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The NorEesier uses fwi comcendnic
output shafts to drive counter-
rotating propeliers, negating the nead
for a teil rolor (All images courteey of
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Rory Jackson examines the development of this

radial engine for helicopter-type UAVs that uses a
cam-based mechanism for ifs drive transmission
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The engine Is currently in its fih profotype,
which initially entered dynamometer tegting
about 8 year ago, starting with 8 wersion
featuring fowr cylindera

of the considerable work that goes into
halicopter drivatrain maintenancs, and
the cause of a great number of crashaes.
These faws drowe much of the motvation
behind the MorEasters dewolopment.

Relatad to ihe tail rotor are several
othar isswes inal the conmvantonal
helicopter poweartrain is subject o,
which O'Naill wanted o address. “On
almost all helicoplters, you start with an
engine, typecally a turbene angine for
larger helicoplars, the output for which
nas fo go throwgh a highly complex
transmission system with & redwchion in
two directons - one for the lifting rotor,
one for he tail rotor,” he says.

Hebcopters fypecally require rotor kfling
speeds of bebwoan 500 and 1500 rpm,
compared with he typical turtine speeds
af 10,000-20,000 rpm.

Morion says, “Those ransmussson
reductions are one of the most
problematic lechnologies in aviation,
purely in terms of mainkenance
requirements. Theay require persistent
care, iney often fail, and when they do
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i's ofien calasirophic, because you then
have a helicopter in the air with no §ift
Without a pilot wall-varsed in aulorotabon,
that helicopter is going to hit the ground
axiremely hara”

Tha MorEaster effectvely aliminatas
that transmiession, because the cam-drive
system gmes an aulomatic, intemahsad
reduction ratio, equal to the number of
lobas on each cam.

And since il has bean designed wilh
twi countar-rotating output shafts, there
15 no need for a tail rotor fo countar
torque — each propelier cancals the
other's iorque reaction, as well as aimost
tha entirety of each olher’s vibraton

A conventional helicopter powertrain
also lakes up a signilicant proportion of
aircraft waighl. As indicated, it requires
a numizer of dedicated structures and
geartoxes, as well as geanng systems o
keep e engine’s centre of grawty stabla.

“50 we wanted sometning that
wias mone like an culboard maokor for
helicopiers,” O'Naill says. “It's a single,
fully integrated lurmkey unit, with no need
fior a complex fransmission syskem. You
just ool it on fo whatewer you want fo
fty, and it usas a fraction of the pars

and weight of a comventional hekcoptar
transmission, which is crifical for the
vidbelity of UAVS in particular”

It was around 1999 inat O'Nedl first
concenad the isea of a cam-arven
enging. "I made a couple of cluda
protolypas,” ha recalls. “Soon aftor,
throwgh a stroke of luck, | met Bob
Morton, who had whitten several Dooks,
iNCluding one on cam desgn and had
taught at Wil for more than 30 yaars.
He examined ihe cams | ad designed
and fested, and became a key pariner
in the desgn and devalopment of the
MorEasier engmne.”

Thesr collaboraton quickly led o a
thard prototype, which used a four-stroke
power cycle and featured two counter-
rofating oufput shafis, one extending from
the top of ihe engine and ihe other from
the botiom.

After festing and demonstrating that
modet, development of the engine was
mowved o WPL with ihe help of wo teams
of mechanical engineenng students, a
fourth projotype was designed. That two-
stroke wersion had an improved cam
drive dasign o provida the rovs and
reduction ratio that O'MNeill and Norton
ware looking for.

“Further improvements on that ied
us b0 the warsion we Nave nght now —
our Hifth prototype, & four-stroke 80 hp
enging, with some dyno testing done to
valhcate that the design parforms exacthy
as wo've boen aiming for,” O'Naill says.
“The next step would be 1o oo a hft lest,
and that will be ihe [ast step, pending
furthar development wilh partners ana
eMd-users.”

Development of the currant warsion
pegan hwo years ago, wilth the first dyno
test following a year @ater. Signilicant
input into it has also come from Bob
Anderson, founder of OceanServer
Technology, an ALY manufacturer akso
based in Massachusels.

The decision to revert (o a four-
siroke cycle came partially from O'iNeill
and MNorlon’s aviomotive engineering
backgrounds, which made them more
familiar with such technology, and [ |
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The NorEaster is a reciprocating engane that integrates

& counter-rotating cam-based driee rEBNSMsESion

from not being able to gat the spead
and horsepower they wanted (although
the anging ran with wibrations as low as
they hoped for).

“In my Opimon, the stroke cycke is
urelavant,” Morton says: “if you can make
a two-stroke cycle work on this engine,
you'll gat as much power 35 you would
from a crank enging.”

Many of the components ard much of
tha ancillary enging systems sumounding
the drive and fransmssion ae COTS
products, having been sakectad
principally for cost-affectveness.

The main aim of development has
peen o derate and optimisa thal
patented transmission across asch
prototype, rather than develop costly
Daspoke subsystems o maximise the
parformance specihcations.

With the minimal wibration, secure
reduction ratio and low maintenanca
requirements of the drive transmission
syshem - especially whien compared
with helicopler powearirains — as
core salling points, O'Neill Power
Systems has made it clear that ine
varnous supporiing sysiems are

instead of & conventional crank-con rod amangement

bound o improwe in the future.

Az iho company i activaly saoking
parnarships for the NorEastar's furlher
development, its enginesnng eam s open
i input on what the exad natene and form
of those improvemants will be. Thar own
future obyactves include an awation-grade
ECU with slectronic fuel injection and an
improvad ignibion sysem.

At the moment, O'Meill Power
Sysloms is located at the University of
Massachusetis Dartmoutn Center of
Innowation and Enfreprenaursiip, whare
professors and students contribute 1o the
enginearnng and business devalopment
as wall as olher aspects of ine company.
Much of the ongoing work on 1he anginge
is owarsesn (and aided) by Edward
Spring, laboratory manager and meanbor
at UoM Dartmouth.

Cam drive and transmission
The MorEaster waighs 91 kg, with dyno
tesis thus far indicating a peak power
output of 100 hp (75 KW). The system
measures 92 x 82 x 305 cm, not
including the oulput shafls, which will
vary in kenglh depending on the end-

users vahicle and the flexibility of tha
rolor matanial they have salecied.

Itz spoed s in the 1000-2000 rpm
range. Maximum forque culput is
950 Nm, wilh 760 MM produced dunng
normal operations and is sapendent on
the design of the combuston cycie and
its components.

O'megill estimates that this cegrea
of power and forque could enable
a helicopier LAY incorporating the
MorEaster could carmy up 1o 450 kg of
payload, making it parlicularty applicabie
fior aenal logistics, wroan air taxis and
other heavy-5ift missons.

The inside of ihe engine contains
twi chambers which are symmeincal
in ihe norizontal axis. Each chamoer
confains one drive cam — a four-lobed
arangement resembling a four-poinked
sfar, designed o be push-achuaied by the
MorEaster's pistons.

Both outpul shafis extend upwards
through the engine, with iha lowear
chambar's drive Cam's narrower shaft
Ihreading up through thie wider shaft
mounted on the upper chamber's cam.
Each drive cam is also onentad fo
notate in the opposite direction to tha
other, 1o provide the counter-rotation of
the propailers.

The axght cylindars and pstons an
orienied radialy 2nd co-planarly around
e exght extornzl surlaces of e ‘cam
case’.

Hather than comprising a cormserdional
nead and pin to attach a con rod's
small end, ine NorEaster's piston neads
have a lueed 5 cm rod extending from
undemeath them, imo the cam casa. Al
the botiom of the cantral shaft comprising
most of the piston rod is a perpendicular
cross-member.

As the pisions Mowe up and dowr,
thesr inear modion in the cylinders {and
the absence of fransverse forces in the
cylinder from con rod oscillation) s
mainiained by keeping the rod cross-
members siotted wihin a guide plate.

The cam case contains bwo of these
guide plates — one for the pistons’ upper
cross-member hakves, another for o
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Exploded view of the MorEaster engine

the lowear halves — wilh siraighl-line slots
running bebesen the centre and outer
parts of the case for ihe cross-membars
to run in. Mounted on each cross-
mambar are four ball beanngs, with ihe
outermost baing around half the diamater
of the innar baanngs.

The anve cams and pistons are
onented so that when the piston head
firas Oownwards (lowards the cantra of
the engina), the larger ball beanngs on
the cross-members push down against
the two saparate cams in their respactve
engine chambars. Each beanng rolls
against its cam’s downward-sloping
surface, 1o push them apart

From abowe, this effect Iooks rather
like scissor blades beng openad by a
round metal object pushing into them
and forcing ihem apart By this meihoa,
rolational momentum s given o the dive
cams, the linear motion of the pistons
Daeing comvartad into rotational motion for
the culput shafls ana propaliers.

Aftier pushing apart the downward-
sloping cam surfaces and reaching the
cams’ botiom dead centras (BDCs), the
piston is then dmeen back up o s
cylinder for the exhaust siroke, by the

immediataly following upward sliopes
of ihe cams, which camy forward thedr
rofational momentsm and push up
against tha large bearings.

To ensure the piston = camad up
steadily, 2n aodddional, downward-
facing cam surface is designad along
the opposito nner nm of each drving
cam. This offoctivoly creales a raceway
batwoen the cam lobes and the rim, and
helps the ovarall efficiency of the system
by ensuring that no kinetic enargy is Jost
as the pistons and cams push each othar
up and dowrn.

The smaller beanngs lwead to the oular
part of the pision rogs’ cross-members
run akong and against his upper mim.
The reason for that s to prevent the nead
fior the larger baanngs 1o run within this
raceway — 00iNg 50 would mean the
upper and lower fracks of the raceway
acting on the bearing in opposite
direcfions. That could causa the karge
paarng o spin in Doin direckons and
genarate unnecessary niction, meaning
more oil wiould be needed and nagating
the reason for having rolling bearings in
the tirst place.

Once ine cross-mamber beafings

reach the top dead centre (TDC) of tha
next lobe (for the cylindars nesdt intake
stroka), the nest cyknder along lires and
pushes ihe cams, with the upper track
of the cam raceway then pulling the first
cylinder's mston down (o draw in the
fuat-air mixture.

Typically, in the NorEaster fwith the
four-iobe drwe camy), four of the esght
pestons stroke downwards at once. Cne
opposing pair of cylinoders will b finng,
wihila the other pair will be taking in fusal
and air. As this happens, ihe ofher four
pestons are being pushed upwards for
COMmpression and exnaust

Onca the tirst four pisions’ cross-
members reach the BOG of their
respectve cam lobes, and the secona
four nave reached TDC, they allernate
ther mowement, with the first four now
stroking upwards as the second four
stroke dowr.

By naving two horizontally opposing
cylinders firing on each siroke, the
directional force of each cylinder's
combushon is cancelled oul, reduecing
engina vibrafion. The linng order of the
cylinders follows clockwisa around the
anging whion vicwed from abows, wilh
an enven firing fima botwoan them This
means that, initialky, the first and Hith
cylinders will fira, followad by the second
and sidh cylinders, and so on.

It foliows from this that each
nonzontally opposed pair of lobes
comesponds to similar hatves of the
power cycle. (Going around the cam, the
tirst and thirg lobes’ surfaces contact
the piston beanngs dunng their axhaust
and intake strokes, while ihe sacond
and fourln lobes cormespond 1o the
COMPression and combustion phases.

All these contacting surfaces and
Deanngs mean oiling is crucial. =in is
cument design teration the oil pump s
exiamal, but we hope for ihe production
modat o integrate the pump inside the
cam case,” O'Meill commeants.

=Righni now, the cam case itsalf is also
the oil pan, so oil is pumped wp at the
bop of the drving cams, with gravity and
centrifugal motion providing forthe B
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Anatomy

NorEaster helicoplar engine
Radial eight-cylinder, four-siroks
Maturally aspirated

Carburetied

Waight- 91 kg

Sira: 92 x 92 x 30.5 cm

Maximum power oulpul 100 hp
Operating powar oulpul- 80 hp
Maximum forque: 950 Mm (700 lb-it)
Operating forque: 760 Nm (560 -1
Bore: 6.826 cm

Siroke: 5588 cm
Displacemant (par cylinder): 205 oo
Total displacement: 1840 cc
Compression rafio, 8.5 to 1
Compatibie fusl types: potrol
Operating spaad: 750 rpm

The NorEasiors cam case Comprises
SovEN Main componanis. An aight-
sided cam housing foms the main
sinechural biock, wilh the inner side
being cylindrical and feahuring a rim
Tunning anund the middie.

Tha cam housing is CNC-machinad
Trom &n aluminium billst. Whils no
coatings ane cumentty usad, fulure
varsions might be anodised for
COmosion resistanca. Fision rod
aperiures are then drilled radiaky
imwand at the cantre of each of ils
sight taces.

Mext, two circular guide plates ane
instalied inside the cam houwsing.
These are also CHNC-machined
aluminium with polential Tor
anodising, and each piato is tastonad
o one side of the cam housing's
innar rim, with X2 M25 fasioners.

Eight siots are cul axially into the
guide plais to the same length as the
piston stroks, with a coniral aparture
for the output shafts and main
bearings. Sixtoan additionsl holes are
cutl into he guide piais for cooling
and reduced woight

Tha engine has a pair of fur-

Many of the NorEaster's key components, including the

guide plates, were CHNC-machined from aluminiusm

also rom aluminium) are tastonad
o each of the eight sides, using four
M10 Tasieners each.

The pistons are also machinad
from aluminium, with three rings
about the pision head. The fop fwo
are COmaession rings, with an oiing
ring undemeath. A piston rod 5 cm
long exdends from under the head,
wilh a cross-member exiending from
gither side and mounting two pairs of
ball earings for contacting wilh the
drive Cams.

The cam case is closad on
aither side by a pair of housing
covers. Thess octagonal aluminium
plates might aiso be anodised
for added COMOSoN resisiance
in future vorsions of tha angine.
Each housing cover is bolted to an
opposite opening of eight-sidad
cam housing using 22 M2 fastenars
and 18 Ma2s.

\rZaplember 2019 | Unmanned Systems Technology



distribution of the oil across the cams,
all around the cam case; and 1o the
bearings, piston rods and o fings. The
oil eventually setiles at the bottom of the
cam case, where it s then recirculatad,
with o I0sses as the system s fully
closed.”

In the MorEaster's curment iteration,
cooling is proviced Dy he downward
thrust of air from the propaliers, wiich
ficners Over the outer surface of ihe cam
casa and across the cylinders.

The number of kobes on the driving
cams may be subjed to changa. The
primary aim of the engine’s design i that
the oulput shafls mowe al bebween 750
and 1250 rpm, as belitting a helicoplar
rotor system.

As the cytinders and pesions ware
onginalty designed for four-siroke
operations at 4000 rpm, the cam
currently has four obas 1o provede a four-
lo-ona reduechion rato. Accompiishing
this reduchion withouwt belts or gears
means the enging awoids all the
inharent mairdenance iSswss and poris
of mechanical failure that helicopter
fransmission systems are prone to.

“| desgned all the cams using My own
cam design program, Dynacam,” Morton
explains. “The cam profile data from
Dynacam was then impored into CAD
programs 1o genaralo the cam surfaces™

Valve control

As tne curment configuration of MorEaster
uses a four-stroke power cycle, the
cam-driven angine has been designed
with a senes of componants to form a
secondary cam syskem, which acts as the
power SySlem's vahwetrain.

“The vahe driwe System is S0 simple on
this engine, compared with whal you'd
usually nd on an aubomotive or LAV
four-stroke,” Moron comments.

The heart of the valve control and
timing is a valwe cam. That is
the affective ‘camshafl’ of the NorEaster,
althowgh it is much wider than it is
long (and therefore more closaly
resembles a pair of coupled rings
than a shaft), and doos not nead any

O'Neill Power Systems NorEaster | Dossier

timing bell or chain to oporate tha
vahes of koap accurate timing.

That has aliowad the ovarall valvetrain
o be designed in ina with O'Meils
philosophny of avoiding balt-onantod
transmissions. its design features wo
cams, sat on two fiers wilh wo lobes
@ach, sach cam's iobes boing saf
opposite 1o each ofher.

In this arrangament, one cam actuales
the cylinders’ intake vakes while the
other s lixod 1o opearate the exhaust
valvas. As each valve cam Nas two
lobes, comparad with the four on the
drive cams, each valve is openad and
ciosed in order as well as once per
power cycle, wilh iming hixed by he
fact that the upper drive cam is direcily
driving ihe vahe cam.

Put mone simply, just a5 two power
cycles [or esght strokes) are compieled for
evary rofation of the drive cam, so each
vahe will ba opened and ciosed twice for
evary revolution of the output shaft

To actuate an intake vale, the vahle
cam's first upper lobe comes indo
contact with a roller lifter, eight of which
are arrangad about the patn of each
lvba (for a totat of 16). The lobe pushes
the rotler lifler upwards, which lits a 22
om pushrod wp against the inpot end of

Within the (bluee) drive cam’s raceway, the large
bearings (green) on the psston rod’s cross-
member push down on the cam's inner lobes,
while the emaller bearings {grey) on the outer
part of the cross-member are pushed up 1o nun
against the outer lobes

a rocker anm.

The output enda of the rocker arm
thus rofatos cownwards, pushing down
against the spnng-loaded intake vake
and opamng the port to the carburetior's
fuat-air modure. As the zemth of ihe vake
cam lobe passes, the roller lifier and
pushrod are owered down again, and
the vahe lifts upwards to seal the intake
port wilh the valve soat

After ihe combustion phasa, ihe
second vahe cam comes anund o set
in mohon a largely enfical procedure
o open and shul the exhaust vahe.
WWhile each vale cam's iobes are set
IBCP apart, the exnausi valve cam is
offsal slighity so that each intake lobe's
cormesponding exnaust lobe follows
shightly faster, at about 1447

The intake valwe seat (and by
extensicn, tha intake port) is 26975 cm
in diameter, while the exhaust valve is
222 cm across. Both porls are placed
atop each cylinder, equadestant from the
centre of the bore, with a fiat valve angle
0% between them. [ ]
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Each vake cam [pink} pushes up against
the lifters {goid] to actuate either the eght
intake wahes of aight 8xhaust wakes, wia a
linkage made up of pushrods, roCker arms.
and spring-stems

A round steol lube extands upwards
from the exhauwst chambers alop the
cylindar heads, before turning 180° o
funnel the exhaust fumaes down betwoen
the cyfindars. “We've also equipped i
with mufilars from Briggs & Stration, to
reduco the noiso genarated by that esgnt-
cylindar system,” O'Naill points out.

*Originally the cylindar heads had the
axhaust directad to the top, but we dian't
want that flowing near the rolors, so we
redesgned it o direct the fumes balow
whars they'd be less narmiul”

On the current profotype, fual s
stored in a grawity-sot fuel tank, wilh
spparate hoses exdending from it to the
carburatiors on each cylinder head. Each
carburetior nas s own throtble body for
air intake control

Cam engine versus crank/
con rod engine
As well as improving ower nelicopler
turbine-and-belt arrangementis, the
mMorEaster's cam-based dnve syslem s
designed o provide certain agvantages
over ihe more comentional reciprocating
engine’s crankshaft-based drive.

In a crank engine, aach con rod's big

end rofates with ihe motion of is crank
pan, wile the small end of ihe con rod,
being litted fo the piston pin, genarales a
secondary ‘side-io-side’ harmonic.

That can create friction and wear
batween the pision and is cylinder
wall, by pufling o cne side duning its
downrward stroke and to the ofher during
the upward stroke.

The NorEastars pistons are not pulled
side to sido in s way, as the drive cams
exart balancad forces on edither side, and
the guide plates hold the cross-membears
in placa o prevent the pistons baing
‘twirled’ in aither dirachon.

Als0, as mentionad, the radial operation
of the MorEastar with the cylinoers
firng in opposing pairs means all the
narmonics of ine inartial force generaiod
by combustion cancel each oiher oul

“The co-piananty of he cylinder
distribution abowt the cam case also means
there is no inartal shaking moment™ MNoron
says. “And again, the counter-rolation of
the culput shafls and propeilers canceis
the reachon forque, making for & minimsally
vibraling power outpul”

The future

In addition o welcoming enginesting
inpul from fulure pariners and end-users,
OMgill Power Systems envisages several
othar configurations of the NorEastar.

The vake cams {yellow) are bolted around the
outer driveshaft, atop the upper driving cam

One, dessgned for UUY propulsion, uses
an elecinc motor as the main powar
spurce driving the lower cam, with the
cylinders removad and Ihe pision rods
neld in their siots to actuate the upper
cam and its output shaft

This alternative use case for O'Maill's
drive transmission system is titted the
VorTaq. “UUVs are mostly elactrically
powared, with one propeller, so they
naed control ins which are constantly
adjusting 1o compansate for tho
dynamic roll the prop induces. fo
stay level and Hat to generate qualkity
s0nar imagery,” says Anderson of
OceanSarvar Tachnokogy.

“Tha counter-rotating propatiars would
induca no roll, 50 you could reduca those
comrol fins signiicantly, maaning fower
pobtential points of mechancal failure and
much less drag on ihe vahicle.”

A fulure warsion might also integrate
a terhiany output drive shafl, drven by
a fimed gear intermeshing with teeth
formed on one of the drive cams. That
would extend perpendicularty from ihe
MorEaster, o drive 3 pusher propelier.

Whatever form ihe next engina
takes though, it is undeniable that ihe
technology at ine heart of the MorEaster
system has the potential 1o revolufionise
the next wawve of UAYs and theair
markats. O
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