pattakon VVAS

—A solution for the idling problem of the knawvn
throttle-lessVVAs.

—Mechanca VVAswith independertly variable lift and
duration.

—Mechanca VVAswithout valve springs
(desmodromic) for racing engnes.



To the paint

Every motorcycle make hasin produdion a 1000cc hke
engne with top power at around 12000rpmandredline &
13,000rpmor even Ighe.

Such an enge canot redacethe egine d a heavy ca The
peakytorque cuve, themedumto low revs characteristics, the
partial load respornse éc cannd med the needof a heayy
vehicle.

Think d redacingthe convationd valvetrain o the 1,000cc
bike engne by a lghrewing VVA

But, do high revving VVASs exist?



pattakonVVAr 4cylinde, 1600cc(9,000rpmreviimiter)
accael erating ona highway (click onthe button)

\ ! w



Rod-version androller-version VVAprototypes



pattakonVVA, 4cylindea, 1600cg 9000rpm
full version



pattakonVVAr, 1600cg 9000rpm, full version



pattakonVVA, 4cylindea, 1600cg 9000rpm
light version (Intake side ony)



pattakonVVA, 4cylindea, 1600cg 9000rpm
light version (Intake side ony)



VVA parts. 0.150Kp each” complete nav rockea arm’
varsus 0.260Kp of the aiginal 2-mode



Control of the VVAr prototype engine (a modified B16A 1600cc)

The rotation of the intake @ntrol shaft defines the lift of the intake \alves.

A rheostat is displaced by the intake control shaft and its sgnal isfed to the MAP input
of the ECU (the original MAP sensor isremoved: without a throttle \alvethe pressure
just before the intake valves is always atmospheric).

To increase the sengitivity of the system at low valvelifts, the rheostat is exponential.

The original engine usesthe rews and the MAP (manifold absolute presaiure) signal as
the basic parameters for the ECU, whil e the modified VVAengine usesthe revs and the
valvelift asthe basic parameters for the same ECU. Modifying properly the injedion
and ignition tables (a wide band lambda sensor and a data logger isall it takes) the
VVAengneisready to operate.

The systemin practice

The driver presses the gas pedal. The gas pedal, through the gas cable, rotates the
control shaft(s) changng the valvelift. The rheostat, displaced by the intake @ntrol
shaft, signals to the ECU for the new valve lift.



The ECU, based on the present revs value X and on the present valvelift value Y
(which, for the ECU, is nathing more than the original MAP signal), reads the
Injedion duration and the spark advanceat the (X, Y) cdl of the modified injedion and
Ignition tables.

The ECU modifies the injedion duration and the spark advance according the signals
fromthe rest sensors of the engine (the air temperature sensor, the exaust oxygen
sensor, the water temperature sensor etc) andtriggers properly the injedors and the

spark plugs.
The ECU at medium—low revs operates in closed |loop mode (based on the feedback
from the exhaust oxygen sensor), while at high revs it operates in open loop mode.

With 0.15mmintake \alvelift the engine idles at 300 rpm.
Any valvelift from 0.15mmto 12 mmis direaly avail able.
The engine breaths efficiently from below 1000 rpm to 9000 rpm, without steps.

Thereviimiter is st to orly 9000 rpm not to proted the \valvetrain bu to proted the
rest engine (conneding rods, pistons, crankshaft and block).



Thereisno VVT (to phease the amshafts) ye the VVAsystem manages to control
efficiently the “ actual overlap’ : asthelift of intake and exhaust valves lowers, the
actual overlap deaeases (at very sort lifts, the actual overlap is reduced to zero).

The cam lobe profil es have been designed according the new geometry of the \alve
kinematic mechanism: the valvelash is constant, no matter what the valvelift i s,

whil e the maximum accderation and jerk are kept accegotably small, i.e. the valve—no
matter what the \alvelift | s— performs a smooth and controllable motion.

The response of the engineisdired — instant.

There is nothing between the valves and ariver’s nght foot except the gas cable.
Neither “ drive by wire” nor “time delays’ between driver’s deasion and engine's
response.

Even the intake manifold “ capacitor” is misgng now: the intakeis a high flow (and
zero cost) I TB, and the pressure just before the intake \alves is always atmospheric.

Sde dfed: the heavy gas pedal.



Valve springs:

The original valve springs of the VVAr prototype engine (B16A2 VTEC 1600cc) cannd
provide \alvelift above 11mm neither reliable operation a 9000 rpm (1000rpm above
the factory rev limiter setting).

Sq a set of harder valve springs, capable to provide alvelift of 12+ mmand
reliahility at 9000 rpmwas purchased (2 egg shape® , unreasonably expensive).

A side dfed of the harder valve springsisthe 2 heavier® gas pedal.

| ntake manifold:

The VVA prototypeisrid df throttle valve (the throttling is done by the intake \alves
themselves, because they @n operate at lifts continuoudly variable from zero to a
maximum). Cutting the backside of the original intake manifold (plenum), what is | eft
Isatrue freeflow ITB (independent throttle bodies nd of throttle valves), andthis
without any cost (2000 eurosisa?@reasonable® pricefor a good I TB for this speafic
engine).



Flat air flow (torque all the wayto revilimiter



Infinite available versusthetwo ariginal modes



Highrewing



Low idling



Throttle-less



Throttle-less



Throttle-less [TB



pattakonrod-roller VVA 4cylinde, 1600cc



pattakonrod-roller VVA 4cylinde, 1600cc






pattakonrod-roller VVA, 4cyinda, 1600cc neessary
force to rotate the conrol shaft




Back to the 1000cc bike engine.

Choose the daign details of the pattakon DVVA (desmodromic
VVA ddaailslater) in order to provide (at around 906 of its
maximum valve lift £ valve duation? capacity®) the vave lift
profile d the aiginal 1,000cc ene (secuing a propa anges
thetwo cortrol shafts, the engine camot see dfference fromthe
original to theDVVAvalve train).

Same 10Kp*m of torque ae avalable from bdlow 1,000 rpm
to ove 13,000rpm (=70 PS & 5,000rpm, ~140PS & 10,000
rpm, ~180 PS & 13,000rpm).



Redacethe 2litter engne d a ca bythemodified 1000c
DVVAmoto engine and changerppely the dfferential
transmissonratio.

No needor variable canpresson.

The exrawide (efficient) revrange dlowsthesmall engine
opaate pemanerily a hearyload (where the thermal
efficiengy Is better).

Flat torque and opimized lreahing dlowsthe diver to use

low revs (fuel ecanomy, low emissons, low noise, reliabili ty etc)
until the-rare- case he needmore a the peak pwer.



Compareto the aiginal car, where abuky and heavymgine,
Inefficient at partial loads (Where the engne spends almost all
Its life) Is used

Compare to the Hybrid cas. Hybrids efficieng/ Isbased on
spark ignition engnes' inefficiency a partial loads.



A small / light / high-revving engine with the
corred VVAIsthe way for economy, emisson
control, performance, driver friendly
operation and more.



State of the art VVAS

A look & BMW svalvetronic, the oy VVAINn massproduction,
revalsthe goblems.

It Improves ecoromy andemissons, it has better responrse, it
change continuowsly the \alvelift andthe vdve duation from
zero to amaximum, it idles snoother than conentiond.

It Isnot usedin sport cars (Wherethe VVAcanshow its big

difference fromthe convational valvetrain, providing flat

torquefromvery low to vay highrews) becaise valvetronic
cannd withstand highrewing.



Theidling revs (@nd corsumption/emissions there) cannd go
too low: the system cannd balance the feedng d the g/lindas
of throttle-lessengnes.

The avdable@valvelift profiles® areinfinite. But the vdvelift
andthevalve duation cetermine one anther, I1.e. they @anna
vary independetly.

The dectromagnédic VVAs claimtheir full variability: the
desirable vdvelift can be cabinedto the desirable valve
duration. But theystill have thar own problemsto ovecome.



Variability

Thepattakon FVVA (fully variable VVA) Isa mechancal VVA
providing infinite times more vdve lift profil es than the state of
the at mechancal VVAs.

In the \alvelift varsus valve duation dot, valvetronic moves

exclusivdy dong a cuve ¢
Indgoerdently, the vdve

anging catinuowsly, but not

Ift andthevalve duation.

In FVVVAcaseg, for a speafic vdvelift there aeinfinite vdve
durationsto canbine with, and vice vesa.



From one (state d the at) to two dmensions



FVVAmechamsm /princple






Secuing & an ande the?duratior® control shaft (orange)
the FVVA system @ degades® to aConstant Duration VVA
(CDVVA) like pattakon s prototypes.

Secuing a an andethe?l|ift°® conrol shaft (cyan), the FVVA
system? degades® to a Last Motion VWA (LMVVA) like
BMW s valvetronic.

Secuing bdh cotrol shafts, the FVVA system2 degades® to
a convational single mode vave train.



Insteadof bang bounao move dong acurve, with FVWA we
are freeto moveon asurface aea

From one dimension (curve) we goto two (area).

In athe words, the pattakon FVVVAcan appoachmuch béter
theideal valvelift profile (ided for the instant opaational
condtions of the angine) than the state d the a't mechancal
VVAs.

Tojustify the adlitiona complexity and cat a VVAbringsto an
engne, the gans must beworthy.



The oy gan aVVAbDringsisthe ogimization d the engne
breahing.

The doser to the optimum valvelift profile a VVA can
approach, the better.

And the pattakonFVVAcan appoachmuch béter the ogimum
valvelift profile keepng at the same time the advarages of the
mechamcal VVAs.



High revvung

Thestate d the at VVAscannd rev hgh becase, among
others, their mechanisms are heavy gnerating stronginertia
loads and becaee they, of necessty, invdve adlitional
restoring springs that further increase theinertia loads and
thefriction-wear.

The wual statement during nev VVAdesign adrertisement Is
that the specific designisindertedfor emissons cortrol,
rather, thanfor increased paver. Which redly mears:
Aforgea high speafic power®.






Pattakon Desmodromic VVA (or DVVA)

Continuoudly variable (from zero to amaximum) valve lift
AND cortinuowsly variable (from zero to amaximum) valve
duration AND independatly variable 2 lift + duratiorn® (i.e.
for eachvalve lift there areinfinite avalable \alve duations

AND for each alve duation there are infinite avalable vdve
lifts).

Rid o valve springs and anyother restoring springs.
Compad, robust andlight.
From pure mechancal to pue2driveby wire® cortrol.



At left Isthefirst pattakonVVVA, at right is the pattakon
DVVAmechansm. Compare.



Basic pats of the I pattakon prototype VVA



The cyinde head @ the ¥ pattakonprototype VVA



Thefirst pattakonVVA hand made runs on Athers roads
for five years withou any maintenarce




pattakonDesmodromic VVAat
three* different modes

Long duration Long duration Short duration
High lift Medium lift Small lift

* threefromthe infinite infiniti es available



A Formulal engne (or a motoGP or araang enginein
geneal) pollutes a lot, corsumes a lot, idles unstably at a few
thousandre\s, is difficult to start, iIsalmost 2 dead® at low to
medum revs and & partial loads. All these soundreasonalde,

today.

Think d a Formulal engne capabe d sustaining its peak
torque al theway dowvn to 1000 rpm, idling & 500rpm, having
partial load response andfuel efficiency bdter than family car

engnes. All these soundlike sciencefiction today.



DVVA : technical details.

Beyond keing apure medanical VVA it isalso atruefully variable VVA it can
change independently the valvelift and the valve duration, providing infinite times the
valvelift profiles provided by the state of the art mechanical VVAs.

Sauringthe2lift® control shaft, the DVVA @ degrades® down to aLost Motion VVA
(LMVVA) like BMW s valveronic (yet rid of valve springs and any other restoring
springs).

Searringthe 2 duration® control shaft, the DVVA2 degrades® down to a Constant
Duration VVA(CDVVA) like pattakon' s prototypes (yet rid of valve springs and ary
other restoring springs).

Seauring bdh control shafts, the DVVA2 degrades® down to a single mode, spring-
less valvetrain, like Ducati' s desmodromic valvetrain.



The valve springs are diminated gving room for the intake ports.

A comnon assumption, in valvetrain dynamic analysis, is that half of the valve spring
weight is immovable, whil e the other half performs the reaprocation of the \alve

In the original B16A2 engine:

Intake \alve 45qr
Intake \alve springs: 50 gr
Intake \alve + (Intake \alve springs)/2 + Retainer = 85 gr

Releasing the \alvetrain fromthe valve springs reaprocating weight, the red line of
the \valvetrain goes higher.

It is also the valve stem' s weight, flexbili ty and thermal expansion. Reducing the \alve
stem length to half (i.e. as much asthe length of the springs), the reaprocating massis
further reduced, aswell asits flexbility and heat expansion.

The st isalso reduced: in order to increase the valvelift to 12mmand to shift
reliably the red line to 9000 rpm, 460 euros were paid for a set of harder valve springs
for the VVAr prototype engine (original engine: B16A2 1600 cc).



It Is also the friction.

It is qupid, yet it isthe rule today, to gperate an engine at idling or at 1000 rpm using
many times harder restoring springs than what is really necessary.

A valve spring capable of restoring avalveat 7000 rpm (typical reviimiter setting) is
some 50 times harder than what is necessary to restore the same valve at only 1000
rpm, provided either at 7000 or at 1000 rpm the valvelift profile isthe same.

Using reduced valvelift at low revs, the necessary hardnessof the valve springis even
lower (some 200 times at 1000 rpm and full | oad).

A restoring force many times heavier than what is really necessary, means friction,
wear and reduced smoothness

The DVVA on the other hand, imparts to the valve only the necessary forceto perform
Its reaprocation: fromlight at low revsto exreme at red line.

Smilarly light is the gas pedal of the DVVA (espeaally at low liftsand low to medium
revs).



Pure@driveby wire® can be the case.

Partial 2drive by wire® has advantages, too: the driver can dredly control (through
the gas cable) the 2 1ift° intake @ntrol shaft to get the best in dred response, while
servo motors can rotate the rest control shafts according ECU's commands.

Pure medhanical control can aso work: the driver rotates diredly (through the gas
cable) the?lift® intake @ntrol shaft, while the rest control shafts are 2 linked®
(mechanically or in ather way) to the primary 2lift° intake @ntrol shaft.

For racing use, the lash adjustment is mechancal. For normal appli cations (like mass
production cars) the DVVAcan use hydraulic lash adusters in order to avoid the need
for valvelash adustment.









An apgication:

The DVVAapplied on amotoGP engine can ke 2 degraded® down to fit the reliahili ty,
performance, dired response and 2 easy of control® needed in arace

The rider rotates (by the grip) the intake?lift® control shaft, while he hasa leve to
change = when he deades © + the angular position of the intake?@ duration® control
shaft (the way, for instance, he now controls his suspension characteristics).

The exaust can le single mode desmodromic (both exhaust control shafts are
blocked), or variable lift (for instance by linking the exhaust 2 lift°® control shaft to the
Intake?2lift® control shaft) or independently variable lift and duration.

Depending onrace ®nditions (dry or wet race-way, last lap, need for more than top
power for a few seaonds etc) the rider hasthe way to digninstantly hisengine
characteristics of torque and power.

In amore simplifi ed edition of the DVVA all control shafts are fixed. This way the
DVVAZ2degrades® down to asingle mode desmodromic valvetrain (likethe airrent
motoGP champion Ducati) with throttle valve and conventional control.

Besides saving space and weight from the cylinder head, the improved breathing and
combustion reducethe fuel weight necessary for the race.



The exsting eledronics are more than adeguate: memory spaceto store additional
Injedion and ignition tables, depending an the angular position of the wntrol shafts.

Thereduced reaprocating “valve’ mass
the absence of valve springs,

the reduced flexibilit y and thermal sensitivity of the \valvetrain (halving valve stem
length and having al “rods’ of the DVVA linkage rid of bending moments),

allow true high revung and more speafic power, which also means improved
eaconomy and emissons (remember the 1000cc moto engine this presentation started
with).

The infinite, diredly available, valvelift profil es improve the torque output throughout
the entirerevrange as well as the partial |oad characteristics, the easy aanking, the
low revidling.



DVVAmechanism



DVVAhead for single cylinder engine (8/mmbore). 35mmintake \alves
(14mm naximum lift), 30mmexhaust valves (12 mm naximum |ift).



DVVAhead for single cylinder engine. Total height 140 mm



The aonventiond intake valve with its valve spring versus the DVVAvalve
Centrally located spark plug.



Upper andlower part of the DVVAhead



1dling

ThepattakonCivic 1600cc pototypemakes its peak pover at
9000rpm (12mmvalve lift) andidles at 300rpm where the
necassry lift of the (33 mmdiameter) intake vdvesisonly 0.15
mm (throttle-less)

At idling the pasagethrough which the mixture eners the
cylinder islike aredangle havinglong sideto sort sideratio
more than 1300

Thinkthe dfed of the dlightest difference ketween thelifts of the
Intake \alves.



Thestate d the at throttle-lessVVAs cannd idle corredly at
vay lowrews. It iIsa matter of feeding-balance ketweenthe
cylinders. It isalso amatter of air-mixture swirl andturbulence
Atheright momen®.

In order to Improvetheidling of any throttle-less VVA engine,
pattakor s solution istheidle vdve duringidlingthe bg intake
valves of a ciinda are canpletely deactivated(i.e. theystay
close) while thefeeding d the gylinder is redized by an
addtional intake valve d small flow capaaty (idle \alve).




pattakonidle \valve istheideal apdicationfor eectromagnetic
valves because anidlie walve is a few times lighter thanthe
normal intake vdve, becawse anidle vdve paformsastroke a
few times dorter thanthe namal intake \alve stroke, becaise
anidle vdve opeaates at revs a few times lower thanredine

Theidle vdve corrol can besimilar to the cortrol of the
typical injectors. The ECU signds each idle vdveto open a the
optimum crankshaft ange and after some milliseconds, signas

theidle valve to close.




mechancal idle valves 3 hous/litter at 330rpm)



3 hous/litter at 330 rpm idling, top specific powver at 9000 pm



Changngthe duationtheidle vdves gay openchangng aso
theidle valve adwance theenginekeeps cortrol onidlingin
order to arive vaious apdiances (oads), like ar condtion,

power steering etc.

With smart cortrol (different idle-valve-advarce andidle-valve-
duration from cylinder to oylinde) andfeedlack fromthe
oxygensensor, theECU can eaily balance &l cylindasto

optimize idling coaxsumption, idling anissons, idling
smoothnessetc.



electromagnéic idle vdve



Thedlightest difference etweenthelifts of the namal intake
valves, let say a+/- 0.02mm valvelash-differencefrom valve to
valve (which, by the way, iIstheincrease d thevalve length
whentemperature increases by 17 degees centigrade causes,
during idling, anintolerable differencein the quanity of
mixture entering the gylinders during suction gycle.

To expet from the same intake \alve to ope&ate the onemomert
at 9000rpm and 12 mmvalvelift andthe net momern to
control theidling performing a prease stroke d 0.15mm B
ovaoptimistic.



Besides controlling idling, the idle valves can dso cortrol the
opaation of the VVA engne & low revs £ partial loaads (for
Instance at down-town traffic). aslong & theflow capaaty dof
theidle valvesis adequae to providethe paver necessary for
thevehcle, the namal intake vdves can stay dose.

Thefollowing indicative dot revedstheidling problems of the
various valve trains. It is sgnificant to reducethe pumping loss
Indeed But it iIsmore significant to kegy the cambustion
efficieng/ good From all systems only the? electromagneic
Idle valve®? combines the minimization d the pumping losswith
the gtimization of the mixture hanogeny turbulence anagéwirl
at the coombustion time. The g¢ectromagnéic idle vdves
optimize dl: i1dling smoothness corsumption and enissons.




More significant than the pumping loss eduwctionistheswirl
andturbulence bast at combustion time



Thetypical VVAappoachisto opendlightly, just after TDC,
the namal intake valves andto close them before middle stroke.
This reduces the pumping lossin exp@se d turbulence and
swirl. Having along 2 deadperiod® (some 270crankshaft
degees) fromthe momen the intake \alves close to the moment
theignition occus isno goal.

Thesmall electromagnéic idle valves, onthe dher hand share
equdly the chage béweenthe g/lindes, demanding reither
extreme construction accuacy, nor special cooling system, nor
periodic adjustments. They &so improvethe corsequent
combustion becasge they freely phase the op@&ing and ¢osing
of the idle valves, optimizing theturbulence andhe swirl
during combustion (evenwith zero 2 dead peiod®).



VVA: great Idea, poor results

VVAs are wsedto ogimize the lreahing o theinternal
combustion engjnes.

Unaldeto opeaaterediably at highrews, VVAengnes beame
Synonymous to poa peformance egines.

Unaldeto approach d¢osely the ideal (for the isting
condtions) valve lift profile, VVAengnes did na achieveye to
show thar gred supaiority (Smoothness response,
consumption, emissons etc) comparedto conentiond.



VVASs can do more

Top paver needtrue hghrewing VVA

Optimization d ecnomy, emissons, resporse dc need fully
variable VVA

Smoath, stable, economic idling need idie \alves.



pattakon VVAS do more

Offer infinite timesthe? valve lift profiles® offered bythe state
of the a't mechanmcal VVAs.

Operate & raadngre\s.

|dle pefectly.



thank you

for more detall s;
www.pattakon.com



