; for metals
such as stainless steel and aluminum it is wsually leas successful.

Arc walding, particularly the gas-tungsten process (trade name: Heli-Arc), can success-
fully weld any metal the oxy process can as well as such nonferrous materials as aluminom and
stainless steal. While it iz likely the most versatile process, its usefulness is limited by
such factore as high egquipment cost (usually over 52,000) and nonportability dus to its
waight and need for a 220-wvolt power source. Some of the equipment required for gas-tungsten
arc walding: a complex power supply, a current adjustor (amptrol), a water—coocled torch with
cable, argon cylinders (usually leased), a heat exchanger, a gas-flow meter. Protective
clothing and a welding hood are necessities.

The smateur inexperienced with either process shocld not presume to assembls an airframe

a8 his or her first welding project; rather, if a welded assembly is desired, & certifisd
aircraft welder should be contracted.

BOLTED & RIVETED STRUCTURES. Thare are numerous methods of joining frame sections without
welding, some of which are illustrated on the facing page. The builder may adapt from thasa
or use variations of his/her owmn, as long as joint stresses are duly considered.

Alrframe tubing may ba round or square (including rectangular) in croas-section.
Varicus interconnecting methods are adaptable to either with some modification. Figs. A and
B illustrate the use of gusset plates, offering joints of high strength. With round tubing
(Fig. A} the bolts are generally centered, as shown, which limits the amount to which they
can be tightened since at some point the tube will begin to collapse. A simple solution
(here and in general} is the use of bushings, such as lengths of rod with a diameter that of
the tubing's inside diameter. Frequantly, with square or rectangular tubing the bolts may be
run in two rows, each adjacent to the tube wall, which acts as a buttress (Fig. B)l. Tha
gussets themselves are cut from sheet stock heavy enough for the given porpose. Fig. €
illustrates a mathod of securing several frame members togather with gussets. Rivets (shown)
or bolts may be used (hare as well as in other mathods). Hote that for greatest strength
the gussets are contoured to the tuba. When round tubs members are joined [(for example,
Figs. A, D, E} the abutting tube and should also be contoured {Fig. F). Wwhen tubing is run
at angleas (Fig. G} a rainforcing brace may need to be used in conjunction with the brackets.

Joints comprised of flattened tube ends (Fig. H) offer little gtrength and have limited
ueafulness.

The recommended practice when using gussets, bushings and washers is to use the same
kind of metal as the frame material (alwminum with almminum, steel with steel] to discourage
electrolytic corrosion. Only aircraft-guality hardware should be veed in airframe construc—
tion, such as "AN" bolts and nuts (obtainable from aircraft-supply stores). Thess combine
high tensile strength with proper ductility for reliable assemblies. Ordinary hardware-store
bolts should not be used. Cadmium- or zinc-plated or stainless steel hex head AN bolts are
commonly used for moet structural applications. AN nuts may be of the self-locking type,
such as the slastic or high-temparature stop nuts, or plain hex typs requiring msither a lock

washer or check nut. As with all aspacts of assembly, the structural function should deter-
mine ones spacific choice.

o



FRAME ASSEMBLY METHODS

Some alternative metheds of joining frame members with bolts
or rivets (see text, opposite pagel.

round b i
frim l/,..-— frame
L mambe ¢ meabar

inserts
(bushings )

opticnal bolt (used where
- torsional stress is a
F R factar)

gussets

FIG. C

threaded

FI&. D

tube end contoured to Fit
adjoining tube

O-

FIG. F

|
et
ends : 23-%;
™ flattened ﬁ

FIG. H

%



THE RUDDER MECHANISM

4130 steel is recommended for fabricating
these parts unless otherwise stated

Bottom View

{ | s
5/8" steel b
welded through
nase of keel tube
heel rest
: formed of
eupan_siuud 1 090" sheet
springs : stenl
33z 7 x19

1-1/4" pulleys (6) with guides sEalalins atsal

cabl
cotter to J‘«/")
pin rear
pulleys

cut from spring bracket ¥ ¥

090" sheet e
steel attach 3/32" cable here 090" shest stesl AL ;:1;::;
weld using MNicopress slesve
:::;:r front strut
3/4" X 058"
S o

heel rest to rear pulleys

and rudder horns

1-1/4" diameter pulleys
with guides



THE RUDDER MECHANISM

Straps, forsed of .09Q"
5130 sheet steel, are
curved in a semicircle

pin-" 8 Fidosr argund steel tubing. :
= Norn. (2 Branze oilite bushings (3
Vet Cred inserted in tubing act S
clevis g required) L o - == #
B required.) S S '
S Tcul:ter pin . = rudder
turnbuckle
Two ™mirror-image™ rudder 1-1/4" rear pulleys

horns are formed as shown with guides

from .090™ 4130 sheet steel.

—lr e —— r

332" 7 x 19
stainless steel
cable

to forward
pulleys

PROPANE TANK MOUNTING DETAIL

|
——— r
- — push-pull rod
:L 1
comsercial propane 1
tank brackets — E
welded or bolted I
to mast E
-_-_H“"\____‘____ /
Lo N
:[ - tank support
(overhead wiew)
tank supgort l:%ﬁr" s | e
| marine plywood
:f_ mounted to mast by
L bracket Propane tank copocity may vary from about 5
to 10 gallons each. |If 2 tanks are used, they
1 should be mounted to either side of the tail,

close to the maost te maintain the craft's
center of gravity.

9-



to center n»r",.""ﬁ'I

control head

COLLECTIVE PITCH MECHANISM

throttle
box

seat frame

cable-attachment bracket
welded to cable mount

to
center

of
rotor
shaft

4

The throttle box (inside of which throtties
mounted) is formed of 1/8" 6061-T6

aluminum. Holes are drilled through
the top and sides of box to lighten structure.

collective
stick

J“ cable mount
] (1" square 4130

steel tubing)

weld to
/ seat frame
HL 1
- f
i seat frame
bellerank
o mount
- ..-’.h“'\.

] collective stick
motion

o)

3/6"
cable
rod |

total travel: T|T
about 1" .

clevis




needle-valve throttles
(Whitey #SSGLRFY or
equivalent)

60-tooth gear
{Bosten #42460
or equiv. 1
required)

3/8" throttle

™ 0.D. tub

THE THROTTLE SYSTEM

20-tooth gear

(Bostan #H2420 creasing fuel -flow).

e
T
--._H
collective f«_fi;} N
stick

rod h-*“E{ >
L =4 = =

bushing r-/H_I

Collective stick is 1" 0.D. 1
058" 4130 tubing. A length of
" 1.0. tubing with a washer
welded te one end is fitted
(loosely) over the collective
stick. The 3/8™ throttle-
control rod terminates &t the
center aof this washer, to
which it is welded.

A "" section splits fuel flow
inside throtile box from Pt. A
to Pts. B & L (see "fuel System
Schematic").

an-off
fuel flow

valve

(Nopro #4Pht

ar equiv.)

=1i-

Throitle contral is o twist grip on Ihe collective
stick [arrows show motions for increosing or de-

The twist grip is coupled to

ar equiv. 2 the throttle siems vio o0 3-lo-1 geor ratio. Tolol
required} rotation of the twist grip showld odjust the wvalves
from nesarly clased (idle] in the fully counterclock-
wise position to 1/8-inch orifice (full throttle) in
the fully clockwise position. Full odjustment from
I::oﬁed Lo apen '.Frl'ﬂ require just over 1/2 of o com-

. plete rotation of the grip. At both extremes, stops
{7 whiseras Shoold Be 04T to lmit the grip's motian. &

accelerate

to

Pressure
gauge

(tank P.5.1.)

{c]uchuis:j}

7

deaccelarate A
(counterclockwise)

>

to foel
transfer

o throttle valves
(bases)

to pressure gauges
(jet 1% jet 2 p.5.1.)

fram

propang tank
(1/4" 1.0. tubing)



0-300 P.5.1.

pressure

FUEL SYSTEM SCHEMATIC

fuel transier
chamber #1’1 : E I |

gauge
jet 1
throttle “ 300 p.5.1.
pressure
gauges
fuel-flow
valve jet 2

fuel transfer
chamber #2

For the GA-2-20 Pressure Jel a cylindrical propone tonk with liguid feed is used. Two 10
gallon tonks may be used to increase flight duration as long os weighl limits ore nol
exceeded (propane weighs 4.23 Ibs./gal.). Steel or alumisum propone tanks are readily
avoilable commerciolly, the oluminum preferoble due to its relative lightness. Some lonks
haove built-in fittings for a remote fuel-level gouge, which may be ploced o few feet owoy
on on jnstrument ponel. For this, o sender [Rochester #5109500801) ond a receiver
{Rochester #IF3090-139) ore required.

The fuel lines from the propone tonk(s) to the throttle volves should have on inside diometer
{L.D.) of 1/4". The [uel lines running from the throttle valves to the fuel tronsfer wnit, ond
from the fuel tronsfer unit to the jet engines should howe an unvarying 1.0, af 1/8" or
amalier (experimentotion may be reguired to optimire fuel economy ond engine performonce).

IGNITION SYSTEM SCHEMATIC

12 wolt
momentary-
contact 12 yolt 12V relay (n.c.)
pushbution motorcycle
battery

||1|+—

RDTE: Do not use airframe
as ground. Ground sym-
bols (=) indicate nega-
tive battery terminal at
contact "A™ of the push-

ground 0, [ button switch. Bases of
ref::::m capacitor :'E spark plugs are inter-
(dnplnt use = connected through metal
girframe) spars of rotor blades.
H.E.I.* spike : 5 The carbon contacts used
rsgcundar,] 11? 'ﬂtl_t were brush-spring units
i.ganui.:;unn 1:;il from a GM H.E.I.* dis-
tributor. A bracket for
carbon carbon __J_:_ the motorcycle battery
contact J_ cun%a:t = may be mpunted under the
il #: FE :11 seat. The pushbutton
:1;5 r1ng starter may be mounted
# #2 on the instrument panel
or atop the handgrip of
spark spark the joystick.
plug plug
#1 rotor blade spars #e

*High Enerqy Lgnition

32~



JOYSTICK MECHANISM

forque tube

joystick
formed from
L I _nl‘-'.ai

tubing

weld

bronze nilite
bushing hanger

The joystick control system described
here permits full fore ond oft ond side
to side tilt of the control head. Two
bronze oilite bushings serve as pivots
for the side to side motion; four AN
bolts serve as pivots for the fore and
aft motion (see illustration). The
primary parts are formed from 4130
steel tubing and sheet stock.

weld or balt

formed from
090" sheet

rod end
bearing
(Heim HM-5
or similar)

‘Flpusﬁ—ﬂl]l rod

(I.D. to svit

chosen rod end
bearings)

rod end
bearing
(Heim HM-5
W or similar)

joystick yoke
(3/4" ¢ 058"
sguare tubing

n seat frame

3/4" X 058"

round tuhing;z1
v

|

=13~



ORI MmMON @D

Pitch "T* section
Piteh links

Pitch horms

Fual lines (out)
Ignition wires [out)
Hub plates

Teater bolt

Cheak plates

Pitch bearing blocks
Blade grips

Fotor blades

Main bearing block
Elip ring/tach gear

N - Rotor tach gemerator

B I<CHABLRO=TO

CONTROL HEAD,/ROTOR HUE PARTS

THE CONTROL HEAD

Hustrated here is a control heod
developed by Helicroft, specific-
ally for the jet helicopter. It
incorporotes full collective pitch,
tilt "cyclic® control ond a dual-
feed fuel tronsfer mechaonism.

Rotor shaft
5lip-ring contact block
Torque tube

Cross tube

Rod end bearings
Push-pull rods
Head plates

Fuel lines {in)
Ignition wire (in)
Gimbal b=aring
Fuel transfer unit
Pitch rod channel

3/16™ cable rod runs through
rotor shaft ta ™["
for collective pitch contral

section

cable (fo
tollective
stick)

o



THE CONTROL HEAD

DESCRIPTION OF OONTROL HEAD/ROTOR HUB: Rotor blade pitch is waried by the raising and
lowaring of the pitch "T" section via a cable run through the pitch-rod channel and control-
led by the collective stick; pitch links connect the *T" section to pitch horns, and Lhese
oacillate the blades on pitch bearings from 0* pitch to a maximom of 20®. ‘This is callec-
tive-pitch control, which controls the vertical flight of the aircraft. Horizontal Flight
in any direction is controlled by a cyclic tilt mechanism through motion of the Jjoystick.
Push-pull rods, attached to the joystick yoke at one end and coupled to the torgue tube at
the othar, tilt the axis of the control head on its universal (gimbal) bearing corresponding
to the pilot's movement of the joystick: fore and aft or side to side [sea “"Flight Opera-
tion=). To compensate for imbalances that normally occur during flight, the rotor blades
must ba free toc seesaw relative to the rotor shaft as they spin in the main bearing block;
this is permitted by the coupling of the hub plates to the cheek plates via teater-bolt
pivots (two |/2-inch shoulder bolts were used). This seesaw motion should be limited to 20°
maximum =-- 10* up and 10" down -- by rubberized "stope™ vulcanized to the hub plates, or
something similar.

Propana flow is conducted from the throttles to the jets through a dual-feed fual
transfer mechanism. Fuel enters the rotor shaft, passes through separate channels, pulses
through 1/8-inch holes {ona per chamber) in the shaft to the twin chambars of the rotating
transfer cylinder, out through the blades and to the jets. The chambers in the transfer are
kept separate and prevented from leakage wvia a system of carbon seals as the transfer unit
sping on bronze oilite bushings. Flexible 1/8 inch I.D. tubing is run from the fuel trans-
fer unit throogh the blades. Nylaflow tubing is an excellent choice here; however, within
approximately 2 feet of the jets this should be connected to copper tubing to withstand the
heat of the jets. Likewise, the ignition wire running through the blades must have a highly
heat-resistant -- ¢.g.,; ceramic —— insulation. Ignition current is conducted from the start
button to the gpark plugs through a twin-contact slip ring mechanism; the contacts are made
from carbon brushes and the slip rings from stainless steel or copper. The cuter edge of
the disc (made of phenmolic) in which the slip rings are set spins a gemerator; the current
produced is read on the instrument panel as rotor r.p.m.

Right: Top view of fuel transfer
cylinder and rotor shaft
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Above: Control head, front view

Right: Fuel transfer mechanism
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THE CONTROL HEAD

The integration of control head and rotor blades

All described bearings and materials are commercially available. Strength is a primary
considaration in hub materiale and construction, as the entire helicopter suspends from this
point. The pitch arms, head plates, "T" section, fuel transfer cylinder, cheek plates, hub
platese, bearing blocks (pitch and main), torgue tube and cross tube may be formed of 6061-T6
almmirum; the rotor shaft, rotor blade shafte and blade grips of 304 stainless steel.
Bearings must be of aircraft grade. Owerall, the control head must be symmetrical.

Halicopter rotor hubs are highly complex, critical structures; the amateur should aot
attempt flight with a hub designed and assembled without expert assistance. We advise that
the exparimenter purchase a finished, proven roter hub, or, if adequate shop facilities are
availabla, a set of precise blueprints. Several highly efficient designs are available,
though in some cases a degree of modification might be necessary (guch as to adapt a hub
from shaft-driven [piston-engine] to jet design, which primarily involvea incorperating a
fual transfer mechanism). A rotor hebfcontrol head for the jet helicopter, or blueprints,
may be obtained throogh WVORTECE. For advanced builders who intend to experiment with
their own hub, we must urge that no free flights be made until carefully controllad stress
and safety testes are performed.

EXPERIMENTAL JET HELICOPTER

L]

o 1-_ 3+
- 2

IO e ae g

A test jet helicopter developed by Helicraft
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INSTRUMENT PANEL

fiberglass
shell

phenolic

llustrated here is one
possibility for on
instrument ponel with
a suggested layout

of meters ond

gouges that could be used. The
shell could be formed of fiberglass, the
panel of phenolic. The tubing ond wiring that

leads to various gaouges could be run through the keel
tube and emerge into the fiberglass shell through grommeted
holes drilled through the keel. Drill well-spaced small holes (e.g.,
two 3/8" ond one 1/4" hole) rather than one large hole so as to not
weaken the keel tube.

JET ENGINES

Ranjet (athodyd) and pulsejet engines have been uveed successfully for jet-powered
halicopters and are here compared:

RAMJET FLULSEJET

ADVANTAGES: No moving parts to wear ADVANTACGES: Somewhat more efficient
out, is weasy to maintein and not at rotor speeds than ramjet. Pulse-

guits as noisy as the pulsejet. jets can ba started with the rotor

DISADVANTAGES: Rotor must ba spun by motionless and use less fuel than

axtarnal source at approximataly 150 ramjets.

r.p.m. bafore jet will start. Ram- DISADVANTAGES : Because of wvalve,

jats have an extremely high fuel pulsejats wvibrate vigorowaly in

consumption. operation and make an ear-shattering
noise; wvalve requires frequent re-

placemant .
fuel spray nozzle

4% fual spray nozzle
alr — = < .
intake .’ o :::m“-' .
Leni combustion

chasber
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JET ENGINES

GB-2 PRESSURE JET: Has all the advantages of the ramjet d pul . jet with few disadvan-
tages. This engine (developed by Eugene M. Gluhareff of Hesperia, California) haa no
moving parts, is extremely durable, starts at the pusii of a button when motionless, mav be
atopped and promptly re-started while in metion, throttles upward to maxicum thrust
smoothly, runs on inexpensive, clean-burning propane which has a non-toxic, ecologically
safe exhauvst (consisting of steam and carbon dicxide), is light in weight and relatively
quiet in operation, and has reasonably low [uel consumption. The G8-2 is, in short, a
superb choice for powering your helicopter.

For the jet helicopter deacribed in this manual, twe GB-2-20 engines -- each weighing
only B lbs. but having a 20+ lb. thrust -- are recommended.

Below is an illustration of the basic component parts of the GB-2 Jet Engine.

(Courtesy EMG Enginsering Co.)

The following drawings illustrate method of attaching the GB-2 jet on rotor tip.
Center of gravity (CG.) of burner assembly (A) must be located at 25% of blade chord.
Jot mounting plates must be bolted directly to the load-carrying steel straps, which run
on top and bottom of blade at 25% chord, transmitting jet centrifugal load directly to
blade rooct. To minimiza drag, jet must be positioned at 0* while blade is at B* (see
Fig. B). The tail pipe, also subjected to centrifugal force, must be attached to trailing
edge of blade (T.E.) with a retention ring (see Figs. R and C). Fing must fit locsely
ovar tail pipe, allowing it to alide freely (it may move up to %" as tail pipe lengthens
from heat). Retention ring is made of normalized 4130 steel and is heliarc walded to
holding bands.

AIE-SCO0P

Burner (Hv—\\‘
+ ol i

AR R Blade Chord

=1 l ‘ steel
Hetention Ring —* TE—7 straps

3 5% of chord

Fig. (A) Jet position vs blade

Retention Ring
Weld

# B Bolt
Fig. (B) Jet-Blade relation Fig. (C) Retention Ring

{Courtesy EMG Engineering Co.)
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JET ENGINES

These photos illustrate the proper mounting of the jets on the rotor blades.
Note the airscoop in the lower photo.

-19-



ROTOR BLADES

As with the rotor hub, it is inadvisable for thae amateur to attempt bc construct a sat
of rotor blades; blade constructicn is tedicus and critical, as airfoils must be shaped and
balanced with the utmost accuracy.

Generally, a rotor 22 to 24 feet in diameter with an 17 to 14-inch chord (width) could
be vsed. For the G8-2 Pressure Jets a 23-foot long, 13-inch wida rotor is an excellent
choice. Bladas formed to the MWASR 0012 airfeoil will yield good resulta -- as will othar
designs, each with its own flight characteristics. Companias providing blades should ba
able to provide performance and weight-bearing figures, as well as hints for mounting and
balancing. For proper Fitting of jets the blades' maximum camber (Lhickness) should be
1-5/8 inches.

Since rotor blades must support the weight and centrifugal pull of the jets, some form
of reinforcement may be required along their length. Many blades are formed around a
central steel spar or other such strengthening spine and require no additional reinforce-
ment. Otherwise, straps (approx. 1-1/2= X 3/16") of stainless or 4130 steal may run the
length of the blades, top and bottom; at 25% chord; straps are glued in grooves so as toe be
absolutely flush with cambar of airfoil; a 3/8" to 1/2" cable or rod of steel or copper may
run at 25% chord through hollow bladaes, securing root to tip.

Pre-cut wooden blades with a pre-shaped airfoil are available, requiring only drilling
for mounting to the hub, mounting of jets, fiberglassing and painting. In solid-wood blades
the fuel line may be fitted in a groove routed at 25% chord. Top of fuel line should lie
just below the surface of the rotor blade, then covered with filler and sanded smooth.
Blades should then ba fiberglassed and must be carefully balanced. The fusl line used in
flexible blades must be able to comply with its bending motions; a 1/8" nylaflow line would
be excellent., With blades formed arcund an cpen spar; fual line may be run through spar.
Ignition wire could be run through trailing edge of blade, glued in place and smoothly

covered over. An asbestos or fiberfrax firewall must be used to protect wooden blades from
tha heat of the jets.

;-:_ chord =4
|

D-cell

25% chord
(blade balance point)

Cross section of a typical rotor blade

As an alternative to homemade or wooden blades the builder might locate a sst of used
or surplus blades that conform tc the recommended chord/span/camber specs (for example,
blades psed for the Ball 206 Jat Ranger). Surplus bladea, in general, have sither reached
aor are close to their expiration time (often 2,500 to 3,500 hours) or have in some way been
damaged. While such blades may often ba obtained at a low cost, the builder should avoid
blades that have fully expired or those in which the structure or airfoil shape has ir any
way been undermined. Often, damaged blades can be found that have an intact section of suf-
ficient length for the jet helicopter; or, nearly expired blades can ba located that still
have 100 hours or more of useful life left. Only obtain and use such blades if their sound-
ness or useful life have been verified.

Surplus blades are often formed of aluminum and may incorporate a "D-call* leading adge
through which the fuel line and ignition wire can be run. These lines could ba held secure
by injecting a foam solution, via a long nozzle, down the length of this cavity; the foam
will expand and sclidify, adding wvery little weight. The lines, emerging from the control
head, could enter the blades through the end or throwgh a grommeted hole drilled near the
blade grips. Approximately 2 feet from the blade tip the fuel and ignition lines should ba
routed behind the spar (toward the trailing edge]l to keep them from the heat of the jets,
then out the blade tip. (The fuel line should only describe a gradeal =S* curve during this
re-routing -- no sharp %0* turns.] BSurplus aluminum blades, once cut to the correct lemgth,
should be fitted with an aluminum (E061-T6) plug to seal the cpen blade tip. The fuel and
ignition lines would emerge through a 1/d-inch hole drilled in this plug, which must be very
snugly and securely fitted and bolted or riveted in the blade end, using reinforcing
brackets if the aluminum skin is especially thin.

Bacause the wvelocity of the rotor blade decreases along its length from tip te root,
aften thes blade is manufactured with a slight twist to equalize forces of 1lift; this might
be batween 7* to 11* per blade.

520



ROTOR BLADES

= span 1
plug l lings divert toward trailing '; i ignition wire

b | edgs of blade =

e Tl —— = fuel line

“‘.1 =i ek i T E i s %.---:tl:TlTT'_

4 o = - = T E|
B WAt e st H
25% A% B: cutout for mounting of jet. Exact cutout is 1?51 E:;’ﬂ

chord determined by blades wsed. See Dwgs. 301-X and 308-D b I”: . net:'
line for jet mounting data (available from Vortech). . —_—

Typical rotor blade layout for the jet helicopter

The rotor blades fitted with a pair of G§-2-20 jets

—21=



HY30 OIWg

di#d  FULLOWHL

SHNYL 3nd

IAMLIITI0D

nooa WYL

T0HLNO2

WIILS
HILId

HONHINDD

HOLOH 0HLNDD
HOLOW 3JINDHOL ~1LNY

LNIWIONYHEY TTVHIN3D

WOILS  T0MLINGD  D1T0AD

_._ HOLOH NIYH

SIv03d OHLNO? TYNDILOIWICD

ajjw gE whiuey

'a :.‘F‘; -—E Sﬁq..-l:...:!.: 458 F“__.u -U_E.W
; i wdy p0L” ¢ ) quiid jo sy
:u:# s- ----------------- - ‘-.‘m Em-#_-_.-u

AINVYWHOEEd

.n-“ E........:.........:......... h_—ulﬂlu —-.m

FoINAYL O SRURDY
= saulug jo sagquing

SIrdE AW e

LMY H3MOd
wWgn g lma ye dag ag) ey
._w ﬂh awianrra e iasiis s HIARRIARI AR ERLE _._._.ﬂ._._!._

(¥S0 ‘3JUIDITY JSTTTH JOJ uma@Eny
Jo3edng 'Jajlescy euADy AEE3INOD)

.aun....___"_ ‘Bupgng |[eisiy
............. UGN
IENOISNIWIO TYHINAD
et E_ﬂ -ﬂ .—Iﬂrr_._._z
W b s s et i ray |
‘HOLOE YL
Er s TOpR|E O JRgLInR)
et | BUSU| ]
'HOLOH NIYW
D Leg [ BE
............ Ay
(1T ] Rt SR [T 105
ISLHDIIM

ANIDNT

d¥3 WITU4 T3INA

P4 TTW

LANHOH ¥3TTH 3HL

"PTUIOFTITED
‘AITD poompay UT JJPIOITY JeITIN JOJ wnesny ayj 3@ pasnoy ST jLuloy #y3z JOo suTewar fiTjusrrnd

‘sseurnjesn [earjorad 53T peITWIT (sa8ds aas) uorjdwnsucs reny ybry Areweryxe s3T
‘fpeajuesatsdas Jjero sTyl ybnoayjayeesq ubrsep ayjy @3rdssg
{=30H/ZE-HA &, J8[TTH

‘ps6l punoge padorasap sem "jeulcy
‘fianey pue Awry ay3 fAq pesn 1ejdoorTey peltemod-Jalwes 3ISITT YL

= .



THE SUWA MICRO HELICOPTER

lllustrated below is o design based upon an coriginal HELICRAFT jet-powered
helicopter concept, provided courtesy of Suwo Engineering & Consulting Service,
Japan.

Simeratans gless LA sllissisrs
(3340w = 17}

k = |
v 1

1 | E

Courtawy Sews Dngirewsieg & Comwsliisg Survicw, Jusani \M"m
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THE KOLIBRIE JET HELICOPTER

This 2-person ramjet-powered helicopter was developed in the

1950s and went out of production around [960. The cylindrical
tanks carried such fuels as gasoline and fuel oil. Note the
single-bladed, counterbalanced tail rotor--used strictly for yaw
contrel (torgue compensation was unnecessary). Also note how
cleanly jet and blade are integrated. Drawings provided courtesy

of Fokker—-VFW, The Netherlands.

Dimansions glven in millimeters
(25.40m = 17)

i, 7 o



THE KOLIBRIE JET HELICOPTER

Exploded View
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AFTERWORD / CAUTION

in order to fly most aircrafl, whether of commercial or amateur construction. a license is
required. Extra instruction and flying time must be undertaken to pilot a helicopter. The exceplion to
this is covered under the FAA definition of altralight aircraff (Federal Aviation Regulation Part 103):
powered aircraft designed for a single occupant, inlended solely for sport or recreation, weighing
under 254 Ibs., having a maximum speed of 55 knots (about 63 m.p.h.) in level flight and a maximum
fuel capacity of § U.S. gallons (approximately 20 Ibs. of propane) require no form of FAA approval or
certification, no pilot’s license to operate. For further information regarding this ruling, plus general
helicopter rules, regulations and pilot requirements, contact your local FAA office, airport or flving
school,

Construction of a safe aircraft requires an understanding of metallurgy, bearing load/life ratings,
methods of joining, assembling and welding various structural materials, stress factors. and so on
Before beginning construction the amateur builder should familiarize himselfherself with the material
and structural alternatives open to him/her, then choose—with expert puidance—those s'he finds most
suitable, Then (even if the aircraft is kept within the ultralight category—for the sake of safety), s'he
should inform the FAA of his/her intended project; they, in tum, will assess the construction plans,
make any suggestions deemed necessary, check the near-completed aircrafl for conformity to the
(validated) plans, and finally, if fundamental criteria are met, certify the aircraft for flight. To find the
address of vour FAA district office, wrile to: Federal Aviation Administration, 800 Independence
Avenue S.W., Washington, DC 20391,

Although the helicopter described in this monegraph is based upon sound
aeronautical, principles, success of a constructed version can not be guaranteed since
structural options have been left open to the builder. For this reason, Vortech, Inc. can
and will assume NO responsibility for any injury or fatality that results from the
building or flying of any aircraft either wholly or in part based upon this monograph.
Any person building or flying such an aircraft must do so at his/her own risk. Neo flights
should be made until the mechanical operation of the craft is thoroughly understood and
tested; then, many hours should spent becoming familiar with every aspect and subtlety
of the control system with the craft tethered to the ground before any free flights are
attempted. When flving, a parachute should always be worn. Al possible precautions for
safety showld always be taken.

CAUTION

This manual contains a set of integrated, nontechnical comcepts for an

EXPERIMENTAL jet helicopier. The amateur should NOT attempt to
construct and fly this aircrafi, or one based in any way upon this information,
withowt expert assistance.




THE CONSTRUCTION OF A SMALL

JET HELICOPTER

® PLANS SUPPLEMENT *

The following illustrations and information describe the construction of an alternate
airframe for the small one-person jet helicopter provided in our main manual of the
same name. The advantage of this alternate airframe is greater simplicity of
construction and lighter weight, this latter advantage yielding better overall
performance and improved fuel economy. Note that this airframe is, in general, similar
to the frame provided with our jet-helicopter kit, the Kestrel.

All details presented in the main manual also apply to this alternate airframe,
including details of the control system, fuel system, en gine throttles, rudder operation,
balance, and so on. Performance specifications generally apply as well, although
rate-of-climb and range will improve, and payload weight will increase. Builder may
indeed incorporate variations of their own in the construction of this airframe, but the
general proportions should be maintained.

The Kestrel
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Airframe Details

g7
B2
)]
]
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LOWER AIRFRAME
Front Yiew minus Skids

3

#’6",,1 Eotor Head Mount
(125" sheet aluminum)
" 3/8" AN bolt
tall boom
EOTOE HEAD MOUNT |
Close-Up

inzert alum. rod or bushing to LOWEE. AIEFEAME

prevent collapse of tail boom Ferspective Yiew
Eube wnen 3/8” balt is tightencd s

i 25
o

dirframe members (for greatest Boteor Head Mount
strength, drill holes in rotor head & = &
mount to receive members, then (13.25" X 10" X 125" sheet

weld inside and outside)

aluminum, bent as shown)
— & X.0e5"
1.5" X .065"

AIRFRAME LAYOUT
Frame may be welded or
bolted together (s2e “Frame
Assembly Methods,” pages
€-7, main manual)
Rudder formed
125ﬂ X '%&ﬂ Uf 1.’14" shest
aluminum or

plywood

1.25" X .065"

1.5" X 0657

MATERIAL:
6061-T6 Aluminum
used throughout

15" X .05
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