180

ISSN 1648-4142  TRANSPORT
http:/www.vtu.lt/english/editions

TRANSPORT — 2004, Vol XIX, No 4, 180-183

THE ASPECTS OF POSSIBILITY TO APPLY ALTERNATIVE FUEL
INJECTION SYSTEMS

Vytenis Naginevicius!, Vitas Lendraitis?

1Kaunas Technical College, Tvirtovés al. 35, LT-3009 Kaunas, Lithuania. E-mail: ktk@ktk.lt
2Kaunas University of Technology, Kestucio g. 27, LT-3004 Kaunas, Lithuania. E-mail: vitas.lendraitis @ktu.lt

Received 2004-01-30; accepted 2004-04-15

Abstract. In the report the short review of the constructional peculiarities of electro-magnetic fuel injectors is
discussed. The alternative mechanism constructions operated by vibrations and their operation principles are
described. The mathematical model of the system is created. The motion existence conditions as well as stable
and unstable moving element positions in the system are analyzed. The vibration excitation schemes in the stand-
ing wave mode and changing the tube fastening modes in the system are reviewed. The perspectives of new
construction development and application are defined.
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1. Introduction

Modern automobiles (mostly Otto engines) use
electro magnetic injectors to inject fuel. Their construc-
tion [1] and control, using the widened modulation are
rather complicated because of electro magnetic
histerisis [2]. To provide the sureness the comparably
complicated tasks are solved. We are going to discuss
in more detail the constructional and operational prin-
ciple of the alternative equipment which performs the
functions of the fluid flow and spraying valve. We have
in mind the vibratory valves the sealing element of which
gets the power from the vibrating element, such as the
sealing seat or the body of the equipment.

The greatest advantages of this equipment group
are the constructional simplicity, fast speed and the
application without any special requirements for the
fuel batching accuracy.

The disadvantages could be a relatively small run
of the sealing element regarding the valve seat and
the fact that the sealing element occupies unspecified
position in time for the direction predicted, i.e. the
position of the sealing element is not fixed when the
valve is opened. This eliminates the possibility to pre-
cisely regulate the debit of the fuel flow through the
seat. Besides, when the exiting element works at high
frequencies, the springing of the sealing element from
the valve seat is possible when the valve is closed. This
happens because of great difference between the self-
frequencies in the sealing element — a valve seat and a
sealing element — spring systems.

The main advantages of this vibratory equipment
show the wide potential of its application especially
when there is a possibility to design constructions
which provide the high run of the sealing element and
its fixed position regarding the valve seat.

Considering this fact, the patterns of the alterna-
tive fuel injection systems mechanisms are designed and
tested at KTK. The goal of this activity is to provide
teachers’ and students’ scientific research and, to some
extent, look for the realization of the results in practice
through scientific agreements.

2. New constructions

We introduce the construction of the vibratory
valve-injector based on the original operational prin-
ciple (Fig 1). Its purpose is to replace the electro mag-
netic fuel injector of complicated construction which
was discussed earlier. Our aim is to create a mathemati-
cal model of the valve-injector, to analyze the sealing
element stability in the tube of the vibratory valve, to
define the conditions for the motion, to select the place
for the valve seat fastening and to calculate the standing
wave stimulation modes in the tube selecting the electro-
mechanical converter and taking into consideration the
result analysis to optimize the constructional param-
eters and control modes.

The mathematical model of the valve-injector al-
lows to explain its principle of operation, i.e. to describe
the motion of the sealing element in the tube when the
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Fig 1. Vibratory valve-injector [3]

It is made of a tough thin-wall tube 1, input (inlet) channel 2,
output (outlet) channel-injector 3, valve seat 4, sealing
element 5 and vibration source 6

vibration is stimulated and to make the differential
motion equation of the sealing element (Fig 2). Here
we presume that the sealing element is moving through
the longitudinal axis of the tube, i.e. in the tangential
direction.

In the case of diametrical and longitudinal vibra-
tion stimulation, it is described according to the follow-
ing laws [4]:

& = Bsink (x+n) sin wt, (1)

N = A cos kx cos wt.

The differential motion equation is:

2

where u = x+n, v —motion coordinates of the absolute
sealing element; H— motion resistance force; P—force,
produced by external pressure; A and B — longitudinal
and diametrical vibration amplitudes accordingly; M —
sealing element mass; w —vibration frequency.
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Fig 2. Valve mathematical model

where E — Jung module of the tube material; I — tube
cross-section inertia radius; m — tube mass (a unit of
length).

In the case when A=0 and only diametrical vibra-
tions of standing waves are stimulated in the tube, we
can determine the condition of the motion existence:

P

0,25w>MkB? = sin 2« @
or,

kP

0,2502MKB2| <1 ©)

This means that the pressure force P decreases and
w, M and B increase the area of motion existence. This
shows that if a definite pressure force P is present, to
overcome it the sealing element the mass of which is M,
should get the appropriate frequency w and amplitude
B with the help of tube vibrations. This raises the re-
quirements for the source of the vibration stimulation
the importance of which we are going to discuss later.

The graphical interpretation of the conditions for
the motion existence is presented in Fig 3.

The range over the curve I exists when the duct
vibration frequency f = 1060 Hz, k= 0,44;

The range over the curve 2 —when f = 2100 Hz,
k= 0,55;

The range over the curve 3—when f =3260 Hz, k=
0,66;

The range over the curve 4 —when f = 5600 Hz,
k=0,7.

In the process of the differential equation solv-
ing [5], we find that the condition for the closing ele-
ment stability regarding the axis x is cos2kx < 0.

In the case when P>0 and the condition for the
motion existence is met, the values
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Fig 3. The conditions for the existence of the sealing
element motion in the tube
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are unstable, and

_Tn _

X2 = K X @
is stable.

Heren=1,2,3,...,n—whole number.

These values occur periodically along the tube
length.

Having calculated these values and having the
conditions of the sealing element motion existence,
we can explain the principle of the valve operation.
Fig 4 helps to illustrate it.

The operation principle is based on the excita-
tion of the diametrical vibrations in the tough tube,
creating the standing wave (Fig4). In order to increase
the vibration amplitude the frequency of the forced
vibration source 6 (Fig 1) must synchronize with the
tube, for example, the second vibration forms fre-
quency. The sealing element affected by the tube vi-
brations overcomes the force P, created by the pressure
and moves from the unstable position (from x, tox,) to
the stable position x,, which is at the maximum of the
tube vibration amplitude, so meeting the condition of
the motion existence (Fig 4b).The valve is opened and
the fuel, passing through the valve seat is splashed with
the help of vibration and the special nozzle. The valve is
closed opening the electrical control signal to the stimu-
lation source [5]. The force P presses the sealing ele-
ment to the valve seat (Fig 2).

The main evaluation criteria of the vibratory valve
operation are the motion law of the sealing element
during the transition process x(t), the speed of the seal-
ing element X (t), the length of the transition process
and the vibratory valve going off time t, i.e. high-speed-
ing (Fig5).

The length of the transition process is defined as
the time from the beginning of the process till the
moment when the inequality is met:

IX(t) = X(e0)| < AX(e) - ®)

Y

Fig 4. Valve — injector operation principle
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Fig 5. The motion law of the sealing element when two
self- vibration frequencies of the tube exist

Here AX()is the value which makes about 10—
30 % of the first leap value in the automatic control
system.

Going off time ¢ is the sealing element moving
time from the seat at the length.x ., which depends on the
cross-sectional area of the sealing element and provides
the fluid flow through the seat without pressure losses,
i.e. without throttle. x_ is usually selectedx >d /s. d —
seat leak cross-section.

The diagrams show that the length of the transi-
tion process goes down when self-vibrations are ex-
ited at higher frequencies.

Curve I —frequency f = 1060 Hz,

curve 2 — frequency f = 2100 Hz.

The conclusion can be made that the higher the
wave number k, i.e. the higher frequency of the duct
vibration, the lower vibratory valve going off time z_.

In Fig 6 the length oh the transition process and
the dependence on the vibration amplitude under
three self-vibratory frequencies are presented.

The curve 1 corresponds to the frequency f =1060
Hz; the curve 2 corresponds to the frequency f =2100
Hz;
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Fig 6. The length of the transition process and the depen-
dence on the vibration
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The curve 3 corresponds to the frequency f =3260
Hz.

The graphs illustrate the case when the increasing
vibratory amplitude of the duct increases the length of
the transition process and the run time of the vibratory
valve goes down.

The calculations also show that the length of the
transition process is slightly influenced by the coeffi-
cient of the resistance motion which depends on the
swampiness of the fluid used.

For the excitation of the vibration the piezo-ceramic
converters are used, selecting various excitation force
adding places. Two of them are presented in Fig 7.
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Fig 7. Schemes of excitation addition and tube fastening
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The case b is more reliable in the automobile be-
cause it is tougher and more shockproof b. This pro-
vides the higher proper frequency which increases the
opening force more efficiently than the vibration am-
plitude (see: Motion existence condition).

Piezo — ceramic converters are operated by the rect-
angular pulses which are generated from the supply.

The position of the tube vibration unit can be
switched by changing fastening conditions, for example,
fastening the source of the diametrical vibrations in the
one end of the tube and the source of the longitudinal
vibrations in the other end.

The construction with the variable inner cross-sec-
tional area of the tube in comparison to its length pro-
vides the different debit of the fuel flowing . Here the
closing element position is regulated by the vibration
amplitude.

The vibrating valves have very simple construction
and small dimensions. They are cheap, fast - moving, do
not require special forms of control signals.

We introduce the technical characteristics of the
valve-injector:

fuel pressure, bar 8
frequency of the resonant vibrations kHz 5,6
opening duration, ms 2
power used, W 2
switching frequency, Hz up to 100
dimensions, mm 60x10x10

3. Perspectives of development

The following disadvantages were noticed during
the testing:
*  piezo-ceramic converters provide relatively small
vibration amplitude;

» fastening of fuel supply hose to the valve-injector
remains problematic, what changes the toughness
of the construction and the resonant vibration fre-
quency.

That’s why the main future development guideline is
to improve the resonant converter construction which op-
erates on higher frequencies and higher amplitudes and to
work out the computer programs for the calculation of
optimal tube constructional parameters.

In order to avoid the problems of fastening the fuel
supply hose to the vibratory valve duct the principle of
fastening the hose to the tube last plane in applied.

This principle in shown in Fig 8.
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Fig 8. Principle of hose fastening: 1 — hose fastening cap,
2 — fastening element, 3 —seal, 4 — tube

4. Conclusions

The analysis of the valve-injector construction and
operation principle shows the positive sides and the sides
which need further improvement. At present it is hard
for these constructions to compete with traditional ones
because they are not fully investigated and unfamiliar,
but they haven’t lost the right to be further investigated
and developed. The reason for this is their construction
simplicity, small dimensions, cheapness and the variety
of their application.
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