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Background: 11 is apparent that the 'kc)'wnrds' Propnninnal huts Pelves'- and
'Pulse Width Yindi lalion (PWM) are 11,31 u311CIUC  in isoLatier or
cnmhination. Pulse syidlh Mildi ion IS a method 111 apph ine a square a w
whose duty cede 1s  modulated rd s a ILinu in the I art lei On n( Jr, accra_ee
value eI thr wmcl nose. Ihiii has hcca in u11 'extcnsicch ro  actuate
solenoids of hxdraul Ic VSIVCS. Our claim in nll'  14id0li ne of We d. nom ics
ova popper ail,,  R espouse enhancement of l he sVri[china lopeningHns inel
valves Our claim is asscitchinet cchnmc that iIlots a standard On:Ofi' puppd
calve to dmmi pmpartinml I]usti_ li'e  idenlili' a'rcyion' tE}cyuencr:In,]
duly ,ele' where the popper appears to he flo:aing mid tc:n' hchsrcn Ihr open
:led  elnsc spec. his process 'allows fora variation ,I the mean 11m1, and
[hus prnriacs Ilnu comrnl. ilia valve spic'al]s  applic.l to ltdI hl low or no
tine. II M switching of the current in the solenoid cake alloxs Idr precise
control of the mover applied Iu the s,3IcnnLJ  using digital Circe its which
is far mom slahle than analr _ aptlills_ The esritalron fripuencics we apply
are I'll III11111  that [hal hpica]Iti applied to the apenine aaJ dusinO if a
snlnnoid aper red poppet teal. 5 ecifc lies on se to l )ocn menu C:ired.
Document DI: Modelling and Si to ulat ion o! a Fast 212 5ni iching Valle I lie
paper SAidi es the pe r(dmt anee of a t,o stage pro pe rtirnnl tlmr valve in
particular Bostonians to ins pcrfonnrmcv  Inherently this class of valves prof
ide for proportional fleas In our apphcatiou ae focus on the single stage
"Poppet Valve Phis is typically. used to preside `Pulh Or' ar  "FUIN Utf' tlou
control We see no significance of the doecimeat ]] I to cur claim, In our
claim we demonstrated an extension of the' Fully Os' or 11 I)ft' how control
of tappet vales. Rc  appropriate excitation of the poppet are can "float'' the
poppet jr, an intenned'rnc state" and achieve rclarivels  proporlional ills
control, This occurs at a frequency bh;her thin that of the 'r,commend,d
switching malt' plum  P^Ppvl y:nhc. I'W M is used as it praviJea precise
control ofencrw Io the solenoid coils usinn digital swildilo,  Ikocumrnl 1)2:
Funrfamenteil Performanee Limitations Fora Class of Electronic'I'wu-Stage
Prnpertional Flnsy  Valle. J lie paper describes We mattiemal ical niadelinc
of a relal ivels fast [loss elnrtrol vulva It does nor discuss the
pnssi6ilit11 of aduptmg enhanced ,Itthirig for' proportional slow control`.
Our claim is not in [INC malhcmatical model- our claim is in the nocelr} of
appropriate tstonsion nt tltc poppet  [trance to provide ml'rmcdiate mode'
pusi[rmrine mid prulkrtliurlal Ih ose II'l]I* LL poppet verlYC. Tlti. mode iN
IIperauuu has nut been Jceurnenled or described. prcewush>  Dontment D3:
Patent Summary In his dneumuni a mrtherd of impnnmg INC "dead-haird''
perfornlaniL uenciated Iwli solenoid Itpultlinu was  described Whilst the
paper describes the switdria=' of a popper valve- it still describes 11te ease
i1 :a "Falls On'' or  ' l u1k OI'f' Moss co,[rc.l In our Beim 'INC idemolm a
lint r swnclung rate thpicullp. one oiler 111 Ina_nim,lc fa,Ieri ssltcn the
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heiween the cloned and Lilly open slate. Ivy caning the duly' Cede and
Frequerier uo adiust this intlmsediale stale  elosnr In Bn!h open air dosed,
pnxrdum htr proporlicnhl flow, Description  In this application we describe
the use of a poppet valve for proportional flow. The application dress  not
claim to be a replacement for conventional spool valve flow control but
proposes the application  as an enhancement to provide for better flow and
actuator cantrol in poppet valve fined systems.  Poppet valves have better
tolerance to fluid contaminants, and the described techniques could be an
advantage. Ito application feature a method of "forcing" the poppet valve to
work in an almost  floating state to provide the valve a flow rate
proportional to the float position and minimising. the  closing impact and
reducing the sudden pressurespikes downstream A schematic of a typical
solenoid operated poppet valve is shown in Fig 5 Repeated electrical signals
as shown in Fig 7 are provided to energise the solenoid Energising the
solenoid coil causes the valve  plug to lift off the valve body, resulting in
fluid flow through the hydraulic valve. Accompanying the  flow is a pressure
pulse that correlates to the opening and closing of the plug and valve body.
this is  conventional knowledge. Poppet valves had, traditionally, been used
in fully open or fully closed  states. Conventionally, poppet valves were
energised to a maximum frequency that permitted the  valve plug to follow the
electrical signal. Due its the nature the maximum frequency was of the order
of 5H7 as depicted in our illustration with a C6rS valve. "Fast switching"
between the fully open to  fully closed states have been used to control the
average flow. this had in the past resulted in the  generation of unacceptable
levels of fluid borne noise due to the repeated pressure pulses as shown in
figure 6. When a PW.M signal is increased beyond its rated maximum response
frequency. the valve plug is  unable to keep up with the solenoid energising
and de-enerpising A critical frequency can be  observed for which the poppet
achieves a 'floating stale'. Within this phase the valve has a narrow  hand
for which flow control is achievable We have demonstrated this capability in
figure 4 and figure  7. This critical frequency occurs at a frequency of at
lout an order of magnitude higher than the  manufacturer's stated frequency of
response for a poppet in convention usage. The alternative of  varying the
frequency and maintaining the duty cycles is also a possibility, at about the
critical  frequency and duty cycle combination A proportional relationship
between flow and duty cycle, at tic du:' c-' <I. is dependent on a complex
interactions among the plug mass, solenoid excitation and fluid parameters. We
envisage extending  the proportional flow region with customised plug and body
profiles The valve plug is almost  "floated" at a position that is dependent
on the pulse width within the 'floating state, The pressure  spikes in the
system are significantly reduced, as observed by comparing Fig 6 and Fig 7.
when  operating at a lower frequency and at the critical frequency,
respectively. Since the valve plug  position determines the flow rate, a flow
rate proportional to the pulse width can be obtained. The  effects are .shown
in Fig 4, showing the effects of duty cycle and flow rate at the critical
frequency. By  a manifold arrangement shown in Fig 2 and a micro-processor
controller shown in Fig 7, a hydraulic  actuator can he actuated in a
bidirectional motion. 


