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METHOD FOR FORMING INK DROPLETS IN INK-JET

TYPE PRINTER AND INK-JET TYPE RECORDING DEVICE

BACKGROUND OF THE INVENTION

The present invention relates to an onedemand type ink-jet
recording device and, in particular, to a technique for driving
a recordiﬁg head of an on-demand type ink-jet recording device.

A conventional on-demand type of ink-jet recording device
has a recording head whlch includes a plurality of pressure
generation chambers for generatlng an lnk pressure by means of
piezoelectric vibrators or heating elements, a common reservoir
supplying ink to the respecti#e pressure generatien
chambers, and nozzle openings cemmunicating'with the respective
In the recording head a dfive

pressure generation chambers.

signal 1is applied to the pressure generation chambers

corresponding'to a print signal to thereby jet out ink droplets
from the nozzle openings onto a recording medium.
Such an ink-jet recording head can be classified into two

types: one a bubble-jet type in which a resistance wire, as

' pressure generation means, generates Joule heat in a pressure

genere;ion chamber responsive to a drive signal, and the other
a piezoelectric vibration type in which part of a pressure
geﬁeration chamber is'formed by a diaphragm and the diaphragm
is compressed and shiffed'bY'means of a piezoeleetiic vibrator.

- Since the former tYpe utilizes the vapor pressure of the
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This inyention is directed to novel conpositions useful as |ubricant

addi tives which conprlse terpolyners of a high nol ecular. weight olefin, an
unsaturated acidic nonérfér and a di- or polyunsaturated reactant. The
terpolyners of the present invention are useful as starting materials for
t he preparation of dispersants used in |lubricating oil conpositions or as
di spersants thensel ves. The dispersants of the present invention also
advant ageously inpart fluidity nodifying properties to |ubricating oi
conposi tions which are sufficient to allow elimination of some proportion
of the visgaRrit ¥olN@et | RRHPBLETzdd Oniﬁélﬂaht@ﬁééﬁbﬂ.?g Qide CaOSthéOngewhi Ch

contain these dispersants. BACKGROUND
generation of the resistance wire, only a small quantity of ink
in the form of droplets can be jetted out, which makes it
possible to realize printing at a high resolution as wéll as
5 - guick drying of the ink droplets. However, the heat generation
of the resistance wiré can cause the ink and recording head to
deteriofate in quality readily.
According to the latter type, since no heat is generated,
the quality of the ink is not deteriorated by it, the recording
10 head can enjoy a semi-permanent life, and qperating costs are
low. .On the other hand, due to the fact that there is required
a sufficient volumetric change to allow the generation of the
ink droplets, the quantity of the ink droplets is great and the
time necessary to dry-the ink dioplets is long. |
15 Also, in the latter type, due to the fact that the volume
of the pressure gener_atibn chamber is abruptly changed to
thereby generate pressure, the ink is caused to fly in a
column-like stream (similar to water shot from a water pistol),
| so that there is a time _c_liffetence or a speed difference
20 between the leading and trailing end portions of the flying
ink, with the result that unwanted small ink droplets are
generated, causing the printed dot to bé distorted.
In order. to solve the above-mentioned problems, as
disclosed in Japanese Patent Publication No. Sho'.. 59-133067,

25 there has been proposed a techniqie in which, after application

This Sheet Has Been |Ieﬂlaced




Chem cal, additives for lubricating oils are used to control the physical
and chem cal properties of the oils. These additives are used to nodify
pil viscosity and viscosity index, to. nmake the oils nbie resistant to

oxi dation, and to keep englnes and ot her nmechani cal equi pnent . cl ean and
protected against corrosion and wear, and keep particulate matter dispersed
to mnimze or elimnate sludge and deposi ts.

of a drive signal to generate ink droplets, an auxiliary pulse
is applied at a predetermined time instant to theréby forcibly
stop the jetting-out of the ink in order to reduée the size of
the ink column.

5 According to this technique, the generation of the small
ink droplets incidental to the tail end of the ink column is
prevented, that is, the generation of so-called "satéllite“ ink
droplets is prevented, so.that the printed dots can be made
circular.

10 | However, in this fechnique, since it is necessary to
generate two types of pulses, that is, the drive pulse and
auxiliary pulse at respective timings, the structure of the
drive circuit is complicated.'_Also since the piezoelectric
vibrator is driven against the inertia of a member.forming a

15 pressure generation chamber, a high force acts on the
piezoelectric Qibrator and the préssure generation chamber
forming member, which results in a reduced life of the

recording head.

SUMMARY OF THE INVENTION
20 The present invention is directed towards eliminating the
problems in the above-mentioned conventional ink-jet recording
devices. Accordingly, it is an object of the invention to
provide an on-demand type ink-jeﬁ recording device which does

not apply an unreasonably hidh force to a piezoelectric
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2 , Hydrocarbon-based chem cal additives are designed for specific
functions by choosing a hydrocarbon type and nol ecul ar wei ght range or

ol ecul ar wei ght dlstrlbutlon to allow the additives to.function in the
fluid type of interest.*For instance, high nolecul ar weight polynmers can
be used to increase viscosity and viscosity index of mineral oils or
synthetic oils. Polar head soups can be designed to be attached to | ow or
hi gh ol ecul ar wei ght hydrocarbon tails to achieve detergency,

di spersancy, antiwear or anticorrosion perfornance.

Al kenyl -substituted succini c anhydri des have been used as dispersants. Such

al kenyl subglblrdites awaCanpeeanliyer yeAsridyenbenampeePEoetifg masmbdir | eent
processes, a thermal process, referred to herein as "ene chem stry" (see,

e.g., U S cBat eridute3&heé /Bengttld af ChhRkr diaplets pjaness £868, tReJnozdle
Patent 3,172,892). The pol yi sobutenyl succinic anhydride ("PlIBSA")
openings, that is, the length extending from the leading end to
the trailing end thereof, or a time difference between the
5 passing of the leading and trailing ends of the ink droplets,
to theréby form spherical droplets and circular dots on_the_
printed page.
In attaining the above and other objects, according to the
invention there is provided a method for driving an ink-jet

10 recording head including flow.path forming means having a
nozzle opening and adapted.to be able to vary the volume of a
pressure generation chamber by means of a piezoelectfic
vibrator when the chémber receives ink supplied from an ink
reservoir, the method .comprising a first step of expanding the

15 pressure generation chamber to thereby suck in ink, a second
step of contracting the pressuré generation chamber at a first
speed, and a third step of contracting the pressure generation
chamber at a second speed swit¢hed from the first speed, the
first speed being set smaller than the second speed.

20 After a given period of time from the beginning of ink
jetting, the contracting speed of the pressure generation
chamber is increased to thereby enhance the ink jetting speed.
As a result, ink can be jetted out continuously in such a

manner that the ink follows and catches up with the leading end

25 of the ink jetted out previously.' For this reason, the speed
eetHas‘Bﬁ‘eIn llTﬁiced : -4 -




produced by the thermal process has been characterized to contain a double
bond in the product. The chlorination process PIBSA's have been
characteri zed as nmonone#g containing either a double bond, a ring, other
than a succinic anhydride ring and/or chlorine in the product. See J.
Will and B. Sillion, "Reaction of Chlorinated Polyisobutene with Maleic
Anhydri de: Mechani sm Catal ysis by Di chl oromal ei ¢ Anhydri de", Revue de
| " Institut Francais du Petiole, Vol. 40, No. 1, pp. 7789 _
(January- February, 1985). Such conpositions include one-to-one nononeric
adducts' (see, e.g., U S. Patents 3,2 9,666; 3,381, ,022) as well_as adducts
havi ng poI9&#?85&%°&e%§ﬁﬂ?e%u5§?i Géaﬁ§gaamﬂnE%?%}%ﬁgaFWQ§nﬂf1?99 ink
succi ni c groups _per polyal keny| giriv d iﬁﬁétituen see,. .e.g., U.S ’
Patont 4, 2531038 L5 JEFHARFAT) TO HIEEERE AL S SHASTHA b dSH) AsoRISS to
sever al cggggﬁckgg %E%Q?&%i% %%@EE%S di spersants, including succinimn des,
succi nat es;y “succi nat € esters, ,
BRIEF DESCRIPTION OF THE DRAWINGS
5 Fig. 1 is a section view of an embodiment of an ink-jet
type recording head to which the invention is applied;

Figs. 2(I), 2(II). and 2(IlI)are respective explanatory
views depicting an ink droplet generating process performed by
the above ink-jet type recording head;

10 Fig. 3 is a block diagrém of an embodiment of a drive
device employed in a recording device according to the
invention;

Fig. 4 is a circuit diagram of an embodiment of a drive
signal generation circuit included in the above drive device;

15 Fig. 5 is a timing chart of. the operation of the above

drive device; b |
Figs. 6(A) and 6(B) are —respectively (graphical
representations of the changes with time of the voltage applied
to the piezoelectric vibrator_énd the changes extension and
20 contraction speed with time, illustrating a case in which a
drive waveform in the above drive device is applied to an

actual device;

Fig. 7 is a view of simulations of the flying states of

ink droplets obtained when an inik-jet type recording head is

I —
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and-triazoles. In the formati on of succinimdes, the PIBSA is reacted with
a polyamne to forma structurally conpl ex m xture mhlch can contain

i mde, amide, imidazoli*he-and di am de groups.

3 U S. Patent 5,112,507 discloses a copol yner of an unsaturated
acidic reactant and a high nolecul ar weight alkylvinylidene olefin havi ng
a sufficient nunber of carbon atons such that the resulting copolyner is
soluble in lubricating oil and wherein the olefin has at |east about one

driven by means of a drive signél accoiding to the invention;
Fig. 8 is a view of simulations of the flying states of
ink droplets obtained when an ink-jet typé recording head is
driven by a conventional technique; |
5 Figs. 9(A) and (B) are graphical representations of the
changes with time of the voltage and the extension and
contraction speed of a piezoelectric vibrator in another
. embodiment acco;ding to the invention;
Fig. 10 is a section view of an embodiment of another type
10 of'ink-jet recording ﬁead to which the present invention can be
applied;l
Figs. 11(A) and (B) are graphical representations of the
changes with time of the voltage applied to the piezoelectric
vibrator so as to drive the above recording head of the
15 invention; and - the chahges with time of the extension and
contraction speed of the piezoeiectric vibrator;
| 1Fig. 12 is a circuit diagram of another embodiment of a
drive signal generation circuit employed in the present
invention; and.
20 Fig. 13 is a waveform chart of the operation of the above

device.

DESCRIPTION OF THE PREFERRED EMBODIMENTS

A description will be given hereinbelow given in detail of

the invention by way of preferréd embodiments thereof.

eet Has Been Rep. laced '
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branch per two carbon atons al ong the chain. U S. Patent 4,873,009
di scl oses a lube oil dispersant obtained by reacting a Jerr] to (Jerr]
pol ybut ene succini c aci d:or anhydri:de conpound and a hygdr'oxypropyl at ed
al kyl ene di am ne, the - difani ne bei ng the reaction product of propylene
oxi de and an al kyl ene di am ne. This patent also discloses that the
di spersant contains boron at a |evel which inproves the conpatibility of
the . dispersant toward fl uorocarbon engi ne seals. U S. Patent
5, 080, 815 di scl oses a di spersant conposition conprising the reaction
product obtained by reacting a (Jerr] to Cferr] hydrocarbyl-substituted
succi ni ¢ anhydr Re€eirtihg 216 ANl fdi tRere is showhUladpesibd¥imeht of an
Application No. O 657 475 discloses copol yners of unsaturated acidic
ink-jet recording head which is driven by a head drive circuit
according to the invention. In Fig. 1, reference numeral 1
designates a pressure generation chamber formed by a nozzle
5 plate 3 having a nozzle opening 2 therein, a vibration plate 4
in contact with the leading end of a piezoelectric wvibrator
(described below), and a spacer 5 held between the nozzle plate
3 and vibration plate 4. The pressure generation chamber 1
receives ink through an ink supply port 6 from a reservoir 14
10 which is' connected to an ink tank (not shown).
Reference numeral 7 designates the above-mentioned
piezoelectric vibrator. In the present embodiment, the
vibrator 7 is constructed in a laminated structure in which a
piezoelectric material 8 and electrode-forming materials 9 and
1s _ 10 are arranged in a sandwiched manner. The vibrator 7 further
includes an inactive area which does not contribute to
vibration and is fixed to a fixing base plate 11. The fixing
base plate 11, vibration plate 3, spacer 5 and vibration plate
4 are fixed together'integrally through a base member 12 to
20 thereby form an ink-jet recording head.
In the ink-jet recording head constructed in this manner,
when a voltage is applied to the electrodes 9 and 10 of the
piezoelectric vibrator 7, the piezoelectric vibrator 7 is

caused to extend toward the -nozzle plate 3 to displace the

25 vibration plate 4, so that the volume of the pressure
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reactants and high nol ecul ar weight ol efins as useful dispersants in

| ubricating oils. The ratio of anhydride groups to the hydrocarbon groups
in these copolyners is disclosed as being at |east - 1.3. PCT
Application No. 95/07944 di scl oses copol yners conpri si ng nonoet hyl enically
unsat urated di carboxylic acids, oligonmers of propene or of a branched chain
olefin of 4 to 10 carbon atons having a nol ecul ar wei ght of from 300 to
5,000, and at |east one nonoet hyl eni cal | y unsat urat ed conmpound which is

copol yner i zahlf-a iidh tMRambear ROXY iedfddl. CRMBERSNL AN JY OPENGQOKI GTET
conponent I's patent application discloses the use of the pol ynmers as
addi tives fodevildid GaMdppRI6d f U6l Ehe piezoelectric vibrator 7 and, from
thig state, if the bias voltage is decreased to 0 V, then the
piézoeléctric vibrator 7 is caused to contract. This draws the
5 meniscus of the nozzle opening toward the pressure generation
chamber 1 and, at the same time, the ink in the reservoir 14 is
allowed to flow'through the ink supply port into the pressure
generation chamber 1. Subsequently, if the bias voltage is
increased, then the'piezoelebtric viﬁrator 7 is expanded to
10 thereby cauée the vibration plate 4 to compress the preSsure
generatibn chamber 1. As a result, the ink in the pressure
generation chamber 1 is pﬁshed out into the nozzle opening 2
and ink supply port 6. That is, the leading end portion-a of
the ink is projected out from the nozzle opening 2 (Fig. 2(I)),
15 then it follows the displacement of the vibration plate 4 and
is jetted out in the form of a liquid column (Fig. 2(II)). The
liquid column is broken off after expansion of the
piezoelectric vibrator 7 is'stopped. The trailing end éortion
c of the liquid column is discharged from the nozzle opening 2
20 in a such manner to chase the leading end portion'a (Fig.
2(II1)). The liquid column flies toward the recording paper at
the speed of expansion of the piezoelectric vibrator 7, that
is, at a speed proportional to the raté of contraction of the
pressﬁre generatioh chamber 1, forming a dot on the recording

demp

25 paper.
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4 U S. Patent No. 4,234,435 discloses the use of carboxylic acid
acyl ati ng agents which are derived from pol yal kenes such as pol ybut enes
and a di basic carboxyli Gi¥eactant such as maleic or fumdfic acid. The
acylating agents are further characterized by the presence, within their
structure, of at least 1.3 groups derived from a dibasic carboxylic
reactant for each equival ent weight of the polyal kene. The acyl ati ng
agents are then further reacted with polyanines or polyols to produce
derivatives that are useful as lubricant additives or as_lnternedlates to

be In Fig. 3 there is shown an embodiment of a drive circuit

which is used to drive the above~-mentioned recording head. 1In
Fig. 3, reference numéral 20 designates a print control
circuit. A timing signal from an external device is input to
5 a terminal 21 of the print control circuit 20, and a print
signal from an external device is input tola terminal 22. The
print control circuit 20 outputs.a latch siénal from a terminal
23, a print signal from a terminal 24, and a shift clock signal
from a terminal 25.
10 The print signal from the terminal 24 is shifted by the
| shift clock signal from the terminal 25_‘through flip-flop
circuits 26 sequentially, and also is temporarily stored and
held by the latch signal from the terminal 23 in flip-flop
circuits 27.

15 - Reference numeral 30 designates a drive signal generation
circuit which generates a drive signal identical to the fiming
signal input to the terminal 21 from the external device and
outputs the .drive signal to the one-side electrodes of
respectively connected piezoelectric vibrators 7 in parallel to

20 a terminal 31.

In Fig. 3, reference numerals 29 designate switching
transistors which are connected between the other-side
electrodes of the piezoelectric vibrators 7 and ground. The

switching transistors 29 are turned on responsive to signals

25 from the flip-flop circuits 27, &hd apply the drive signal from
I 9




subjected to post treatnent with various other chem cal compounds.
U S. Patent No. 5,356,552 discloses a lubricating oil conposition which
conprises a mnor anount, of a polyam no al kenyl or al kyl> succi nim de
wherein the succinim de- conprlses the reaction product of 1) an al kenyl or
al Iyl substituted succinic anhydride derived froma polyolefin having an
average nol ecul ar weight of from2,000 to 2,700 and a pol yal kyl ene
pol yam ne havi ng an aver age nitrogen atomto nolecule ratio of greater than
4.0 and wherein the reaction product is post treated with a cyclic
car bonat e. U S. Patent No. 5,454,962 discloses a dispersing agent
made by reghel ngramenogtignadi ngenertitianhydieecarilty| 39ubshi t thed sedected
acid or anhydride in a nole ratio of fromabout 0.4 to about 1.2 noles of
t he am nogpdekdelecteri oriidmsftordse &ucci ni ¢ aci d conmpound.
Referring now to Fig. 4, there is shown an embodiment of
the above-mentioned drive signal generation circuit 30, in
S which, when the timing signal is input to the terminal 21, a
transistor 40 is turned on and, in cooperation with a
transistor 41 which is paired with the transistor 40 to form a
current mirror circuit, the transistor 40 charges a capacitor
43 with a given current whose magnitude is determined by a
10 resistance 42. The terminal voltage of the capacitor 43
generated in this charging process is amplified by a circuit
composed of the tranSistors_44 and 45 and is then applied to
the terminal 31.
When the capacitor 43 is charged up to 30 V in this
15 manner, a diode 46 starts to conduct} and thus the terminal
voltage of the capacitor 43 is held at a constant voltage, that
is, at 0 V. |
After a-given time has passed and thus theltiming signal
rises, the transistor 40 is turned off and, at the same time,
20 a one-shot multivibrator 47 is operated at the rising edgé of
the timing signal. This causes a transistor 48 to turn on and,

therefore, transistors 49 and 50 are also turned oh, so that

the capacitor 43 is discharged with a given current whose

magnitude.is determined by a resistance  51. ‘The terminal
25 voltage of the capacitor 43 resulting from this discharge is )
SR
BeeﬂR laced :
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Mul tigrade |ubricating oils must sinultaneously neet both | ow and high
tenperature viscometric requirenents. The high tenperature requirenent
Lknsures the Iubrlcatlng 0il maintains sufficient protegtive thickness
during engi ne operati.on, while the | ow tenperature requirenent insures oi
punpability in cold climates. Miltigrade lubricating oils are typically
designated as foll ows: 5WB0, 10WBO, 15W0, etc. The first nunber in the
sequence is associated with the |ow tenperature viscosity requirenent as
measured by a cold crank simul ator

amplified by the two transistors 44 and 45, and it is then
output to the terminal 31.
Once a time period determined by the one-shot
multivibrator 47 has passed, the transistor 48 is turned off,
5 and at the same time a. one-shot multivibrator 53 is operated
and a transistor 54 is turned on. This causes transistors 55
and 56 to turn on. The capacitor 43 continues to discharge
with a given current determined by a resistance 57. The
terminal voltage of the capacitor 43, which varies according to
10 the resistance 57, is amplified by the transistors 44 and 45
and - then output to the terminal 31.
By switching between the two discharge resisténces 51 and
57 in the discharge procesé in the above-described_manner; the
absolute values of the-differential coefficieﬁts of the voltage
15 signals V1 and V2 applied to expand the piezoelectric vibrator
7 are caused to vary with time. As a résult, as the
piezoelectric vibrator 7 is expanded, its expansion speed is
increased from S1 to §2, and thus_the displacement speed of fhe
vibrator 4, which is mounted on the piezoelectric vibrator 7,
20 is also increased. |
Consequently, the ink preésure generated in thg pressure
generation chamber 1 is also increased so that the speed of the
ink column is increased as time passes when the ink column is

ejected from the nozzle opening 2.

25 - In the above-mentioned d:ivé'éignal generation circuit, if
Sheet Has Been Replaced
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5 (CCS) .at high shear, while the second nunber is associated with the high
tenperature viscosity requirenent (typically the 100[err]C kinematic
viscosity). ASTMrequirenments establish the viscosity #imts for specific
nmul tigrades oils (e. g. a 5WB0 oil requires a -25 [err]C CCS of < 3500 cP
and a 100[err]C viscosity of 9.5 to 12.4 cSt.) The dual

tenperature visconetric requirenents for

maj or challenge to oil fornulators. Forrmulators utilize viscosity index

I nprovers to address

mul tigrade notor oils presents a

mul tigrade oil specifications. Conventional viscosity

t ndex i nprovers are oil soluble high nolecular weight polyners that afford

- signi ficantnhki neipid Ctan &€ 06kt tHeN L1 tOr Pase i | sxpr¥bseasidsyy ¢Ndexe
| nprovers contribute nore to the high tenperature viscosity of base oils

than to

10

15

20

25

current for charging the capacitor 43 as I., the value of the

resistance as R,, the value of the resistance 51 as R¢;, the

value of ﬁhe resistance 57 as Rg,, the base-emitter voltages of
the transistors 40, 50 and 55 as Vipe.s0r Vipe-so and Vy..s5, the
discharge current through the resistance.51 as iﬂ, and the
discharge current the resistance 57 as Ig, then the following
equations are obtained: |

I. = Vbe-l.b/R:

Is1 = Vieso/Rey

It2 = Vie.ss/Re

T =C x Vg/I.

Trarry = C x Vg/Ig

Tearz = C x Va/Ig

Figs. 6(A) and 6(B) show the relation between the.changes

with time of the appl_ication voltage of the piezoelectric

vibrator in an actual device constructed according to the

above-described embodiment of the inventive drive device and
£he expansion and contraction speed of the piezoelectric
vibrator due to the application voltage, that is, the
volumetric speed of the pressure generation chamber. 1In Fig.
6(A), a signal V1’ having a given gradient just before the
jetting out of the ink droplets is applied for a period of time
of 4 us, and then a signal Vé' having a largér gradient than

the given gradient is applied'.' This causes the piezoelectric

is Sheet Has Been R
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the *low tenperature viscosity of base oils. Solution properties of high

nol ecul ar wei ght polyners tend to afford | ower viscosities in high shear

envi ronment s. {The base oils utilized for |ubri%&ating conpositions

have characteristic natural viscosities. Whi | e bl ending base oils of

di fferent natural viscosities may nmeet the high tenperature viscosity

limts for a nmutigrade oil, the resulting blend nmay exceed the required | ow

tenperature viscosity. A bal ance of viscosity index inprover and base oi

is often enployed to achieve a desired nul tigrade oil . The

bal ance of base and viscosity index inprover can present |imtations.
REsEon be

| ncor porat ' eftarbuhts P%W%%Q%l? 8 fksed §ir dfer premple, 2.7

l'ubricatin I,s_t,0.addr.ess tyre requirenents, can result in
exceedi ng hgbz Fénﬁ@?étﬁ?&e%eau%?@ % ahFFe ?ﬂeexPan at a speed S2

_ (for example, 7.3 x 102 m/s) which is greater than the speed
S1 (Fig. 6(B)).

5 As a result, as shown in Fig. 7, with respect to the speed
distribution of an ink column at the instanﬁ the ink column
parts from the nozzle opening, the average speed of the ink
droplet leading end is 7.6 m/s, ‘and the average speed of the
ink droplet trailing end is 4.4 m/s, so that the difference

10 between the speeds of the two ends is 3.2 m/s.

On the other hahd, in a conventional drive technique which
uses a drive voltage of a trapezoidal waveform in which the
gradient of the drive signal is held constant, with fespect to
the speed distribution of an ink column at the instant the ink

15 colﬁmn parts from the nozzle opening (Fig. 8 (II)), the average
speed of the ink droplet leading end is 11.1 m/s, and the
average speed of the ink droplet ttailing end is 3.5 m/s, so
that the difference between the speeds of the two ends is 7.6
m/s. |

‘20 | As can be clearly understood from the above data, in
accordance with the driving méthod according to the invention,
when compared with the conventional driving technique, the
speed of the leading end of the ink droplet is small while the

speed of the trailing end thereof is greater than the leading

25 end speed, so that the difference between the speeds of the
_ T T Peeed
Has Been Re; laced
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use ‘'of a-lower natural viscosity base oil can inprove the |ow tenperature
vi sconetrics, the |ower natural viscosity base oils can result in
performance debits. Lower natural viscosity base oils are not -as
effective in diesel engines and are nore prone to vol atiTi zati on.

6 The di spersant additives incorporated into |lubricating _
conpositions to nmaintain engine cleanliness and prevent harnful deposits
often have an antagonistic effect on the visconetric requirements of.

mul tigrade oils. The typical dispersants treat rates required to provide

adequat e . _
leading and trailing ends of the ink droplet can be reduced by

one-half or less.

In othef words, in the case of fhe ink column produced

according to the invention, at the instant the trailing end

5 thereof parts froﬁ the nozzle opening, the leading end has
reached only a distance of the order of 500 um from the nozzle
opening (see Fig. 7 (VIII)).. On the other hand, in the case of
an ink column produced according to the conventional driving
technique, the leading end thereof has flown 500 um or more,

10 that is, as can be clearly seen fr&m Fig. 8 (VII), it has flown
outside of the view of Fig. 8.

Also, according to the invention, due to the fact that the
speed variation from the rest state of the ink just before
generation of the ink droplet to jettihg out of the ink droplet

15 can be set smaller than in the conventional driving method, the
shock acting on the piezoelectric.vibrator and vibration plate
at the time of jetting out of the ink droplet can be made
smaller. This reduces.the fatigque of the vibration plate and
piezoelectric vibrator and also réduées the shocks that are

20 - propagated to other adjoining pressure generation chambers
thereby to reduce crosstalk.

In the preseht .embodimént, the timing signal for
generation of the drive signal is produced by the dri?e signal

generation circuit. Alternativély, however, the timing signal

25 may be generated by the'control signal generation circuit. 1In
T - -




di sper saricy i ncrease both the |ow and high tenperature viscosities of base
oil's. -Generally, the dispersants have a nore pronounced effect on the |ow
t-enperature viscosity t'hian on the high tenperature viséosity, which can
result in an increased |ow tenperature viscosity which exceeds or
~approaches the required limt. Formulation of nultigrade notor oils becones
increasingly nore difficult wwth this inherent dispersant antagonistic | ow
tenperature visconetric effect. A delicate balance of viscosity index
I mprover and increasing proportions of undesirable |ow natural viscosity

base oils ithief ke el wed1} 0 1addrsess &t hehbe EOWfﬂﬁiéﬁﬁﬁbéfﬁﬂeEghgﬁg

visconetric requirenents of notor oils. The polyneric dispersants o
current inpebiiided. npart excell ent bIendlng versatility to lubricating
oils. The polymeric dispersants of the current invention afford excellent
| ow t enper at ur eAlisegoneini cthehi | deperiiptiong td® uxhedf above-mentioned
embodiment, for the purpose of simplifying the description, two
5 gredients are employed for the drive signal te be applied when
the piezoelectric  vibrator is expanded. However,
alternatively, as shown in Figs. 9(A) and 9(B), there can be
employed three or more gradients, the absolute valués of which
increase with time. 1In this case, three signals V1’, V2’ and
10 - V3’ differing in the absolute values of the differential
coefficients thereof from each other are applied to the
piezoelectric vibrator so that the piezoelectric vibrator is
expanded at speeds Si, S2 and S3 which increase gradually. As
a result, the speeds .of the leading end,.central portion and
15 trailing end of the ink column can be made to approach further
to each other so as to more surely érevent generation of so-
called "sate;lite" ink droplets, that is, unwanted very fine
ink droplets. _ |
Further, in the above embodiment there is- employed a
20 piezoelectric vibrator which expands when a voltage is applied
thereto.. However, as shown in Fig. 10, a similar effect can be
obtaihed in the case of an ink-jet recording head of a type
that a piezoelectric vibrator is contracted to thereby expand
a2 pressure chamber when a drive signal as shown iﬁ Figs. 11(A)

25 and 11(B) is applied to the pieZvelectric vibrator.

is Sheet Has Been Replaced L 15 -
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advant ageous hi gher natural viscosity base oils. Thus, the polyneric
di spersants of the present invention facilitate the fornulation of
mul tigrade oi.ls versus c¢onventional dispersants. +The prior art
fails to suggest or disclose the novel terpolyner of the present i nvention
whi ch conprise a high nol ecul ar wei ght polyol efin, an unsaturated acidic
reactant, and a diene. The naterial of this invention are thus an _
i mprovenent over conventional dispersants because of their effectiveness
as dispersants in the Sequence VE engine test coupled with their
denonstrated enhanced bl ending versatility. The terpolynmers of this
i nventi on are dMerepwerveinnthladbomeyembodbimpotata dedcription has been
pol yunsat urated nmononer which serves to inhibit the formation of gels and
given of a case in which first the pressure generation chamber
1 expands and then it contracts. However, it is obvious that
a similar action can also be obtained when the invention is
5 applied to an ink-jet recording head in which, at the time when
the timing signal is output, the pressure generation chamber 1
contracts to thereby generate an ink droplet and thus form a
dot and, after the dot is formed, the pressure generation
chamber 1 expands to its original state.
'10 Referring now to Fig. 12, there is shown an embodiment of
a drive signal generation circuit suitable for the latter type
of recording head. In Fig. 12, when a timing signal is input
to a terminal 60 (Fig. 13, TO0), then a transistor 61 is turned
on to thereby turn on a transistor 62. As a result, the
15 transistor 62, in cooperation with a transistor 63 which is
paired with the transistor 62 to form a current mirror circuit,
charges a capacitor 65 with a given current whose magnitude is
determined by a resistance 64. The terminal voltage of the
capacitor 65 produced in this charging process is amplified by
20 a circuit comprising transistors 66 and 67, and is then output
to the terminal 31 as a signal V1. When the signal V1 is
applied to the piezoelectric vibrator, the piezoelectric
vibrator expands according to.a-differential value determined’
by the value of a resistance 64, thereby generating an ink

25 droplet.
-
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7 avoi ds:-the use of troubl esone solvents in the preparation of the

pol yneric dispersants of this invention. SUMVARY OF THE | NVENTI ON

In general, the presentsiznvention is directed to novel &8hpositions useful
as intermediates for.lube oil and fuel additives which conpri se
‘terpolynmers of a high nolecular weight olefin, an wunsaturated acidic
reactant and a di- or polyunsaturated reactant ("diene reactant”). Another

Since the timing signal falls at a time Tl after a given’
time has elapsed, the transistor 61 is turned off, while there
is output a pulse signal from a one-shot multivibrator 70 to
thereby turn on a transistor 71. When the transistor 71 turns

S on, then a_transistor 74, which is paired with the transistor
71 in a current mirror circuit, is turned on and thus continues
.to charge the capacitor 65 with a given current determined by
the value of the resistance 74. The terminal voltage of the
capacitor 65 is amplified by the transistors 66 and 67, and is
10 then output to'the terminal 31 as a signal V2, with the result
that the piezoelectric vibrator 7 expénds up to a time T2
according to a differential value determined by the resistance
74.
| The signal is set by selecting the value of the resistance
15 74 such that the absolute value of the differential value is
greater than that of the signal V1 just before the signal V2.
That is, as described before, the signal V2 ailows generation
of an ink column including a portion having a higher speed than
that of the leading end of an ink column generated by the
20 signal V1.

In this ménner,'at the time T2 when the capacitor is
charged up to a drive voltage Vi, @ given voltage ié
maintained. When a puise signal from the one-shot

multivibrator 70 rises (T3),.the transistor 71 i$ turned off.

25 Then, a pulse is output from a~dne-shot multivibrator 75 to
is Sheet Has Been Replaced



aspect of
t er pol yner
t er pol ymer

the present invention is directed to the functionalization of the

s into novel - .crankcase and fuel additives. There is disclosed a

conprising ah:unsaturated acidic reactant, a’high nolecul ar

wei ght olefin and a di ene reactant wherein the high nol ecul ar wei ght
ol efin has a sufficient nunber of carbon atonms such that the resulting

t er pol yner
di scl osed
i nvention
The i nvent

is soluble in lubricating oil. . There is further
a pol ysuccinim de prepared by reacting the terpolyner of this
wi th a pol yam ne having at |east one basic nitrogen atom

ion furth lates_t t-treated product, d .
oracess hFBRn SR RRelT 3 Thy S, @ LIcle A are e da MELCh s

-accordance_with,t he

nyenti_on _wi.t

' - ' | f
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discharge the capacitor 65 with a given current whose magnitude

is determined by a resistance 78. The terminal voltage of the

capacitor 65 in this discharging process is current amplified

by the transistors 66 and 67, and is then output to the
terminél 31, thereby causing the piézdelectric vibrator 7 to
contract at a given speed. As a result, the pressure
generation chamber 1 expands to its original state and, during
this process, ink is supplied from the reservoir to the
pressure generation chamber so as to prepare for forming the
next dot. |

In the above embodiment; 2 description has been given of
a case in which the'degrée of expansion of the piezoelectric
vibrator is proportional to the rate of contraction of the
pressure generation chamber. It is also obvious that, if_there
exists a non-linear relation between the degree of expansion of
the piezoelectric vibrator and the rate of contraction of the
pressure generation chamber, then the increment of the drive
voltage may be set in consideration of the non-linear relation.

‘Also, in the aone embodiment there are used a blurality

of discharge resistances and a plurality of switching circuits

for selecting the discharge resistances, and the switching

circuits are selected and switched by use of the timing signals

to thereby vary the gradient of The drive signal. However, it
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conpounds, boron conpounds, nono- or pol ycarboxylic acids and derivatives
t her eof . The hi gh nol ecul ar weight olefin has a sufficient nunber

of carbon atons so as tq.result in a terpolymer which7is soluble in
lubricating oil and is derived fromthe oligomerization or _ _
pol ymerization of Cferr] to C(ferr] alpha olefin nononmers. Suitable olefins
I ncl ude those havi ng about 25 carbon atons or nore, preferably having
about 60 carbon atons or nore. The preferred high
is clear that a similar action can be obtained in another
manner in which analog switching circuits are driven' in
accordance with a signal from a digital waveform shaping
circuit to thereby change the impedance of a discharge passage
5 with time. |
As has been described above, according to the invention,
there is provided an ink droplet fofming method which-comprises
a step of contracting the pressure generation chamber at a
first speed and a step of contracting the pressure generation
10 chamber at a second-speed different from the first speed,
wherein the second speed is'greatér than the first speed.
Accordingly, it is possible'to minimize as much as possible the
length of the ink column jettéd from the nozzie opening, that
is, the length extending from the leading end'of the droplet to
15 the trailing end thereof, .to thereby form a spherical ink
droplet. This makes it possible to prévent generation of a
satellite ink droplets and thus improves printing quality.
.Also, according to the invention, since it is possible to
minimize the first voltage which is applied to ﬁompress the
20 pressure generation chamber in order to generate an ink
droplet; it is possible to reduce the amount of shock acting on
the vibratidn plate and piezoelectric vibrator at the beginning

of the jetting-out of the ink droplets, which in turn makes it

possible to reduce the fatigue of the vibration plate and

25 piezoelectric vibrator as well &s' to minimize crosstalk.
- This Sheet Has Been Replaced




mol ecul ar wei ght ol efins include polybutene and pol ypropyl ene having a
nunber average nol ecul ar wei ght of from about 300 to about 6,000 and
wherein a majority of the high nolecular weight ol efin.has polyner chains
contai ning termnal vinyiidene unsaturation. The high n®dlecul ar weight

olefins with term nal vinylidene unsaturation are represented I n the
following general fornula: Poly-C(R)=CH err] where R i s Ta® Skl Beh Refla
1 to 6 carbons. Thus, a majority of the high nolecular '

have pol ynmer chains ending in a divalent nethylene gr oup mﬁUﬂM[
Pol ybut enes havi ng a nunber average nmol ecul ar wei ght from

5,000 are especially preferred in prepgrazMgn of the terpolynmers of this
i nvention. As noted, the high nolecular weight polyolefins to be used in
this invention nust contain at least 50 nole % of term nal vinylidene

radicals of the fornula (-C(R)=CH err]. The preferred pol ybutenes
What is claimed is:

1 1. An ink droplet forming method for driving an ink-jet
2 type':ecording head including a flow passage forming member
.3 having a nozzle opening, a pressure generation chamber which
4 receives ink supplied from a reservoir, and a piezoelectric
5 Qibrator for varying the volume of séid pressure generation
6 chamber to jet ink droplets through said nozzle, said method
7 comprising the steps of:
8 ' expanding said pressure generatlon chamber to thereby suck
9 1nk into said pressure generation chamber;
10 contracting said- pressure generation chamber at a first
11 speed to commence jetting of an ink droplet through said
12 .nozzle; and
13 | contracting said pressure generation chamber ét a second
14 speed switched from said first speed while said ink droplet
15 continues to. be jetted from through said nozzle, said second
16 speed being greater than said first speed.
1 2. An ink droplet.forming method for driving an ink-jet
2 type recording head including_a flow passage forming member
3 having a npizle opening, a pressure chamber which receives ink
4 - | supplied from a reservoir, and™a piezqelectrie vibrator for

(O - - e -
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utitized in this invention contain nore preferably at |east 65 nole %
vinylidene term nated polyners. Such high nol ecul ar wei ght polyoleflns are

comercial |y avail able and incl ude high react|V|ty pdﬂlnmebﬂm
PI B) which can be prepared by the process taught in U S Iu he

di scl osure of which is incorporated herein by reference
unsaturated acidic reactant useful in the preparation o e co o

t he present i nvention conprises at |east one unsaturated C[err] to C[err]
di carboxylic acid, for exanple malcic or fumari c acid or anhydride or

aci ¢ deri vatarge repetdet eatb Yunmnahesgid upresssrat gagevationd chhmbeirddo jetri d
brom de, and | ower alcyl acid derivatives. The unsaturated acidic reactant

pr eféer abl y inkc ainoplats athadegl scldumzmder,ea&ﬁu&htme)th@@ecgn;pe‘n.ab-nfgomhﬁ a:
[err]

7 steps of:

8 contracting said preséufe generation chamber at a first
9 speed to commence jetting of an ink drbplet through said
10 nozzle;

11 contracting said pressure generation chamber at a second
12 speed switched froﬁ said first speed while said ink droplet
13 continues to be jetted from through said nozzle, said second
14 speed being greater than said first speed; and

15 expanding said pressure ééneration chamber to thereby suck
16 ink into said pressure generation chamber.

1 : 3. An ink-jet type recording device comprising:

2 an ink-jet type recording head including a flow passage
3 forming member héving a nozzle opening, a pressure chamber
4 which receives ink suppligd from a reservoir, and a
5 - piezoelectric vibrator for varying the volume of said pressure
6 -_generation chamber to jet ink droplets through said nozzle; and
7 a drive circuit for'prodﬁcing a first drive signal in
8 response to a timing signal, said first drive signal being
9 applied to said piezoelectric vibrator to expand said pressure
10 ' generation chamber to thereby suck ink into said pressure
11 generation chamber, and, after completion of expahsion'of séid
12 pressuré generation chamber;. for producing a second drive

TR RN O 0



9 wherei-n X and X' are the sane or different, provided that at |east one of
Xand X is a group. that is capable of reacting-to esterify ;
form anides or amine salfs with amonia or anines, f’ﬂﬁsmh%f-léésénaﬁt e\g/l th
reactive netals or basically reacting netal conpounds _ Raced
function to acylate. Typically, X and/or X is OH O h Hm&m + >
where M < + > represents one equivalent of a netal, a e
cation, NHerr], d,

.13 ' signal including at 1least twé parts whose diffefential'
14 functions are constants, which are applied to said preésure
15 generation chamber to cause said pressure generation chamber
16 one after another to contract, said constants having different
17 absolute values, said absolﬁte values increasing with the lapse
18 of time.

1 4. The ink-jet type recording device as set forth in
2 claim 3, wherein an area whose absolute. value is maintained
3 constant is present between said first and second drive
4 signals.

1 5. The ink-jet type recording device as.set forth in
2 claim 3, wherein said-drive circuit comprises Switching means
3 which is turned on in accordance with said timing signal to
4 thereby charge a capacitor, and a plurality of switching means
5 which are turned on after coﬁpletion of charging of said
6 capacitor to thereby discharge said capaéitor with different
7 current values. '

1 6. An ink-jet typé recording device comprising:

2 an ink—jet type recording head including a flow passage.
3 forming member having a nozzle opening, a pressure chamber
4 which receives ink suépligd from a reservoir, and a
5 piezoelectric vibrator for varying the volume of said pressure

B TTTETTRTT | e
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Br, and taken together X and X can be 0 so as to forman anhydri de.
Preferably, X and X are-'such that both carboxylic funct+ons can enter
i-nto acyl ation reactians.’ Preferredmeﬁwaehdm&mké ant $ “where X a

are each independently selected from |st|ng of OH, O O
| ower al kyl and when taken together, O her suitable apldlc
reactants include electron deficient o e |ns as nonophenyl nal eic -
anhydri de; nononethyl, dinmethyl, nonochloro, nonobrono, nonofl uoro,

di chl oro and difluoro mal ei c ‘anhydride; N phenyl nmal em de and ot her
subséi t ut edgemératide: chambm&enonjhts;nkud&bpde&@ldhrbuthbardaﬂbidnédeand
mal ei ¢ acid, alkyl hydrogen nal eates and fumarates, dialkyl fumarates and
mal eat es, f urar omi ldmi e | @srmdmafeanlmmﬂsin@n(h nflieey t driee asignal
fumaronitrile. ‘Preferred unsaturated acidic reactants include mal eic
anhy®ri de amrcluding &t dlezms pewe i owllheage signals whose differential

9 functions are constants in response to timing signals, said
10 pressure generation chamber éontracting in response to said
11 voltage signals, said coﬁstants having different absolute
12 values from each other, said absolute values increésing with
3 . the lapse of time and, after completion of said first drive
14 signal, for outputting a second drive signal, said pressure
15 generation éhamber expanding in response to said second drive
16 signal.

1 7. The ink-jet type recording device as set forth in
2 claim 6, wherein an area whose absolute value is maintained
.3 constant is present between said first and second drive
4 signals. | |

1 8. The ink-jet type recording device as set forth in
2 claim 6, wherein said drive circuit comprises switching means

3 which is turned on in accordance with said tlmlng srgnal to
4 thereby charge a capacitor, and a plurality of switching means

5 which are turned on after completion of charging of said

6 capac1tor to thereby dlscharge said capacitor with different

7 current values.
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preferred acidic reactant is mal eic anhydri de. The third
conponent of the terpolyner of this invention is the di- or pol yunsaturated
reactant ("diene reactani") Suitabl e di- or polyunsaturated reactants of
the present invention “-“include dienes, polyenes, di- or polyethylenically
unsat ur at ed et hers, eéters am nes, an1des, or other am ne derivatives.
Sui t abl e di enes and polyenes contain 4 to 30 carbon atons, and. I ncl ude
but are not. limted to hexadi ene, octadi ene, decadi ene, dodecadi ene,
di vi nyl benzene, trivinylcycl ohexane and m xtures thereof. Suitable di-
or polyethylenically. unsaturated ethers

- ABSTRACT OF THE DISCLOSURE

An inkéjet type recording device and a method 'for

generating ink droplets in such a.recérding device in which é

time difference between the leading.and trailing ends of an ink

5 column jetted out from a nozzle opening is reduced.without
decreasing the average speed of the ink column so as ﬁo prevent
generation of sateilites droplets and the like. A capacitor
maintaining a voltage for ekpansion of a pressﬁre generation
chamber is discharged by switching a plurality of resistances

10 differing in the discharge resistance thereof by means of
switching transistors. As a result, the terminal voltage of

the capacitor is caused to vary at a speed which is determined
by the values of the resistances. Therefore, by selecting the’

values of the resistances such that the absolute value of the

15 differential value of the terminal voltage increases with time,
the rate of_contraction of the pressure generation chamber éan

: be increased gradually to thereby minimize a speed difference

between the leading and trailing ends of the ink column.

y .- Sheet Has Been Reﬂlaced —
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10 include divinyl ethers, diallyl ethers, ethylene glycol divinyl ether,
di et hyl ene glycol divinyl ether, etc. Suitable di- or polyethylenically
unsaturated esters include acrylate or nethacrylate esters derived from
diols or polyols, such as ‘pentaerythritol diacrylate, pentaerythritol

triécrylate, ent raacryl ate, ethylene glycol dinethacrylate,
diethylene’gT8§55§§é¥ﬁ§§E;gt;fgfe etc. Suitable di- or polyethylenically
unsaturat23ﬂgz%§§%igﬂg_gn1ne derivatives kaclude diallylam ne;

triallyl arFrme, yl formam de, and di al | ydi met hyl ammpni um chl ori de.
Suitable di- o @oliethylenlcally unsaturated acrylsam des in¢clude those

derived fromdi- or ‘polyam nes, -such as nethyl ene bi sacryl am de,
N, N - et hyl enebi sacryl am gg Addti onal
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sui tabl e ‘nononers include esters derived fromfunctionalization of di- or

pol ycar boxylic acids

such-as diallyl

mal eat.e,

1,3,5-benzenetricarboxylate
I nvention h?Eg éhe chem cal structure:

FIG.
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wher'ein each R err] is independently an al'kyl radical of 1 to 5 carbon
atoms and each Rerr] may I ndependently be hydrogen or an al kyl radical
of 1 to 3 carbon atoms. *.= The terpol ynersof this invention
may contain from20 to 80 mole percent of the wunsaturated acidic reactant,
from10 to 70 nole percent of the high nol ecul ar wei ght olefln and 0.5 to
20 nol e percent of the diene reactant:
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The ‘terpolymers of the present invention may be prepared by known

conventi onal polynerlzatlon processes; for exanple, by mnmss, enulsion,
suspensi on, itation and solution polynerizations. The _

pol yneri zati ogsrgir g preferably carried out in a nitrogen atnosphere
Conventional apparatuses, for exanple autoclaves and kettles, can be used
for the polynerization. The exact-pol yneri zation- condltlons
shoul d be chosen to achieve the desired final nol ecul ar wei ght of .t he
resulting terpolynmer. Polynerizations at high tenperatures typically
result in terpolymers having a relati T@ly |ow Wdl'BZul ar wei ght while | ower
pol yneri zati on tenperatures result iin higher okecul ar wei ght

t erpol-ymers. I%%ﬁE%%%§%SE¥ f r ee—adi-dal reackkeﬁs—ﬁay—be-conducted at a
t enper at ure of tamam gamyal] C t o about 71ﬂ[nrrqu:preferably from
OMV 47 - . - '
OMV 53 : —
s S I ?Vl;
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about 40[err] Cto about 150 C. The pol ynerization reaction may
be conducted neat that is, the high nolecul ar weight ol efin, unsaturated
and a free radical initiator, if used, are

aci dic reactant, reactant,
combined in the pro@%& tro and then stirred at the reactlon t enper at ure.
For exanpl e,

Al ternatively, the wr@aséion may be conducted in a diluent.

the reactants nay be conbined in a solvent Sui tabl e sol vents i ncl ude

those in which the reactants and free radical initiator are m scible and
chl orof orm nethyl ene chlori de,

i ncl ude acetone, tetrahydrofbran,
di chl or oet’hane, tol uene, di oxane, chl orobenzene, xylenes, and the Iike.
After the reaction is conplete, volatile conponents may be S$tripped

off. When a diluent is enployed, it is preferably inert to the
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12 reactants and products fornmed and is generally used in an anount
sufficient to ensure efficient stirring. In general, the
pol.yneri zations can be i.gitiated by any free radical initiator. Such
initiators are well knovin“i.n the art. However, the. choi cé of free-radical
initiator may be influenced by the reaction tenperatqre enpl oyed. The
preferred free-radical initiators are the peroxide-type polynerization
initiators ,and the azotype polynmerization i-ditiators. Radi ation can
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also be used to initiate the reaction, if desired. The
peroxi de-type free-radical -initiator can be organic or inorganic, the
organi ¢ having the general fornmula Rlerr]OOR err{ where Rerr] is any
organic radical and Rerr] is selected.-fromthe group consisting of
hydrogen and any organic radical. Rerr] and Rerr]' are organic radicals,
preferably hydrocarbon, aroyl, and acyl radicals, carrying, if desired,
substitquLsﬂgﬁqﬁ'aé hal ogens, etc. Preferred peroxides include
di-tert-butylzﬁgrqgide, tert-butyl peroxybenzoate, and dicunyl peroxide.
Exanpl es of §t¥er Suitabl e peroxi des, which in no way are limting, include
benzoyl peroxide; |auroyl peroxidé; other tertiary butyl peroxides;

2, 4-di chl orobenzoyl peroxide; tertiary butyl hydroperoxide; cumene

hydr oper oxi de; di acetyl peroxide; acetyl hydroperoxide;

di et hyl peroxycarbonate, tertiary butyl perbenzoate; and the Iike.
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The'ézotype conpounds, typified by 1, 1'-azobisisobutyronitrile, are also
wel I known free radical spronoting naterlals These azo conpounds can be
mol ecul e group N-'N wherein the

defi ned as thoaf having present in the
| east one of which is

val ances are sa#E&led By organic radicals, at
Clher sui tabl e azo conpounds

preferably attached to a tertiary carbon.
I ncl ude, but are not Ilimted to,” p-bronoberzenedi azoni um fl uorobor at e;

p-tonIdiaanninobenzene;_
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13 p- bronmbbenzenedi azoni um hydr oxi de; azonet hane and phenyl di azoni um
halides. A suitable list of azotype conpounds can be found in U S. Patent
2,551,813 to Pinkney. iz The anount of initiator t.o:enploy, ‘exclusive
of radiation, of course, *depends to a large extent on the particul ar
initiator chosen, the high nolecular olefin used and the reaction

condi tions. ThEEKKK]ator is preferably soluble in the reaction nmedium. The
conc%Qb[a&bons of initiator are-petween 0.001:1 and 0.3:1 nol.es

preferred
of initiator per nolé of acidic reactant, with nore preferred amounts
bei ng between 0.005:1 ahd 02: 1. The pol ynesi zation tenperature

must be sufficiently high to break down.sthe initiator to produce the

desired free radicals. Fqrg exanpl e; iusi ng benzoyl peroxide as the
initiator, the reactionXenperaure can})be betwegn about-?%éerr]c and -

about 90[err]C, prefer
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and about 85[err]C. H gher and | ower tenperatures can be enployed, a

sui tabl e broad range-of . -tenperatures being between about -30[err]C and
about 210[err] C, with pieferred tenperatures between -about 70[err] C
and about 160 C. The reaction pressure should be sufficient to maintain the
sol vent irk%i)'squi d phase, but the preferred pressure is atnospheric.
The reaction s usually sufficient tg result in the substantially
conpl ete conversion of the unsaturated acidic reactant, di ene reactant,
and hi gh nol ecul ar wei'ght olefin to terpolyner. The reaction time is

sui tabl e bet ween one and 24 hours, with preferred reaction’tinmes between

two and ten hours. As not ed above, when the subject reaction is
a solutian-type polgnerization reacti on the hi gh nol ecul ar wei ght

ol efin, unsaturatedwmaci dic reactant, diene reactant, solvent and initiator
can be brought E8gether in any suitable manner. The reaction solvent, as

not ed above, nust ﬁg one
. o)
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whi ch di $sol ves both the acidic reactant and the hi gh nol ecul ar wei ght

olefin. It is necessary to di ssol ve the acidic reactant and hi gh

ool ecular weight olefin:so as to bring ‘theminto intinate

14 contact in the solution polynerization reaction. Suitable solvents

I ncliude Ildmzuxzaxurated or aromatic hydrocarbons having fromsix to 20

car bon atonf #gnes having fromthree to six carbon atons; and liquid’
af t6h

sat ur at ed c di hal ogenat ed hydrocarbons having fromone to five
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carbon atons per nol ecule, preferably fromone to three carbon atons per
nol ecul e. The terpolyner is conveniently separated from sol vent and
unreacted acidic reactant by conventional procedures such as phase
separation, solvent distillation, precipitation and the like. |[If desired,
di spersing agents and/or cosolvents nmay be used during the reaction.

Those skilled in this art will also appreciate that the terpol yners
according to the present invention nay be prepared through the use of
regul ators such as 2-nercaptoethanol, chain extenders and other entities
known to the art. The terpolyners of the present invention have
nunber average nol ecul ar weights in the range of fromabout 1,000 to about
100, 000. These terpolyners are useful as dispersants thenselves and al so
as internediates in the preparation of F,ﬁ ad7|tives havi ng i nproved
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di spersancy and/or detergency properties when enployed in a |ubricating

oi | . The isolated terpolyner may be reacted with a nucl eophilic
agent to form advant ageous fuel and lubricant additives, as described
bel ow. Suitabl e nucl eophil es include am ne, al cohol s, nmetal reactants and
m xtures thereof. As to type, the dispersants of this invention
made fromthe polybutenelnalelc anhydri de/ di ene terpol yners of the

i nvention can be polyneric succinic ester-am de di spersants, pol ymeric
succi ni m de di spersants, polyneric succinic am de-triazole dispersants, or
‘pol yneric succinic triazole dispersant chnol ogy that can be
adapted for producing these vari 1 typdE%&E; sagrsants can be found in
the literature. The ter{DRIWErS §}he i nvention can be
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15 converted into succinic ester-anmide type dispersant using conditions
such as are described in U S. Patents 3,219, 666; 3,282,959; 3,640, 904,
4,426, 305 and 4,873,009; or into succinimde type dispersants using
conditions such as are described in U S. Patents 3,172,892; 3,219, 666;
3,272,746; or 4,234,435; or into succinic triazole dispersant or succinic
am de-triazol e dispersant (depending upon reaction proportlons enployed)
- usi ng condltlons such as are described in U S
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Patents 4,908, 145 and 5, 080, 815. The present invention is further directed
t o nonosucci nimdes (where a pol yam ne conponent reacts with one succinic
group); bis-succinindes (where a polyam ne conponent reacts with a
succinic group fromeach of two terpolyner nolecules, thus effectively
cross-linking the polynmer nol ecul es); and hi gher succinimdes (where a

pol yam ne conponent reacts with a succinic group fromeach of greater than
2 terpol yner nol ecul es). These succinimnmides are useful as dispersants
and/or detergents in fuels and oils. In addition, these succinimdes have
advant ageous viscosity nodi fying properties, and nay provide a viscosity

i ndex credit when used in lubricating oils, mhlch may permt elimnation of

sone portion of a viscosity index'inpryiy ei!%ﬂt grade |ubricating
oils containing the sane. - Acco esent invention also
relates to a lubricating 0|§:conp05|t|on
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conprising a major anmount of an oil of lubricating viscosity and an anount
of a terpolyner, polysuccinimde or nodified succinimde additive of the
present invention sufficient to provide dispersancy and/or detergency.
Anot her aspect of the present invention is a fuel conposition conprising a
maj or portion of a fuel boiling in a gasoline or diesel range and an
anount of terpolyner, succinimde or nodi fi ed succini mde additives
sufficient to provide di spersancy and/ or detergency. The present

invention is also directed to fuel concentrates conprising an inert stable
ol eophilic organic _
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16 solvent boiling in the range of about 150 F to about 400 F and from
about 5 to 50 weight percent of an additive of the present invention.

The di spersants of this invention can be post-treated (i.e., reacted) with
vari ous post-treating agents such as are referred to in U S. Patents
4,234,435 and 5,137,980. Preferred post-treated dispersants of this

I nvention are those which have been borated by reaction with a suitable
boron-containing material, such as boric acid or other boron acids, boron
oxi de, boron trihalides, anmmoni um borate, super-borated ashl ess

di spersants, etc. Generally speaking, the borated dispersants will contain
fromabout 0.01 to about 1% by wei ght of boron and preferably
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from about 0.05 to about 0.5 wei ght % of boron based on the wei ght of the
active dispersant (i.e., omtting fromconsideration the weight of any

di luent or unreacted conponents that may be present in the dispersant).

Pol yam nes (i ncluding pol yether polyam nes) and pol yhydroxy am nes that can
be used in formng the dispersants of this invention have at |east one
primary or secondary amno group in the nolecule. Amnes of this type and
al so polyols that can be used in formng ester-am de dispersants of this

i nvention are extensively described in the patent literature, such as, for

exanpl e U. 34,435, 4,873,009 and 5, 137,980. The polyan1ne IS
preferably G Ig? ture of poI yam nes whi ch has at |l east one primary

anino group in the mol egy and whi ch addltlonally cont ai ns an average of
at |l east two other anlngggitroren atoms in the nolecule.
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One preferred type of polyamne is conprrsed of aIkerne pol yam nes such as
t hose represented by the fornula: [err]

17 wherein nis 2 to about 10 (preferably 2 to 4, nore preferably 2 or 3,
and nost preferably 2) and mis 0 to 10, (preferably I to about 6) and
m.xtures thereof. Preferably the pol yal kyl ene- am ne
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contains from3 to 6 primary anino groups. Cyclic polyam nes such an

-am noal kyl - pi perazines, e.g. [err]-am noethyl-piperazine, can al so be used
In the invention. Another preferred type of polyanmne is conprised of

hydr ocar byl pol yam nes containing from110 to 50 wei ght percent acyclic

al kyl ene pol yam nes and 50 to 90 wei ght percent cyclic al kyl ene pol yam nes.
In principle, any polyam ne having at | east one primary am no group and an

average of at |least three am no nitrogen atons in the nol ecule can be used -
in formng the dispersants of this invention. Product m xtures known in

the trade as "triethylene tetram ne", "tetraethylene pentam ne", and
"pent aet hyl ene hexam ne" are nost preferred. Such a polyam ne may be

al koxyl ated e.g. by incorporation of 1 to |tuted Cerr] or (Jerr]
hydr oxyal kyl groups per nnlecule preferfﬁ'QSf ydroxyethyl,groups:
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Other pol yam nes can al so be used in making the dlspersants of the present

Fnvention, e.g. am noguani di ne and/ or a basic salt thereof, for exanple
an1noguan|dine bi carbonat e as desired in U S Patent 4, 908 145

When the terpolymers of this invention and the dEMs&ﬁﬁHMﬁkaD

terpolynmers of this  invention are usedlin Iubr| ey are
typically present in from0.1 to 20% by wei ght of nposi tion.

Preferably, they represent 0.5 to 15% by wei ght an mor e preferably
fromabout 1 to about 7% by weight. The lubricating 0|Is that benefit from
the additive conpositions of this invention may be mneral oils or
synthetic oils of | ubykeabbnPORi FORKING INWHhDROPLETSS IN aNR-JERX use in the

t crank case of an internal combustion engine.
' TYPE PRINTER AND INK-JET TYPE RECORDING DEVICE

The present invention relates to method for forming
ink droplets in ink-jet type printer and ink-jet type

recording device.

A conventional on-demand type of ink-jet recording device
has a recording head which includes a plurality of pressure
. generation chambers for generating an ink pressure by means of
piezoelectric vibrators or heating elements, a common reservoir
fér, supplying ink to the respective pressure generétion
chambers, and noizle openingé communicating with the respective
pressure generation chambers. In the recording head a drive
éignal is applied to the pressure _generation chambers
corresponding to a print signal to thereby jet out ink droplets
from the nozzle openings onto a recording medium.

Such an ink-jet recbrding head can be classified into two
tyfes:.ode a bubble-jet type in which a resistance wire, as
pressure generétioh'ﬁeans, generates Joule heat in a-preséure
generation chamber responsive to a drive signal, and the other
a piezoeléctfic vibration type in which part of a pressure
generation chamber is formed by a diaphragm and the diaphragm
is compressed and shifted by'means of a piezoelectric vibrator.

- Since the former-type utilizes the vapor pressure of the
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18 .- Lubricating oil concentrates are also included within the scope
of this invention. The concentrates of this invention usually include from
about 90 to 10 wei ght percent, preferably from about 90 to about 50 wei ght
percent of an oil of lubricating viscosity and fromabout 10 to 90 weight
percent, preferably fromabout 10 to abod& 50 wei ght percent of an addltlve
of this invention. Qther additives which may be present in the
concentrate, include rust inhibitors, foam inhibitors, corrosion

i nh| bitors, ¥utalsebteertvavePerigedr Jaisherdanesssdy s, degti 5% difes dekta

generation of the resistance wire, only a small quantity of ink
in the form of droplets can be jetted out, which .makes it
possible to realize printing at a high resolution as well as
quick drying of the ink droplets. However, the heat generation
of the resistance wire can cause the ink and recording head to
deteriorate in quality readily.

According to the latter type, since no heat is generated,

‘ the quality of the ink is not deteriorated by it, the recording
head can enjoy' a semi-permanent life, and operating costs are
low. On the other hand, due to the fact that there is required
a sufficient volumetric change to allow the generation of the
ink droplets, the qﬁantity of the ink droplets is great and the
time necessary to dry the ink droplets is long.

Also, in the latter type, due to the fact that ﬁhe volume
of the pressﬁre generation chamber is abruptly changed to
thereby generate pressure, the ink is caused to fly in a
column.-like stream (similar to water shot from a water pistol),
so that there is a time difference or a speed difference
between the lea;ding and trailing end portions o;‘:' the flying
ink, with the resﬁlt that unwanted small ink droplets are
generated, causin_g the printed dot to be distorted.

In order to solve ._the aboxlre-mentioned problems, as
disclosed in Japanese Patent Publication No. Sho. 59-133067,

there has been proposed a technigfié in which, after application

This is the replacement sheet.
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variety of other well known additives. = The terpolynmers of the
pr.esent invention and their derivatives, are also useful as dispersants in
fuel s. The concentration of the additive in a fuel is dependent upon a
variety of factors, including the type of fuel used, the presence of other
detergents or dispersants or other .additBves, and the |ike. The additives
are used in the fuel in any amount sufficient to provide the desired

di spersancy; preferably the additive is used in an anmount of from about 10
to 10,000 weight parts per mllion, nore preferably from30 to 5,000 parts
per mllion. The additives of this invention may also be fornulated as a
fuel concentfagedgivagsignaheEp geRBrateripkidropletn: arorusidipgenpulse

Di l uents such as benzené, toluene, xylene or higher boiling aromatics, are
repr esent at i¥e2BPLiCEf §F ¥iPrRWetermined time instant to thereby forcibly

stop the jetting-out of the ink in'order to reduce the size of
the ink column.

According to this.technique, the generatidn of the small
ink droplets incidental to the tail end of. the ink column is
prevented, that is, the generation of so~called "satellite" ink
droplets is pre#ented, so that the printed dots can be made
circular. |

However, in this teéhhique, since it is necessary to
generate two types of pulses,-that is, the drive pulse and
auxiliary pulse at respective timings,. the structure of the
drive circuit is complicated.. Also since the piezoelectric
vibrator is driven against the inertia.éf a member forming a
pressure generation chamber, a high force acts on the
piezoelectrié'vibrator and the pressure generation chamber

forming member, which results in a reduced life of the

recording head. |

The present invention is directed towards eliminating the

problems in the above-mentioned conventional ink-jet recording

eet Has Been Reﬁaced

.

This is the replacement sheet

e, TG OCT B



-

The followi ng Exanples are offered to specifically illustrate this

I nvention. These Exanples and.illustrations are not to be construed in
any way as limting the scope of this i nventi on. Preparation of
Ter pol yner s
4
devices. The invention therefore provides an ink droplet'

forming method according to independent claim 1 or 2 and an
ink jet type recording device according to independent claim 3
or 6. Further advantageous features aspects and details of
the 'inventi_on are evident from the dependent claims ‘the
description and the drawings. The claims are intended to be
understood as a first non-limiting approach of defining the

invention in general terms.

The invention provides on-demand type ink-jet recording device
‘and, in particular, 'a technique for driving a recording
head of an on-demand type ink-jet recording device.

Accordingly, it is an aspect of the invention to provide an
on-demand type ink-jet recording device which does not
apply an unreasonably high force to a piezoelectric
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19 The terpolymers of this invention were characterized by infrared
(IR) spectroscopy and acid nunber determ nations. The terpol ynmers exhibit
I'R carbonyl absorbances at 1860 [err] 5 and 1770 [err] 5 wavenunbers.

The foll owing procedure was utilized to deternine the acid nunber val ues
for the terpolymers. A known quantity of the terpol yner was dissolved in a
1:1 kerosene:|l-butanol mxture and titrated with sodi um i sopropoxi de
titrant to its potentiometric endpoint. The Acid Nunber is calcul ated and
divided by 56.1 to give an Acid Nunber in mlliequivalents of KOH per gram

C[’)T sanpl e. ,ipdaX6dRnG 4 plﬁw@&eyme:ahﬁplcxmﬂe‘%ﬂ?oml\l%%&bé?hyaqdl,glﬁ,hlg]‘d

al Iyl formam de
can reduce the length of ink droplets jetted from the nozzle
openings, that is, the length éxtending from the leading end to
the trailing end thereof, or a time difference between the
passing of the leading and trailing ends of the ink droplets,
to thereby form spherical droplets and circular dots on the
printed page. | |

According to a spécific aspect of the
invention there is provided a method for driving an ink-~jet
recording head including flow path forming means having a
nozzle opening and adapted to be able to vary the volume of a
pressure generation chamber by means of a piezoelectric
vibrator when the chambef.receives ink supplied from an ink
reservoir, the method comprising a first step of expanding the
pressure generation chamber to thereby suck in ink, a second
step of contracting the pressure Qeneration chamber at a first
speed, and a third step of contracting the pressure generation
chamber at a second speed switched from the first speed, the
first speed being set smaller than the second spged. T
After a given period of time from the beginning of ink

jetting, the contracting speed of the pressure generation

chamber is increased to thereby enhance the ink jetting speed.

As a result, ink can be jetted out continuously in such a

manner that the ink follows and catches up with the leading end

of the ink jetted out previously.’ For this reason, the speed

laced sheet
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A 250 ml flask equi pped with overhead stirrer, condenser, and thernocouple
under a nitrogen atnosphere was charged with 55.8 g of |iquid pol ybutene
(Aissopal[err] 3251 from BASF). The pol ybutene had a nunber average

nol ecul ar wei ght by gel perneation chromat ography of 1000. The pol ybut ene
was unsaturated containing nore than 75%% ermi nal vinylidene groups. The
pol ymer was heated with stirring under nitrogen to 150[err]C. A solution of

8.21 g of naHgfEeranbpdiidtarédn 56hel lehdxxgeand( e utsd yehdbt @fectHed ink
renove hydrolysis contam nants) was added cautiously to the heated

pol yner. Afteolbhmatisgdédeeasadl tonthereyind loor 245pRer€alt hnkadidoplet
1.51 g of di-tert-butyl peroxide over about 4 hours was initiated. After

about 15 m noeash 2h@3rgcoat itigalpapleiror mani de was added over about 3.75
hours to the hedted. pol ybutene/ mal eic anhydri de/ peroxi de reaction m xture.
The reaction tenperaftiee winwvemtiiom nedhleeefees 14brovides an  ink-jet

type recording device and a method for
generating ink droplets in such a recording device in which a

time difference between the leading and trailing ends of an ink
column jetted out from a nozzle opening is reduced without

decreasing the average speed of the ink column so as to prevent

generation of satellites droplets and the like. A capacitor

maintaining a voltage for expansion of a pressure generation
chamber is discharged by switching a plurality of resistances

differing in the discharge resistance thereof by means of

switching transistors. As a result, the terminal voltage of

the capacitor is caused to vary at a speed which is determined

by the values of the resistances. Therefore, by'selecting the

.values of the resistances such that.the absolute value of the
differentiai value of the terminal.voltage increases with time,
the rate of contraction of the pressure generation chamber can
be increased gradually to thereby minimize a sneed dlfference

between the leading and tra;llng ends of the ink column.

Fig. 1 is a section view of an embodiment of an ink-jet
type recording head to which the invention is applied;

?igs. 2(I), 2(II), and 2(III)are respective explanatory
views depicting an igk droplet generating process performed by
the above ink-jet type recorﬁing head;

3 is a block diagram of an embodiment of a drive

Fig.
device employed in a recording device according to the
invention; e
' ' et Has Been Re‘ilaced This is the replacement sheet
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147[ err] C during the peroxide/diallylformam de co-feed. The reaction
tenperature was then raised over 1 hour to 155/ err]C and-held at this

tenperature for 1 hour. Solvent and residual maleic
20 anhydride were renoved in vacuo. A total of 67.00 g of product having an

acid nunber of 1.08 mlliequivalents (nméqg) of KOH gram was recovered.

.Fig. 4 is a circuit diagram of an embodiment of a drive
signal generation circuit included in the above drive device;

Fig. 5 is a timing chart of the operation of the above
driw';é device;

Figs.. 6(A) and 6(B) are respectively graphical
representations of the changes with time of the voltage applied
toc the piezoeiectric vibrator and the changes extension and
contraction speed with time, illustrating a case in which a
drive waveform in the above drive device is applied to an
actual device; |

Fig. 7 is a view of simulations of the flying states of

ink droplets obtained when an iNk-jet type recording head is
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EXAMPLE 2 Terpol ymer of Pol ybutene, Ml eic Anhydride, and Diallylformam de
A 250 m. flask equi pped with overhead stirrer, condenser, and thernocouple
under a nitrogen atnosphere was charged with 56.71 g of liquid pol ybutene
(Utravis[err] 120 from BP). The pol ybutene had a nunber average nol ecul ar
wei ght by gel perneation chromatography & 1778. The pol ybutene was
unsaturated containing nore than 65% term nal vinylidene groups. 'The

pol ymer was heated with stirring under nitrogen to 150[err]C. A solution of

Cemove. hydRBEYERs BRoMERRT AR & JEEreRhare L RRTGILIIST o) Heeniareatin;

G- fort: bﬁI tyi‘” o8B db i rﬁ%v"t sawaﬁ%ﬁpb%ne?ﬁs@%ﬁgéﬁiia%éf 2Bout

2O, o, SRR, PR RS U5 Pl dad oL C
driven by a conventional technique;

Figs. 9(A) and (B) are graphical répresentations of the
changes with time of the wvoltage and the extension and
contraction speed of a piezoelectric vibrator in another
embodiment according to the invention;

Fig. 10 is a section view of an embodiment of another type
of ink-jef recording_he&d té which the present invention can be
applied; |

Figs. l11(A) and (B) are graphical representations of the
changes with time of the woltage applied to the piezoelectric
‘vibrator so as to drive the above recording head of the
invention, and the changes with tiﬁe of the extension and
contraction épeed of the piezoelectric vibrator;

Fig. 12 is a circuit diagram of another embodiment of a
drive signal generation circuit employed in the present
inventiori; &nd | =

Fig. 13 is a waveform chart of the operation of the above

device.

A description will be given hereinbelow given in detail of

the invention by way of preferréd embodiments thereof.
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co-feed. The reaction tenperature was then raised over 1 hour to 155C and
held at this tenperature for 1 hour. Solvent and residual naleic anhydride
were renoved in vacuo. A total of 64.74 g of product having an acid numnber
of 0.36 mlliequivalents (nmeq) of KOH gramwas recovered.  EXAWPLE 3

Ter pol ynmer of Pol ybutene, Maleic Anhydri &, and 1, 9- Decadi ene A2
L flask equi pped with overhead stirrer, condenser, and thernocouple under a
nitrogen - atnosphere was charged with 500 g of |iquid polybutene
(dissopal' 3251 from BASF). The pol ybut ene had a nunber average

nol ecul ar wei ghtRéfegeingertaedtiigan Ichreed i fpéowh dR0Bmbodiment of an

ink-jet recording head which is driven Ey a2 head drive circuit
according to the invention. 1In Fig. 1, reference numeral 1
designaqes a pressure generation chamber formed by a nozzle
plaﬁe 5 having a nozzle opening 2 therein, a vibration plate 4
in contact with the leading end of a piezoelectric vibrator
(described below), and a spacer 5 held between the nozzle plate
3 and vibration plate 4. The pressure generation chamber 1
receives ink through an ink supply port 6 from a reservoir 14
which is conﬁected to an ink tank (not shown).

Reference numeral 7 designates the above-mentioned
piezoelectric vibrator. 'In the present embodiment, the
vibrator 7 is constructed in a laminate& structure in which a

| piezoelectric material 8 and electrode-forming materials 9 and
10 are arranged in a sandwiched manner. The vibrator 7 further
includes an' inactive area which does not contribute _ﬁo
vibration and is fixed to a fixing base élate 11. The fixing
base plate 11, vibration platé 3, spacer 5 and vibration plate
4 are fiied'together integrally through a base member 12 to
‘thereby form an ink-jet recoiding head.

In the ink-jet recording head constructed in this manner,
when a voltage is applied to the electrodes 9 and 10 of the
piezoelectric vibrator 7, the ﬁiezoelectric vibrator 7 is
caused to extend toward the nozzle plate 3 to displace the

vibration plate 4, so that the volume of the pressure
-
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21 The pol ybutene was unsaturated containing nore than 75%t erm nal
vi nyl i dene groups. The polynmer was heated with stirring under nitrogen to

. 150C. A solution of 98.33 g of maleic anhydride in 275 ml of xylene

(previously filtered to renmove hydrol ysis contam nants) was added
cautiously to the heated polyner. After h@ating the resulting nmixture to
145[err]C, 10.57 g of di-tert-butyl peroxide and 739 g of 1,9-decadiene

wer e added over about 2.25 hours. The reaction tenperature was naintai ned
bet ween l4genenayienrfhasbernd tife FRAWede/ | Adbdasadreheage of 30 V is

previously applied to the piezoelectric vibrator 7 and, from
this state, if the bias voltage is decreased to 0 V, then the
piezoelectric vibrator 7 is caused to contract. This drawslthe
meniscus of.the nozzle opehing toward the pressure generation
chamber 1 and, at the same time, the ink in the reservoir 14 is
allowed to flow through the ink supply port into the pressure
generation chamber 1. Subse@uently, if the bias voltage is
" jncreased, then the piezoelectric vibrator 7 is expanded to
thereby cause the vibration plate 4 to compress the pressure
generation chamber 1. As a result, the ink in the pressure
generation chamber 1 is pushed out into the nozzle opening 2
and ink supply port 6. That is, the leading end portion_a of
the ink is projected out from the nozzle opening 2 (Fig. 2(I)),
then it follows the displacement of the vibration plate 4 and
is jetted out in the form of a liquid column (Fig. 2(II)). The
liguid column is broken off after expansion of the
piezoelectric vibrator 7 is stopped. The trailing end portion
¢ of the liquid column is discharged from the nozzle opening 2
in a such man;er to chase the leading end portion a (Fig.
2(III)). The liquid column flies toward the recording paper at
the speed of expansioh of the piezoelectric vibrator 7, that
is, at a speed proportiocnal ﬁo the rate of contraction of the
pressure generation chamber 1, forming a dot on the recording

paper.
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co-feed. The reaction tenperature was then raised over 1 hour to 155[err]C
and held at this tenperature for 1 hour. Solvent and residual naleic
anhydri de were renmoved in vacuo. A total of 614.9 g of product having an
acid nunber of 1.38 mlliequivalents (neq) of KOH gram was recovered.
EXAMPLE 4 Ter pol ynmer of Pol ybutene, Ml ett Anhydride, and 1, 9-Decadi ene

A 2 L flask-equipped with overhead stirrer, condenser, and thernDcoupIe
under a nitrogen at nosphere was charged with 752.20 g of liquid

pol ybut ene (UItraV|s[err] 120 fromBP). The pol ybutene had a nunber
average nol ecul afMElght JpfFhger ﬁérﬁﬁﬁ?ﬂoﬂncﬁmbﬂﬁtmgﬂﬁpﬁﬁ afdr¥yg. circyhe

pol ybut ene was unsat ur at.ed cgntalnlgg nore than 65%term nal  vinylidene
gr oups. Thewhich is used to drive above-mentioned recording head. 1In

Fig. 3. reference numeral 20 designates a print control
circuit. A timing signal from an external device is input to
a terminal 21 of the print control circuit 20, and a print
signal from an external device is input to a términal 22. The
print contrel circuit 20 outputs a latch signal from a terminal
23, a print signal from a terminal 24, and a shift clock signal
from a termlnal 25 _

The print signal from the terminal 24 is shifted by the
shift clock signal from the terminal 25 through flip-flop
circuits 26 sequentially, and also is temporarily stored and
held by the latch signal from the terminal 23 in flip—flop
circuits 27. |

Reference numeral 30 designates a drive signal generation
circuit which génerates a drive signal identical té the timing
signal input to the terminal 21 from the external device and
outputs lthe drive signal to the one-side electrodes of
respectivély éognected ﬁiezoelectric vibrators 7 in parallél'to
a.terminal 31.

In Fig. 3, reference numerals 29 designate switching
transistors 'thch are connected between the other-sidg
electrodes of the piezoelectric'vibrators 7 and ground. The
switching transistors 29 afe turned on responsive to signéls

from the flip-flop circuits 27, &hd apply the drive signal from
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pol ymer was heated with stiring under nitrogen to 150[err]C. A sol ution of
87.17 g of maleic anhydride in 245 m of xylene (previously filtered to
renove hydrol ysis contam nants) was added cautiously to the heated

pol ymer. After heating the resulting mxture to 145C, 10.06 g of
di-tert-butyl peroxide and 6.15 g of 1, 91Zlecadi ene were added over about
2.5 hours. The reaction  tenperature was maintai ned between 145 -
147[err] C during the peroxide/1l, 9-decadi ene_ co-feed. The reaction

t enper at ur eheasdeh¥m r sigaalovepnerabipnt ocisspiEr | 80an8CheFheat Sehpcted

tenperature for 1 _
piezoelectric vibrators 7.

Referring now to Fig. 4, there is shown an embodiment of
the above-mentioned drive:signal generation circuit 30, in
which, when the timing signal is input to the terminal 21, a
transistor 40 is turnéd_.on and, in cooperation with a

' transistor 41 which is paired with the transistor 40 to form a
current mirror circuit, the.transistor 40 charges a capacitor
43 with a given current whose magnitude is determined by a
resistance 42; The terminal voltage of the capacitor 43

.generated in this charging process is amplified by a circuit

. composed of the transistors 44 and 45 and is then applied to
the terminal 31. |

When the capacitor 43 is charged up to 30 v in this
ménner, a diode 46 starts to conduct, and thus the terminal
voltage of the capacitor 43 is held at a constant voltage, that
is, at 0 V. |

After a given time has passed and thus the timing signal
rises, the transistor 40 is turned off and, at the same time,
a one-shot muliivibrator 47 is operated at the rising edge of
the timing signal. This causes a transistor 48 to turn on and,
therefore, transistors 49 and 50 are'also turned on, so that
the capacitor 43 is discharged with a given current whose
magnitlude is deterr;u'.ned by a resistance 51. ‘The términal

voltage of the capacitor 43 resulting from this discharge is
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22 hour. Solvent and residual naleic anhydride were renoved in vacuo. A
total of 856.2 g of product having an acid nunber of 0.75 mlliequivalents
(‘meq) of KOH gram was recovered. "EXAMPLE 5 Ter pol yner of Pol ybut ene,
Mal ei ¢ Anhydride, and D vi nyl benzene A 250 ml flask equi pped with
overhead stirrer, condenser, and thernocbhlipl e under a nitrogen atnosphere
was charged with 100.0 g of liquid polybutene (G issopal[err] 3251 from
BASF). The pol ybutene had a nunber average nol ecul ar wei ght by gel
perneati on chromatography of 1000. The pol ybutene was unsat ur at ed

contai ning nore than 75%terminal vinylidene groups. ‘The pol yner was

heat ed wit h gnipXified ubgerche ttwgenransisebes |44 Maolsti ndfit is then

output to the terminal 31.

Once a time period determined by the one-shot
multivibrator 47 has passed, the transistor 48 is turned off,
and at the same time a one-shot multivibrator 53 is operated
and a transistor 54 is turned on. This causes transistors S5
and 56 to turn on. The capacitor 43 continues to dischérgé
with a given current determined by a resistance 57. The
terminal voltage of the capacitor 43, which varies according to
the resistance 57, is amplified by the tranéistors 44 and 45
and then output to the terminal 31.

By switching between the two discharge resistances 51 and
57 in the discharge process in the above-described manner, the
absolute values of the differential coefficients of the voltage
signals V1 ang V2 applied to expahd the piezoelectric vibrator
7 are caused to vary with time. = As a result, as the
piezoelectric vibrator 7 is expanded, its expansion speed is
increased from S1 to S2, and thus the displacement speéd of the

vibration piate' 4, which is mounted on the piezcelectric vibrator 7,

is also increased.

Consequently, the ink pressure generated in the pressure
generation chamber 1 is also increased so that the speed of the.

ink column is increased as time passes when the ink column is

ejected from the nozzle opening 2.

In the above-mentioned drivé S§ignal generation circuit, if
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24.57 g of maleic anhydride in 67 mM of xylene (previously filtered to
renove hydrol ysis contam nants) was added cautiously to the heated
pol yner. After heating.the resulting mxture to 145[err]C, 1.00 g of
di -tert-butyl peroxide was added over about 1 hour. To the resulting
mxture, 1.19 g of di-tert-butyl peroxi¥e and 1.23 g of divi nyl benzene
wer e added over about 1 hour. The reaction tenperature was naintained
between 145 - 147[err] C during the peroxide/ divinylbenzene co-feed. The
reacti on t e/Reereépdciv@ncehef rechesedapaeitdrhaldr i ékpresspd@ axl Opl dhat
this tenperature for 1 hour. Solvent and residual naleic anhydride were
renoved i ncwxent Admtalarging 1€, ¢dpgcbtopr édues ﬁa,vmgeana&uadoxﬁunher
of 1.44 mlliequivalents (meq of KOH gram was recover ed.
resistance 42 as R., the value of the resistance 51 as Ry, the
value of the resistance 57 as Ry, the base-emitter voltages of
the transistors 40, 50 and 55 as V,,,_,,o, Vie-so and Vy..ss, the
discharge current through the resistance 51 as Iy, and the
discharge current the resistance 57 as I.,, then the following

equétions are obtéined:
I; = Vieew/Re
Iy = Vieso/Rg
Iez = Vyess/Rez
= C x "’g/ I,
Traniar = C x Va/Ig
Tranz = C x Vg/Ips
Figs. 6(a) and 6(B) show the relation between the changes
with time of the application voltage of the piezoelectric
vibrator in an actual device constructed according to the
above-described embodiment of the inventive drive device .and
the eJ.:pansion ~and cdntraction speed of the i:ieioelectric
" vibrator due to the application voltage, that is, the
volumetric speed of the pressure generation chamber.  In Fig.
IS(A), a signal V1’ having ‘a given Igradient just before the
jetting out of the ink droplets is applied for a geriod of time
of 4 pus, and then a signal V2’ having a larger gradient than

the given gradient is applied'. This causes the piezoelectric
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EXAMPLE 6 Ter pol ymer of Pol ybutene, Ml eic Anhydride, and Divinyl benzene
- A 250 m flask equipped with overhead stirrer, condenser, and thernocouple
under a ni trogen at nosphere was charged with 130.01 g of liquid

pol ybutene (U travis[err] 30 from BP)
23 The pol ybut ene had a nunber average ndl%ecul ar wei ght by gel perneation
chromat ography of 1300. The pol ybut ene was unsat urat ed contai.ning nore

than 65% term nal vinylidene groups.

vibrator to start its expansion at a speed S1 (for example, 2.7
x 10°? m/s) and, after a lapse of 4 us, to expand at a speed S2
(for example, 7.3 x 107 m/s) which is greater than the speed
S1 (Fig. 6(B)). |
' As a result, as shown in FPig. 7, with respect to the speed
distribution of an ink column at the instant the ink column
parts from the nozzle opening, the average speed of the ink
droplet leading end is 7.6 ﬁ/s, and the average speed of the
. ink droplet trailing end is 4.4 m/s, so that the difference
between the speeds of the two ends is 3.2 m/s.

On the'other hand, in a conventional drive technique which
uses a drive voltage of a trapezoidal waveform in which the
gradient of the drive signal is held conétant, with respect to
the spegd distribution of an ink column at the instant the ink
column parts from the nozzle opening (Fig. 8 (II)), the average
speed of the ink droplet leading end is 11.1 m/s, and the
average speed of the ink droplet trailing end is 3.5 m/s, so
that the _difference between the speeds of the two ends is 7.6
m/s. - | : )

As can be clearly understood from the above data, in
accordance with the driving methéd according to thé invention,
when compared with the conventiénal d.riving technique, the
speed of the leading end of the ink droplet is smaller while the
speed of the trailing end thereof is greater éhaﬁ the leading

end speed, so that the difference between the speeds of the
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The pol yner was heated with stirring under nitrogen to 150[err]C A
solution of 24.62 g of maleic anhydride in 62 ml of xylene (previously
filtered to renmove hydrol ysis contam nants) was added cautiously to the
heat ed pol yner. After heating the resulting m xture to 145[err]C, 1.00 g of
di -tert-butyl peroxide was added over abb®&t 1 hour. To the resulting

m xture, 1.04 g of di-tert-butyl peroxide and 1.16 g of divinyl benzene
wer e added over about 2 hours. The reaction tenperature was naintai ned
bet ween .145leadiq edrid G £ai 1 ivyg téred perbhxitoe/ink dinop lesn zane hep-deshited bye
reaction tenperature was then raised over 1 hour to 155[err]C and held at
this tenpereneralbrod léssir. Sol vent and residual naleic anhydride were
renoved in vacuo. A total of 153.99 of product having an_acid nunber of
1.16 milliequi vatenethemeyprds KAV gitgn aaser efoldi@edtnk column produced

according to the invention, at the instant the trailing end
thereof parts from the nozzle opening, the leading end has
reached only a distance of the order of SOOHum from the nozzle
opening (see Fig. 7 (VIII)). On the other hand, in thé case of
an ink column produced according to the conventional driving
technique, the leading end thereof has flown 500 um or more,
that is, as can be clearly seen from Fig. 8 (VII), it has flown
outside of the view of Fig. 8.

Also, according to the invention, due to the fact that the
speed variaﬁion from the rest state of the ink just before
generétion of the ink droplet to jetting out of the ink droplet
can be set smaller than in the conventiohal'driving method, the
shock acting.oh the piezoelectric vibrator and vibrétion plate
at the time of jetting dut of the ink droplet can be made
smallef. This reduces the fatigue of the vibration plate and
piezoelecirié yibrétor and also reduces the shgcks that are
propagated to other adjoining pressure generation chambers
.thereby to reduce crosstalk.

In the present embodiment, the ltiming signal for
generation of the drive signal is produced by the drive.signal
generation circuit. Alternatively, however, the timing signal

may be generated by the control signal generation circuit. In
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Reaction of Terpolymers with Am nes The Ter pol ynmer/ Am ne products
were characterized by Infrared Spectroscopy. These products exhibit
i'nfrared carbonyl absorbances at 1770[err]5 and 1700 [err] 5 wavenunbers,
(cmerr]). EXAMPLE 7 Succinimde fromthe Terpol ynmer of Exanple 1

A 250 ml flask equi pped with overhead sti¥rer, Dean Stark trap, and

t her nonet er was charged with 25.01 g of terpolyner of Exanple 1 (Acid#
1.08 nmeq KOH/ g) and 35.38 g of process oil. The mi xture was heated to
115[err]C with stirring under a continual nitrogen purge. A polyethylene

ami ne m xt une; coppag aple cixt ety at hyl g@gggnttg%itn% (%ﬁ{fﬁ] actidfl’kan3bet O

was added to tﬁy above ure” over about m nu e reaction
tenperat ur g; Map; 4N raised to

Also, in the description of the above-mentioned
embodiment, for the purpose of simplifying the description, two
~gradients are employed for the drive signal to be applied when
the piezoelectric  vibrator is expanded. However,
alternatively, as shown in figs. 9(A) and 9(B), there can be
émployed three or more gradients, the absolute values of which
increase with time. In this case, three signals v1i‘’, v2’ and
v3’ differing in the absolute values of the differential
coefficients thereof from each other are applied to the
piezoelectric vibrator so that the piezoelectric vibrator is
expanded at speeds Sl1, S; and S3 which increase gradually. As
a result, the speeds of the leading end, central portion and
trailing end of the ink column can be made to approach further
to each other so as to more surely prevent generation of so-
called "satéllite" ink droélets, that is, unwanted very fine
ink droplets.

Further, in the above embodiment there is employed a
piezoeiectric vibrator which expands when a voltége is applied
thereto. However, as shown in Fig. 10, a similar effect can be
obtained in the case of én'iﬁk-jet recording head of a type
that a piezoelectric vibrator is contracted to thereby expand
a pressure chamber when a drive signal as shown in Figs. 11(A)

and 11(B) is applied to the pieZoelectric vibrator. -

-
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24 and held at 155[err]C for 3 hours. Residual water was renoved in vacuo

to afford 61.85 g of product (including process oil). EXAMPLE 8 _
Succininmde fromthe Terpol yner of Exanple 3 A1l L resin kettle
equi pped with overhead stirrer, Dean Stark trap, and thernoneter was

18

Moreover, in the above embodiment, a description has been
given of a case in which first the pressure generation chamber
1 expands and then it contracts. However, it is obvious that
a similar action can also be obtained when the invention is
applied to an ink-jet record;ng head in which, at the time when
the timing signal is output, the pressure generat;on chamber 1
contracts to thereby generate an ink droplet and thus form a
dot and, after the'dct is formed, the pressure generation
chamber 1 expands to its original state.

Referring now to Fig. 12, there is shown an embodiment of
a2 drive signal generation circuit suitable for the latter type
of recording head. In Fig. 12, when a timing signal is input
to a terminal 60 (Fig. 13, TO0), then a transistor 61 is turned
on to thereby turn on a transistor 62. As a result, the
tfansistor 62, in cooperation with a transistor 63 which is
paired with the transistor 62 to form a current mirror circuit,
charges a capacitor 65 with a given current whose magnitude is
determined by a resistance 64. The terminal voltage of the
capacitor 65.producéd in this charging process is amplified.by
a circﬁit comprising-transistors 66 and 67, and is'then output
to the terminal 31 as a signal V1. When the signal V1 is
applied to the piezoelectric vibrator, the piezoelectric
vibratﬁr expands according to a differential value deﬁérmined

by the value of a resistance 64, thereby generating an ink

droplet.
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charged with 104.39 g of terpolyner of Exanple 3 (Acid # 1.38 neq KOH g)
and 153.32 g of process oil. The mxture was heated to 115[err]C wth
stirring under a continual nitrogen purge. A polyethylene anmne m xture
conparable to tetraethyl enepentam ne, (Dowerr] S 1107), 17.58 g, was
added to the above mixture over about 10l%inutes. The reaction tenperature
was then raised to and held at 155[err]C for 3 hours. Residual water was

renoved in VaCUOsiﬁb@TEHédtgﬁine gighapbr odlls ati ackligienglprddess igiven
EXANPLE 9 Succinimde from Terpol yner of Exanple 4 A1l L resin
kettl e equipiprs Wdd mga/lfggmﬁdgﬁé i traats idean 63 drsk turaed Oftf 4 ndvinegtherenas

charged with 101. 07 terpol ymer of Exanple 4 (Acid # 0.75 meq KOH g)
and 168. 49 ys obutput a pulse signal from a one-shot multivibrator 70 to
thereby turn on a transistor 71. When the transistor 71 turns '
on, then a transistor 73, which is paired with the transistor
71 in a current mirror circuit, is turned on and thus continues
_to charge the capacitor 65 with a given current determined by
the value of the resistance 74. The terminal voltage of the
capacitor 65 is amplified by the transistors 66 and 67, and is
then output to the terminél 31 as a signal V2, with the result
that the piezoelectric vibrator'7 expands up to a time T2
according to a differential value determined by the resistance
74.
The signal is set by selecting the value of the resistance
74 such that the absolute value of the differential value is
greater than that of the signal V1 just before the signal V2.
That is, as described before, the signal V2 allows generation
of an ink column including a portion having a higher speed than

that of the'leéding end of an ink column generated by -the

signal V1.

In this manner, at the time T2 when the capacitor is
charged up to a drive voltage Var a' given ‘voltage is
maintained. When a pulse signal from the one-shot
multivibrator 70 rises (T3), the transistor 71 is turned off.

Then, a pulse is output from a™one-shot multivibrator 75 to
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process oil. The mxture was heated to 115[err]C with stirring under a
continual nitrogen purge. A polyethylene am ne m xture conparable to

t’et r aehyl enepentam ne, (Dowerr] S 1107), 9.3 g, were added to the above
m xture over about 10 minutes. The reaction tenperature was then raised to
and held at 155[err]C for 3 hours. Resida@l water was removed in vacuo to
afford 277.6 g of ~ product. EXAMPLE 10.Succi nim de from Ter pol yner

of Exanple 4
turn on a transistor 76. This allows a transistor 77, which is

paired with the transistor 76 in a current mirror circuit, to
discharge the capacitor 65 with a given current.khose magnitude
is detérmined by a resistance 78. The terminal voltage of the
capacitor 65 in this discharging process is current amplified
by the transistoré 66 and 67, and is then output to the
terminal 31, thereby causing the piezoelectric vibrator 7 to
contract at a given speed. As a reéult, the pressure
generation chamber 1 expands to its original state and, during
this process, ink is supplied from the reservoir'.to the
'pressure generation chamber so as to prepare for forming the
next dot.
In the above embodiment, a description has been given of
a case in which the degree of expansion of the piezoelectric
vibrator is proportional to the rate of contraction of the
Dressure generation chamber. It is also obvious that, if there
exists a non-linear relation between the degree of expansion of
the piezoelectric vibrator and the rate of contraction of the
pressure,genera;ion chamber, then the increment of the drive
voltagé may be set in consideration of the non—liﬂear relation.
Also, in the above embodiment there are used a plurality
of discharge resistances and a plurality of switching circuits
for selecting the discharge resistances, and the switching
Circuits are selected and switched by use of the timing signals

to thereby vary the gradient of thHe drive signal. However, it
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25 A4 L resin kettle equipped with overhead stirrer, Dean Stark
trap, and thernoneter was charged with 653.0 g of terpolyner of Exanple 4
(‘(Acid # 0.75 meq KOH g) and 889.0 g of process oil. The m xture was heated
to 115[err]C with stirring under a continual nitrogen purge. A

pol yet hyl ene ami ne mi xture conparabl e to2tetraethyl enepentamni ne, (Dowferr]
S 1107), 60.40 g, was added to the above m xture over about 10 to 15

m nutes. The reaction tenperature was then raised to and held at 155[err]C
for 3 hours. Residual water was renoved in vacuo to afford 1591.3 g of

product . is clear that a similar action can be obtained in another
manner in which analog switching circuits are driven in
accordance with a signal frém a digital waveform shaping
circuit to thereby change the impedance of a discharge passagé
with time. .

As has been described above, according to the invention,
there is provided an ink droplet forming method which comprises
a step of contracting the pressure generation chamber at a
first speed and a step of contracting the pressure generation
chamber at a second speed different from the first speed,
'wherein the second speed is greater than the first speed.
Accordingly, it is possible to minimize as much as possible the
iength of the ink column jetted from the nozzle opening, that
is, the length extehding'from the leading end of the droplet to
.the trailing end thereof, to thereby form a spherical ink
droplet. This makes it possible to prevent generation of a
satellite ink droplets and thus improves printing gquality.

Also, according to the invention, since it is possible to
minimize .the first voltage which is applied to compress.the
pressure generation chamber in order to genérate an ink
droplet, it is possible to reduce the amount of shock acting on
ﬁhe vibration plate and piezoelectric vibrator at the beginning
of the jetting-out of the ink dropiets, which in turn makes it
possible to reduce the fatigue of the vibratidén plate and

Plezoelectric vibrator as well &5’ to minimize crosstalk.
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EXAMPLE 11 Succinimde from Terpol yner of Exanple 5 A 500 Ml resin
kettl e equi pped with overhead stirrer, Dean Stark trap, and thernoneter

was charged with 90.32 g of terpolyner of Exanple 5 (Acid # 1.44 nmeq KOH g)
and 133.57 g of process oil. The mixture was heated to 115[err]C wth
stirring under a continual nitrogen purg@2 A polyethylene amne mxture
conparabl e to tetraethyl enepentanine, (Dowerr] S 1107),—16-14 g, was
added to the above mixture over about 10 m nutes. The reactlon tenperature

was then raised to and held at 155[ er&BAEI¥Sr 3 hours.
renoved in vacuo to afford 233.5 g of product. EXAMPL de
from Ter pol yner of Exanple 6 ' '

1. An ink droplet forming method for driving an ink-jet

type recording head including a flow passage forming member
having a nozzle opening, a pressure generation chamber which

receives ink, and a piezoelectric

vibrator for varying the volume of said pressure geheration
chamber to jet ink droplets through said nozzle, said method
comprising the steps of:

expanding said pressure generation chamber to thereby suck
ink into said pressure generation chamber;

contract;ng said pressure generatlon chamber at a flrst
speed to commence jetting of an ink droplet through sa:.d
nozzle; and -

contracting said pressure generation chamber at a second
speed switched from said first speed while said ink droplet
contlnues to be jetted from through said nozzle, said second

speed being greater than said first speed.

2. An ink droplet forming method for driving an ink-jet
type recording head including a flow passage forming member
having a nozzle opening, a pressure chamber which receives ink,

_and a piezoelectric vibrator for

* c L M S *
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A1 L resin kettle eqU|pped mnth overhead stirrer, Dean.Stark trap, and .

thmnmmuwvm&_quwé%H%%m957g(ﬁtememm of Exanple 6 (Acid #
.16 nmeq KCOH Q) and 144. 23 process oil. The mi xture was heated to

f
115[err]C with This age ‘%ontinual nitrogen purge. A polyethyl ene
amne m xture co H raethyleﬁébentanine, (Dowferr] S 1107),
14. 30 g, was 26

added to the above mi xture over about 10 mm nutes.  The reaction tenperature
was then raised to ' .

least two parts whose differential functions are
constants, which are applied to said pressure generation
chamber to cause said pressure generation chamber one
after another to contract, said constants having
different absolute values, said absolute values

increasing with the lapse of time.

5. The ink-jet type  recording device as set forth in claim
4, wherein an area whose absolute value is maintained
constant is present between said first and second drive

signals.

6. The ink-jet type recording device as set forth in claim 4
or 5, wherein said drive circuit (30) comprises switching
means (40,41) which is turned on in accordance with said
timing signal to thereby charge a capacitor (43), and a
plurality of switching'means (47 to 50; 53 to 55) which
are turned on " after completion of charging of said
capacitor (43) to thereby discharge said capacitor with

different current values.

7. An ink-jet type recording device comprising: an ink-jet
type recording head including a flow passage forming
member (3) having a nozzle opening (2), a pressure
chambex (i)_and a piezoelectrié vibrator (7). for varying
.the volume of said pressure generation chamber (1) to jet
ink droplets through said nozzle opening (2); and

a drive circuit (30) for outputting a first drive signal
including at least two voltage signals whose differential
- functions are constants in. response to timing signals,
said pressure generation chamber contracting in response
to said voltage signals, said constants having different
absolute values from each other, said absolute values
increasing with the lapse of time and, after completion
of said first drive signal, for outputting a second drive
-
| ' This is the replacement sheet
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and held at 155[err]C for 3 hours. Residual water was r emoved_in vacuo to
afford 257.6 g of product. EXAMPLE 13 Succinimde from Ter oI mer

Exanmpl e 3 A1l L resin kettle equipped with overhe
Stark trap, and thernoneter was charged with 106.50 g of
Exanple 3 (Acid # 1.38 neq KOH/ g) and 158442 g of process re

was heated to 115[err]Cwith stirring under a conti nual n|trogen purge

pol yam ne, tetraethyl enepentamne, (Dowerr] S 1107), 18.31 g, was added to
t he above m xture over about 10 mi nutes. The reaction tenperature was then
rai sed to and digjrthiat éleﬁﬂ%féé%ﬁﬁé denbputsonReshsbak \Qat)erenmcm@\aed in

vacuo to afforrdeszp_)%tsns?e gco sdld dsueccond drive signal.

8. The ink-jet type recording device as set forth in claim
7, wherein an area whose absolute value is maintained
constant is present between said first and second drive
signals.

9. The ink-jet type recording device as set forth in claim 7
or 8, wherein said drive circuit comprises switching
means (62,63) which is turned on in accordance with said
timing signal to thereby'charge a capacitor (65), and a
plurality of switching means (71,73;76,77) which are
turned on after completion of charging of said capacitor
(65) to thereby discharge said capacitor with different
current values.

10. The ink-jet type recording device as set forth in any one
of claims 4 to 9 in which the pressure chamber (1)
receives ink supplied from a reservoir (14).

[
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EXAMPLE 14 Succini m de from Terpol yrmer. of Exanple 2 ' A 250 n
flask equi pped with overhead Stirrer, Dean Stark trap, and thernoneter was

charged wi t h 25hid6hegk 10 Bt RedigedO! ymer of Exanple 2 (Acid # 0.36 nmeq KOH g)

and 7.12 g of e mxture was heated to 115[err]C with
stirring under rogen purg® A polyethylene amine mxture
conparable to tet tamne, (Dowerr] S 1107), 1.13 g, was added

to the above m xture over about 10 m nutes. The reaction tenperature was
then raised to and held at 155[err]C for 3 hours. Residual water was

removed in V%%%&fﬂﬁéﬁﬁéwgkfﬁﬁg5og gLidpbgggghre_generation chamber to
jet ink droplets through said nozzle, said method

comprising the steps of:

contracting said pressure generation chamber at a first
speed to commence jetting of an ink droplet through said

nozzle;

contracting said pressure generation chamber at a second
speed switched from said first speed while said ink
droplet continues to be jetted from through said nozzle,
said second speed being gréater than said first speed;

and

expanding said pressure generation chamber to thereby
"~ suck ink into said pressure generation chamber.

3. The method of claim 1 or 2 wherein ink is supplied from a
reservoir to the pressure generation chamber.

4. An ink-jet type recording device comprising:

an ink-jet type recording head including a flow passage
forming member (3) having a nozzle opening (2), a
pressure generation chamber (1) and a piezoelectfic
vibrator (7) for varying the volume of said pressure
generation chamber (1) to jet ink droplets through said
nozzle opening (2); and ' '

a drive circuit (30) for producing a first drive signal
in response to a timing signal, said first drive signal
being applied to said piezoelectric vibrator (7) to
expand said pressure generation chamber (1) to thereby
suck ink into said pressure generation chamber (1), and,
after completion'of expansion of said pressure generation
chamber, for producing a second drive signal including at

[T . e {6 the replacement shee!
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27 Performance Eval uations Spot Di spersancy Test The am ne
functionalized polyneric additives of this invention have conparable
di-'spersancy perfornmance in the Spot Dispersancy Test to a commerci al
Manni'ch di spersant (H TECerr] 7049 of the Ethyl Corporation of Richrond,
Virginia), hereinafter "Comercial 1" gﬁ”d a conmerci al succi ni i de

di spersant (H TEC[err] 646 of the Eth
P ( d o ol e T TRAE Y ¥ TR RN
TYPE PRINTER AND INK- JET TYPE RECORDING DEVICE

ABSTRACT

An ink-jet type recording device and a method for generating
ink droplets in such a recording device in which a time
difference between the leading and trailing ends of an ink
column jetted out from a nozzle opening 1is reduced without
decreasing the average speed of the ink column so as to
prevent generation of satellites droplets and the like. A
capacitor maintaining a voltage for expansion of a pressure
generatidn chamber is discharged by switching a plurality of
resistances differing in the discharge resistance thereof by
means of switching transistors. As a _result, the terminal
voltage of the capacitor is caused to vary at a speed which
is determined by the values of the resistances. Therefore, by
selecting the values of the resistances such that the
absolute value of the differential value of the terminal
voltage increases with time, the rate of contraction of the
pressure generation chamber can be increased gradually to
thereby minimize a speed difference between the leading and

trailing ends of the ink column.
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Virginia), hereinafter "Comrercial 2". The Spot D spersancy Test affords a
nmeasure of an additive's ability to disperse sludge. In the Spot
Di spersancy Test, 6 % by wei ght based on thé sludge oil of a dispersant
candidate is mxed with an anount of Sequence VE sludge oil and is
i ncubated at 300[err]F for 16 hours. Thelresulting mixture (3 - 10 drops)
I's dropped onto a standard white blotter paper producing a sludge oi
spot. After 24 hours, the dianeter of the sludge and the oil rings are
measured. As dispersancy is the ability of an oil to keep sludge in
suspensi on, dis%%?saﬁcy in the Spot Di spgrsancy Test2is reflected by the
difference in dianeters of ,the slaudge and oil ringsy H gh dispersancy is
reflected by the sludge ri h§ bein nearly as w de aégthe oil ring. A .
rating (SDT Rating) is produted by/miltiplying the.guotient ofgthe sludge
ring and the oil ring [#A4 KEP%, / rpmating is
I ndi cative of good dis ansy. - ]
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depicts the Spot Dispersancy Test performance of several additives of the
present invention. Conmmercial dispersant 1 refers to the comerci al
‘Manni ch di spersant H TEC[err] 7049 and . Conmerci al dispersant 2 refers tQ
t he commerci.al succini mde dispersant H TEC[err] 646.

28 _ 2ABLE 1
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TERPOLYMER/ Ani ne Di spersants Spot Di spersant

Test Results Sanmpl e SDT Rati ng
Commercial 1 ' 75.6 Commercial 2
73.8 Exanpl e 8 o ' : 80 —
Exanpl e 9 . 68. B Exanple 10 =2
74. 4 " Exanple 11 _ 85.7 _ ,
Exanpl e 12 78. 4 : : Exanpl e 13

76.9 Exanpl e 14 ' : 74.2

No Di spersant 34 A Spot Dispersancy Test

Rating abowx@Oqith 5 or 6 w.% added di spersant is indicative of good

di spersancy. The test procedure is described in Exanple 1 of U S. Patent
4,908, 145. -
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The Cbnnercfal di spersants 1 and 2 afforded respective SDT ratings of 75.6
& 73.8. These commercial products exhibit excellent disperancy in gasoline

engi ne test performance (Sequence VE and Sequence |11 E) and excellent
di esel engine test performance. As indicated in Table 1, t he di spersants
of this invention |ikewi se afford excel | &nt di spersancy. : 14_
29 FIG. 5 i
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Additives of this invention, Comrercial 1, and Commerci al 2 were bl ended
into a notor oil formulation utilizing netal-containing sulfonates, zinc
di t hi ophosphate wear inhibitors, sulflur containing antioxidants, a pourS_

poi nt depressant, and a viscosity index inprover supplied by Shel I
Cheni cal Company (Shellvis[err] 300). Additives of the invention and the

commercial Mannich di spersant were of nearly equal activities (around 40
w.%, while the commercial succinimde dispersant was at a hi gher
activity of 65 wt.% The di spersants of this invention inpart
significant 100[err]C viscosity lift to finished oils wth no adverse

j cs. The dispersants of this invention

effects on | ow tenperat ure Vi sconetrj cs.
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Py

bl ended into nmotor oils fornulations utilizing netal-containing sulfonates,
zinc dithiophosphate wear inhibitors, sulfur containing antioxidants, a
pour point depressant, and a viscosity i.ndex inprover supplied by Shell
Chem cal Conpany (Shellvis[err] 300). Blends with 7 wt. % di spersant and

W . % viscosity index inprover easily neetéthe 5W30 | ow tenperature -25C
cold crank sinulator specification of |1ess than 3500 centi poi-se (cP).

The additives his invention also contribute significant viscosity index
credit to fini Dil s, reduci ng the anount of conventional viscosity

i ndex inprover required to achieve a desired viscosity target Reducing the
anmount of viscosity index inprover in a notor oil can thus offer both cost
and engi ne cl eanliness advantages. Table 2 details viscosity index credit
advant ages exhi bited by several polyneric dispersants of this invention.
For oils formul ated as '
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-

descri bed above, 7 w % of the Conmercial dispersant 1 or Commerci al

di spersant 2 required 7 w.%of the viscosity index inprover
(Shellvis[err] 300) to neet a viscosity target of 10.0 - to 10.6

30 ¢St (centistokes). On the other hand, the polyneric dispersants
additives of the invention require Iower7 anounts of this same viscosity
I ndex inprover to neet or exceed the 100[err]C viscosity target.
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TABLE 2 TERPOLYMER/ Ami ne Di spersants

VI SCOSI TY | NDEX CREDI T _ SAMPLE ' DI SPERSANT Vi * ,
100 [err]C -25 C COLD o W. % W.@g
VI SCOSI TY (cSt) CRANK (cP) Commercial 1 7.0 7.0 ‘
10. 59 3, 300 Commercial 2 8 7.0 7.0
10. 33 3,920 Exanpl e 8 7.0 6.0
10. 19 3,070 . Exanmpl e 9 o 7.0 5.1
9. 87 3,340 Exanpl e 10 7.0 5.5
10. 55 ' 3, 300 Exanpl e 11 7.0 ‘5.3
11. 05 3u160 Exanpl e 12 7.0 6.7
11. 25 3,850 Exanpl e 14 7.0 5.5
10. 06 F.890 Vi scosity. | ndex |nprover
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The ability of the dispersants of this invention to resist oxidative

t hi ckening and to di sperse engi ne sludge was neasured in a oxidative

thi ckeni ng bench test. In this test the di spersant is oxidatively-
stresséd in the presence of a severely used oil froma Sequence VE

engine test. This used oil is viscous an®gl serves as a source of engine
sludge. The oil formulated wth the test dispersant is heat at 320[err]F
with the introduction of air throughout the test duration of 168 hours.
Sanpl es were taken at regular intervals throughout the test and were '
nonitored for viscosity increase and spot dispersancy. Lower viscosity

i ncreases indi Cat&é bf&ter resi stance to
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31 oxidative thickening. Ten drops of the stressed oil were dropped onto
What man No. 3031915 blotter paper for spot dispersancy evaluation. After
16 hours, the diameters of the inner ring of di spersancy and the-outer oi
ring-were neasured. The percent spot dispersancy is the dianeter of the
inner ring, divided by the dianeter of th€ outer ring, times 100. Spot

di spersancy val ues above 70% are indicative of good di spersancy. Wt hout
di spersant, values of 34 to 38% are . typically obtained. This test
procedure is described in Exanple 1 of U S. Pat. No. 4,908, 145.

The Commercial dispersant 1 (H TEC[err] 7049) was blended into a notor oi
formul ati on
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utilizing nmetal -containing sulfonates, zinc dithi ophosphate wear

i nhi bi.tors, sulfur containing .antioxidants, a pour point depressant, and
a viscosity index inprover supplied by Shell Chem cal Conpany
(Shellvis[err] 300) at 7 wt.% and gave a 165.7 percent viscosity increase
and a spot di spersancy of 75.6%in thé+oil thickening bench test. This
commerci al di spersant exhibits excel l ent properties in the Sequence VE
test and the Pgeguenge |11 E test. -The inventive di spersant of Exanple 14
bl ended at 7 wt. % into the sane fornulation as above gave only a 45.4

per cent viscosity increase an®¥#a spot di spersancy of 76.3% These results
denonstrate that the di spersarts of this invention achieve both excell ent
oxi dative-stability and dispersancy. O - Thickening Test results for
several polyneric dispersants ar f ' -3 o
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' BACKGROUND OF THE INVENTION

The present invention relates to an on-demand type ink-jet
recording device and, in particular, to a technique far driving
a recording head of an on-demand type ink-jct recording
device.

A conventional on-demsnd type of ink-jet recording

device has a recording head which incindes a plurality of

pressure generation chambers for generating an ink pressure

by means of piezoelectric vibrators or heating clements, 2

common reservoir for supplying ink to the respective pres-
sure generation chambers, and nozzle openings communi-
cating with the respective pressure generation chambers. In
the recording head a drive signal is applied to the pressure

- generation chambers corresponding to a print signal to

thereby jet out ink droplets from the nozzle openings onto a
recording medium.

Such an ink-jet recording head can be classified into two
types: one a bubble-jet type in which a resistance wire, as
pressure generation means, generates Joule heat in a pres-
sure geacration chamber responsive to a drive signal, and the
other a piezoelectric vibration type in which.part of a
pressure generation chamber is formed by a diaphragm and

thedxaphngmxscomprasedandshxﬁedbymcansofa :

~ piezoelectric vibrator.

Since the former type utilizes the vapor pressure of the ink

 solvent vaporized instantaneously due to the heat generation

of the resistance wire, only a small quantity of ink in the
form of droplets can be jetted out, which makes it possible
to realize printing at a high resolution as well as quick drying
of the ink droplets. However, the heat generation of the

'mtanccwnecanunscmemkandrecurdmghmdto

deteriorate in quality readily.

Amdmgmthchncttype.mnoh&tugenmmd.ﬂ:e'

quality of the ink is not deteriorated, the recording head has
a longer permaneat life, and operating costs are low. On the
other hand, since a sufficient volumetric change is required
to allow the generation of the ink droplets, the quantity of the
ink droplets is great and the time necessary to dry the ink
droplets is long.

This is the replacement sheet

Ve

/ . -,Date:

1 6 APR 1998



The ability of the dispersants of this invention to enhance the fuel
econony of a finished notor oil was neasured in a fuel econony bench test.
The bench test enables one to predict fuel econony in actual engine tests.
The Commercial dispersant 1 (H TEC[err] 7049) was blended into a notor oil
formul ation utilizing netal-containing sul fonates, zinc dithiophosphate

wear inhibitors, antioxidants, a pour poifit depressant, and a vigcosit '
i ndex i nprover supplied AJso,dndhe h&éﬂ&ﬁ“ﬁﬁﬁﬁ%%l%i@fmf%%m th 7
W.% This formul ati onthe fpressarergenération chayober: és thyh ghangad: 40
per formance (1.07% enhginsedy fgeperatd fpressune,y then taleds eauséd tpafly inha
enhanced fuel efficieneglumskasardans (sithiler t6iwaeér shot|ffomcaawateeast 1. 1%
The di spersants. of thi gsql), so that there is a time difference or a speed difference
between the leading and trailing end portions of the flying
ink, with the result that unwanted small ink droplets are
generated, cansing the printed dot to be distorted.
In order to solve the above-mentioned problems, as dis-
closed in Japanese Patent Publication No. Sho. 59-133067,
there has been proposed a techiique in which, after appli-
cation of a drive signal to generate ink droplets, an auxiliary
pulse is applied at a predetermined time instant to thereby
" “forcibly stop the jetting-out of the ink in order to reduce the
size of the ink column, .
According to this technique, the generation of the small
ink droplets incidental to the tail end of the ink column is -
prevented, that is, the generation of so-called “satellitc” ink
droplets is prevented, so that the printed dots can be made
However, in this technique, since it is necessary to gen-
erate two types of pulses, that is, the drive pulse and
auxiliary pulse at respective timings, the structure of the
drive circuit is complicated. Also since the piezoelectric
vibrator is driven against the inertia of a member forming a
pressure - generation chamber, a high force acts on: the
piezoelectric vibrator and the pressure generation chamber
. forming member, which results in a reduced life of the
recording head.

SUMMARY OF THE INVENTION

The present inveation is directed towards eliminating the -
problems in the above-mentioned conventional ink-jet
recording devices. Accordingly, it is an object of the inven-
tion to provide an on-demand type ink-jet recording device
which does not apply an unreasonably high force to a
piczoclectric vibrator and a pressure generation chamber
forming member, but can reduce the length of ink droplets -
jetted from the nozzle openings, that is, the length extending

~ from the lcading ead to the trailing end thereof, or a time
difference between the passing of the leading and trailing
ends of the ink droplets, to thereby form spherical droplets
and circular dots on the printed page.

In attaining the above and other objects, according to the
invention there is provided a method for driving an ink-jet
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I nvention gave inproved predicted enhanced fuel efficiency increases
greater than the comercial dispersant These results indicate the

di spersants of this invention offer valuable fuel econony benefits to
finished crankcase oils. Table 4 sets forth the fuel econonmy benefits of
ot her enbodi nents of this invention. . -3 -

32 < : '

recording head including flow path forming means having a
nozzle opening and adapted to be able to vary the volume of
a pressure generation chamber by means of a piezoelectric
vibrator when the chamber receives ink supplied from an ink
reservoir, the method comprising a first step of expanding
the pressure generation chamber to thereby suck in ink, a
second step of contracting the pressure generation chamber
at a first speed, and a third step of coatracting the pressure
generation chamber at a second speed switched from the first
speed, the first speed being sct smaller than the second
speed.
" After a given period of time from the beginning of ink
jetting, the conmtracting speed of the pressure generation
chamber is increased to thereby enhance the ink jetting
speed. As a result, ink can be jetted out continuously in such
a manner that the ink follows and catches up with the leading
end of the ink jetted out previously. For this reason, the
speed difference between the leading and trailing ends of the
ink columm is decreased to thereby allow a spherical ink
droplet to reach the recording paper.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1is a section view of an embodiment of an ink-jet
type recording head to which the invention is applied;

FIGS. 2(0), 2(I), and 2(III) are respective explanatory
views depicting an ink droplet generating process performed
by the above ink-jet type recording head;

FIG. 3 is a block diagram of an embodiment of a drive
device employed in a recording device according to the
invention; - |

FIG. 4 is a circuit diagram of an embodiment of a drive
signal generation circuit included in the above drive device;

FIG. § is a timing chart of the operation of the above drive
device;

FIGS. 6(A) and 6(B) are respectively graphical represen-
tations of the changes with time of the voltage apphed to the
piczoelectric vibrator and the changes in extension and
contraction speed with time, illustrating a case in which a
drive waveform in the above drive device is applied to an
actual device; _ ' _

FIG. 7 is a vicw of simulations of the flying states of ink
droplets obtained when an ink-jet type recording head is
driven by means of a drive signal according to the invention;

FIG. 8 is a view of simulations of the flying states of ink
droplets obtained when an ink-jet type recording head is
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33 TABLE 4

TERPOLYMERI AM NE DI SPERSANTS . FUEL ECONOMY BENCH TEST
RESULTS SWB0 O LS

SAMPLE DI SPERSANT W .%  EFEl* (Predicted) Commercial 1
7.0 1. 07 Exampl e 7

7.0 1.18 Exam}l & 10

7.0 diivefl by a canventional Rachiidue; 11

7.0 ' hency d '
Sequene VE Engi ne Test 1@@&3{1\6&@ (Bsrm@w %@eﬁ(%{;&%ﬂ%g :eratsﬁi S
Vi

I nventi on prepared as 6;5 .
. conu-ac on a pxczoc ectric vibrator in another

embodiment according to the inveation;

FIG. 10 is a section view of an cmbodiment of another
type of ink-jet recording head to wlnch the present invention
can be applied;

FIGS. 11(A) and (B) are graphical representations of the
changes with time of the voltage applied to the
vibratorsoastodnvethcabovcmordmghendoftbc
invention, and the changes with time of the exteasion and
contraction speed-of the piezoelectric vibrator;

FIG. 12 is 2 circuit diagram of another embodiment of a
dnvesxgnalgeneraﬁondrmﬁ:employedintbeprumt
invention; and

FIG. Buawavefonncha:toftheopmonoftheabove
device.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS .

A description will be given hercinbelow given in detail of
the invention by way of preferred embodiments thereof.

Referring to FIG. 1, there is shown an embodiment of an
ink-jet recording head which is driven by a head drive circuit
accordmgtothexnvenuon.InFIG 1, reference numeral 1
designates a pressure generation chamber formed by a
nozzle plate 3 having a nozzle opening 2 therein, 2 vibration
planettmcontacththd:cleadmgendofapmoelecmc-
vibrator (described below), and a spacer § held between the
nozzle plate 3 and vibration piate 4. The pressure generation
‘chamber 1 receives ink through an ink supply port 6 from a
reservoir 14 which is connected to an ink tank (not shown).

Reference numeral 7 designates the above-mentioned
piezoelectric vibrator. In the present embodiment, the vibra-
tor 7 is constructed in a2 laminated structure in which a
piezoelectric material 8 and electrode-forming materiais 9
and 10 arc arranged in a sandwiched manner. The vibrator 7
further includes an inactive area which does not contribute
tovxbranonandlsﬁxednoaﬁnngbascplatsll.'l'hcﬁnng
base plate 11, nozzle plate 3, spacer S and vibration plate 4
are fixed together integrally through a base member 12 to,
thereby form an ink-jet recording head.

In the ink-jet recording head constructed in this manner,
when 2 voltage is applied to the electrodes 9 and 10 of the

This is the replacement sheét
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notor oil formulation utilizing metal-containing sulfonates, zinc

di t hi ophosphate wear inhibitors, sufur containing antioxidants, a pour

poi nt depressant, and a viscosity index inprover supplied by Shell

Chem cal Conpany (Shellvis[err]) 300). The dispersant of the present -
invention from Exanple 10 was tested at a great rate sufficient to satisfy

the stringent "SH' specifi,cations. T resul hi f o) . eval uat ed
in the Sequence VE ewm%m%g& VEY qocqe%ﬁv@masures
di spersancy and wear torextend taward the pozzle @é‘e Hisp Vice:
characterized by "st qlatend, o' thatt thedviolumg ofn dherRressire

operation.- The "VE' dixegheres isticdpesd: a2k bjasbyoltagei afg?:&VeiS%Vimé_ he sludge
(AES), average engi Negniifanitdiihé pledbeledtric vidbeatbe7@hnd] from state, i ng t he
best. The Sequence Vﬁw%ﬁﬁ i @Sdtehsediot0 WV, then itile pidzoeledtric
vibrator 7 is caused to contract. This draws the .mcniscus of
the nozzle opening toward the pressure generation chamber
1 and, at the same time, the ink in the reservoir 14 is allowed
to flow through the ink supply port into the pressurc gen-
eration chamber 1. Subsequently, if the bias voltage is
increased, then the piezoelectric vibrator 7 is expanded to
thereby cause the vibration plate 4 to compress the pressure
gencration chamber 1. As a result, the ink in the pressure
generation chamber 1 is pushed out into the nozzle opening
2 and ink supply port 6. That is, the leading end portion a of
‘the ink is projected out from the nozzle opening 2 (FIG.
~2(T)), then it follows the displacement of the vibration plate
4 and is jetted out in the form of a liquid column (FIG. 2(W)).
The liquid column is broken off after expansion of the
piezoelectric vibrator 7 is stopped. The trailing end portion
¢ of the liquid column is discharged from the nozzle opening
2 in a such manner to chase the lcading end portion a (FIG.
2(1ID)). The liquid column flies toward the recording paper at
the speed of expansion of the piezoelectric vibrator 7, that is,
at a speed proportional to the rate of contraction of the
pressure generation chamber 1, forming a dot on the record-
ing paper. :

In FIG. 3 there is shown an embodiment of a drive circuit
which is used to drive the above-mentioned recording head.
In FIG. 3, reference numeral 20 designates a print control
circuit. A timing signal from an external device is input to 2
terminal 21 of the print control circuit 20, and 2 print signal
from an external device is input to a terminal 22. The print
control circuit 20 outputs a latch signal from a terminal 23,
a pdnt signal from a terminal 24, and a shift clock signal
from a terminal 2S. -

The print signal from the terminal 24 is shifted by the shift
clock signal from the terminal 25 through flip-flop circuits
26 sequentially, and also is temporarily stored and beld by
the latch signal from the terminal 23 in flip-flop circuits 27.

Reference numeral 30 designates a drive signal geaeration
circuit which generates a drive signal identical to the timing
signal input to the terminal 21 from the extemnal device and
outputs the drive signal to the one-side electrodes of respec-
tively connected piczoelectric vibrators 7 in parallel to a
terminal 31 '

(X
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34 TABLE 5
TERPCLYMER/ AM NE DI SPERSANTS Sequence VE Engi ne
Test Results 50 O LS Feature

Rat i ng Passi ng Rocker Arm Cover Sl udge

9. 05 7.0_ Average Engi ne siuf . . g

9.24 - dnoFIGy, 3; aglerancsi nm@] designate switching

5.33 transistorsi which a8k connegad batween the other-side clec-

7.55 @o&so@tﬁép&o&uﬂmﬁbﬁ&w’lmﬂmmﬁaD

0. 93 ar ko MRHriEIly GoRBERES tween td dther-side clec- 1.23
' trodes of the piczoclectric vibrators 7 and ground in parallel

with each switching transistor 29. The switching transistars -

29 are turned on responsive to signals from the flip-flop
. circuits 27, and apply the drive signal from the drive signal

generation circuit 30 to the selected piezoelectric vibrators 7.

Referring now to FIG. 4, there is shown an embodiment
of the above-mentioned drive signal generation circuit 30, in
which, when the timing signal is inpat to the terminal 21, 2
transistor 40 is turned on and, in cooperation with 2 tran-
sistor 41 which is paired with the transistor 40 to form a
curreat mirror circuit, the transistor 40 charges a capacitor
43 with a given current whosec magnitude is determined by
a resistance 42. The terminal voltage of the capacitor 43
generated in this charging process is amplified by a circuit
composed of the transistors 44 and 45 and is then applied to
the terminal 31. :

When the capacitor 43 is charged up to V(30 V) in this
manner, a diode 46 starts to conduct, and thus the terminal
voltage of the capacitor 43 is held at a constant voltage, that
is,at O V. '

As shown in FIG. § after a given time, i.e., from the time
T, to the time T, has passed and thus the timiag signal rises,
the transistor 40 is tumed off and, at the same time, a
one-shot multivibrator 47 is operated at the rising edge of the
timing signal. This causes a transistor 48 to tum on and,
therefore, transistors 49 and S0 are also turned on, so that the
capacitor 43 is discharged with a given curreant whose

. magnitude is determined by a resistance §1. The terminal
voltage of the capacitor 43 resulting from this discharge is
amplified by the two transistors 44 and 45, and it is then
output to the terminal 31. _

Once a time perlod (from the time T, to the time T,, see
FIG. S) determined by the one-shot multivibrator 47 has
passed, the transistor 48 is tumed off, and at the same time
a oae-shot multivibrator 53 is operated and a transistor 54 is
turned on. This causes transistors 55 and 56 to turn on. The
capacitor 43 continues to discharge with a given current
determined by a resistance 57. The terminal voltage of the
capacitor 43, which varies according to the resistance 57, is
amplified by the transistors 44 and 45 and then output to the
terminal 31. _ |

- By switching between the two discharge resistances 51
and 57 in the discharge process in the above-described
This is the replecement shiet
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As can be seen fromthe sequence VE engine test results,

eonposition of the

provi ded excell ent sludge and varni sh

the lubricating

present invention conprising the polyneric dispersant

passing all test paraneters. I ndustrial Applicability
Di spersants are required in today's lubricdting conpositions since
i ncreasing demands are being placed on the lubricant by todays i

conbusti on englnes
as the anpunt of

Thannercthefabsoltd valnes/ef thei daﬁmaal

cl eanli-ness and wear protection,

nt er nal
i ncreased

" st cheavsltape’ signals VIl hind V2 repplied @ dxpafid the crowded

hi ghways. Therefore tﬂi&&lé&nﬁ%ﬁ’éﬁfr?ﬁfé@ﬁﬁcﬂ%”@&? vpﬁhﬁﬁﬂglﬂgal ubri cant

and fuel

result, as the piezoelectric vibrator 7 is expanded, its expan-
sion speed is increased from S1 to S2, and thus the dis-
placement speed of the vibrator 4, which is mounted on the
piezoelectric vibrator 7, is also increased.

Consequently, the ink pressure generated in the pressure
generation chamber 1 is also increased so that the speed of
the ink column is increased as time passes when the ink
column is ejected from the nozzle opening 2.

In the above-mentioned drive signal generation circuit, if

current for charging the capacitor 43 as I, the valne of the
resistance 42 as R,, the value of the resistance 51 as R, the
valoe of the resistance 57 as R,, the base-emitter voitages
of the transistors 40, 50 and 55 as V,__,, V.50 20d V44,
thed:schargemnrentthmughthercs:stanccSlasIﬂ and the
discharge current the resistance 57 as 1,, then the following
equations are obtained:

I=Vse R,
In=Vse/Rn
I=Vu ssRp
T=CxVy1,
Tz 1=CXV 1,
T =CxXV i1,

FIGS. G(A)andG(B)showthexelanonbetweenthe'

changes with time of the application voltage of the piezo-

- electric vibrator in an actual device constructed according to

the above-described embodiment of the inventive drive
device and the expansion and contraction speed of the
piezoelectric vibrator due to the application voltage, that is,
the volumetric speed of the pressure generation chamber. In

FIG. 6(A), asignal V1' having a given gradient just before .

the jetting out of the ink droplets is applied for 2 period of
time of 4 us, and then a signal V2’ having a larger gradient,
thanmegtmgmdxentuapphed.nxsw:ssthepm
electric vibrator to start its expansion at a‘speed S1 (for
example, 2.7 x10~2 m/s) and, after a lapse of 4 ps, to expand
at a speed S2 (for example, 7.3x1072 my/s) which is greater
than the speed S1 (FIG. 6(B)). As shown in FIG. 6(A), the
application voltage remains coanstant (at 0 volts in FIG. 6(A),
i.e., 2 “hold” voltage) for a period of time of 4 us between
the application of the first drive signal (negative siope

This is the rep!
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addi tives of enhanced per f or mance. The terpolyners of the present
bnvention and their derivatives inpart superior sludge protection and
i mproved visconetrics to lubricant oils. Thus, the polyneric additives of

this invention permt |ower dispersant treatnent rates as well as
al lowi ng for incorporation of |-ower Ievgls of viscosity index |nprOV|ng
agents.

contraction of the piczoclectrc vibrator) and the sccond
drive signal (positive slope with two different components,
ie, V1 and V2—extension of the piezoelectric vibratoc).
Likewise, in FIG. 6(B), the extension and contraction speed
is 0 during the application of the hold voltage, and the
piezoelectric vibrator is contracted during the first 8 ys at a

_ constant rate of =5%10™2 m/s, and expanded from 12 us to 16

- 48 at a constant rate of 2.7x10™ m/s and from 16 ps to 20
us at an increased coastant rate of 7.3x1072 m/s. _
As a result, as shown in FIG. 7, with respect to the spccd

distribution of an ink column at the instant the ink column
parts from the nozzlc opening, the average speed of the ink
droplet leading end is 7.6 av/s, and the average speed of the
ink droplet trailing end is 4.4 nvs, so that the difference
between the speeds of the two ends is 3.2 m/s.

On the other hand, in a conventional drive technique
‘which uses a drive voltage of a trapezoidal waveform in
which the gradient of the drive signal is held coastant, with
respect to the, speed distribution of an ink column at the
instant the ink column parts from the nozzle opening (FIG.

8 (D), the average speed of the ink droplet leading end is
11.1 m/s, and the average speed of the ink droplet trailing
end is 3.5 m/s, so that the difference between the speeds of
the two ends is 7.6 m/s.

As can be clearly understood from the above data, in
accordance with the driving method according to the inven-
tion, when compared with the conventional driving tech-
nique, the speed of the leading end of the ink droplet is small
while the speed of the trailing end thereof is greater than the

. leading end speed, so that the difference between the speeds
of the leading and trailing ends of the ink droplet can be
- reduced by one-half or less. '

Inotherwords,mthecaseofthemkcohmnpmdnced
according to the invention, at the instant the trailing end
thereofpa:tsfmmthenozzleopening,theleadingendhas
reached only a distance of the order of 500 um from the
nozzle opening (see FIG. 7 (VIII)). On the other hand, in the
case of an ink column produced according to the conven-
tional driving technique, the leading end thereof has flown

- 500 um or more, that is, as can be clearly seen from FIG. 8
(VID), it has flown outside of the view of FIG. 8.

'Also, according to the invention, due to the fact that the
speed variation from the rest state of the ink just before
generation of the ink droplet to jetting out of the ink droplet
can be sct smaller than in the conventional driving method,
the shock acting on the piezoelectric vibrator and vibration

This is the repiacement sheet
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Al t hough only a few exenpl ary enbodi nents of this invention have been
described in detail above, those skilled in the art will readily
appreciate that nmany nodifications are possible in the exenplary
enbodi ments without materially departing fromthe novel teachings and
advant ages of this invention. Accordingly, all such nodifications are
I ntended to be included w thin the scope-ef9this-invention as defined in
the follow ng clains, including the equivalents thereof available as a
matter of |aw. plateattheﬁmeofjeningontofthehlkdrop[etmbemade 36
smaller. This reduces the fatigue of the vibration plate and
piezoelectric vibrator and also reduces the shocks that are
propagated to other adjoining pressure generation chambers
thereby to reduce crosstalk.

In the present embodiment, the timing signal for genera-
tion of the drive signal is produced by the drive signal
geaeration circuit Altematively, however, the iming signal
may be generated by the control signal generation circuit. In-
this case as well, it is clear that a similar action can be

Also, in the description of the above-mentioned embodi-

ment, for the purpose of simplifying the description, two
gradients are employed for the drive signal to be applied
when the piezoelectric vibrator is expanded. However, alter-
natively, as shown in FIGS. 9(A) and 9(B), there can be
employed three or more gradients, the absolute values of
which increase with time. In this case, three signals V1', V2'
and V3 differing in the absolute values of the differential
coefficients thereof from each other are applied to the
piczoelectric vibrator so that the piezoelectric vibrator is
expanded at speeds S1, S2 and S3 which increase gradually.
As a result, the speeds of the leading end, central portion and
trailing end of the ink column can be made to approach
further to each other so as to more surely prevent generation
of so-called “satellite” ink droplets, that is, unwanted very
fine ink droplets.

Further, in the above embodiment there 18 cmployed a
piezoelectric vibrator which expands when a voltage is
applied thereto. However, as shown in FIG. 10, a similar
effect can be obtained in the case of an ink-jet recording
head of a type that a piezoelectric vibrator is contracted to
thereby expand a pressure chamber when a drive signal as
shown in FIGS. 11(A) and 11(B) is applied to the piczablec-
tric vibrator.

Moreover, in the above embodiment, 2 description has
been given of a case in which first the pressure generation
chamber 1 expands and. then it contracts. However, it is
obvious that a similar action can also be obtained when the
invention is applied to an ink-jet recording head in which, at
the time when the timing signal is output, the pressurc
generation chamber 1 contracts to thereby generate an ink
droplet and thus form a dot and, after the dot is formed, the
pressure generation chamber 1 expands to its original state.

Referring now to FIG. 12, there is shown an embodiment

This is the replecement sheet
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W claim 1. A terpol ymer conprising an unsaturated acidic
reactant, a high nolecular weight olefin, and a di-or poly-unsaturated
conpound, said unsaturated acidic reactant conprising at |east one
unsaturated Clerr] to Cferr] carboxylic aC|d or anhydride, or acid

derivative, said high .ecul.ar wei ght. ol k& |n|.s | ved,fromthe i
ol i goneri zation or po gﬂé’lﬁ 33? % ﬁ;ﬁ% | pha
ol ef i n nonomer, wher ePhregordiagheadoin -tma wh@qamm olefin
has pol yner chai ns ctona seomingl 60 (A3, ub)ymeumnsmarﬁlmummd and
wherein the high nol eottl &y th&&bgfﬁmpMﬁ mmn‘m‘om aveesalne th®! ecul ar

wei ght from about 300yhgsiGds JW@ ggording to
claim1l wherein said @}@fw Fﬁ om t he
group consi sting of w@?& d U BE Bogea LVe er eof .
mdetermnedbyarwstancc“ Thcmnmnalvolmgeofthe _
capacitor 65 produced in this charging process is amplified
by a circuit comprising transistors 66 and 67, and is then
ouqmttothetermmal?wlasas:glel.WhenthcmgnalVl
is applied to the piezoelectric vibrator, the piezoelectric
vibrator expands according to a differential value deter-
mncdhythevalucofamststanoe“ thcrebygcnmnngan
ink droplet.
Smcethenmmgszgnalfn!laatanme'l‘lafwangennme
has elapsed, the transistor 61 is turned off, while there is
output a pulse signal from a one-shot mmltivibrator 70 to
thereby turn on 2 transistor 71. When the transistor 71 turns
on, thea a transistor 72, which is paired with the transistor
73 in a current mirror circuit, is turned on and thus continues
to charge the capacitor 65 with a given curreat determined
by the value of the resistance 74. The terminal voltage of the
capacitor 65 is amplified by the transistors 66 and 67, and is
then output to the terminal 31 as 2 signal V2, with the result
that the piezoelectric vibrator 7 expands up to a time T2
according to a differential value determined by the resistance
74. :

The signal is set by selecting the value of the resistance 74

such that the absolute valuc of the differential value is
greater than that of the signal V1 just before the signal V2.
That is, as described before, the signal V2 allows generation
of an ink column including a portion having a higher speed
than that of the leading end of an ink column generated by
the signal V1.

In this manner, at the time T2 when the capacitor is
charged up to a drive voltage V,, a given voltage is
maintained. When a pulse signal from the one-shot multi-
vibrator 70 rises (I3), the transistor 71 is turned off. Then,

a pulse is output from one-shot multivibrator 75 to turn on
. & transistor 76. This allows a transistor 77, which is paired
with the transistor 76 in a current mirror circuit, to dxscharge
the capacitor 65 with a given current whose magnitude is
determined by a resistance 78. The terminal voltage of the
capacitor 65 in this discharging process is curreat amphﬁed
by the transistors 66 and 67, and is thea output to the
terminal 31, thereby causing the piczoclectric vibrator 7 to
contract at a given speed. As a result, the pressure generation _
This is the replacement sheet
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3.  The terpol ymer according to claim1 wherein the unsaturated acidic

reactant is maleic acid or anhydrides thereof 4. The -
terpol ymer according to claim1l wherein the high nol ecul ar wei ght olefin is
pol ybut ene. 5. The terpolynmer according to claiml wherein the

unsaturated acidic reactant is mal ei ¢ aci f or anhydride, the high
nol ecul ar wei ght olefin is pol ybutene, and he d| - or poly- unsat ur at ed
conmpound i s a diallylamne der| vat i ve. : The terpol ynmer

according to clalml erein at ur.at ed .. maleic
acid or anhydride, ,paggﬁ( E‘P@r"&%&aﬂpg&% ﬁfﬂﬁﬂ%}“{g and t he

di - or poly- unsat u
gencmuon chamber so as to prepare or nmng thc next

In the above embodiment, a description has beea given of
a case in which the degree of expansion of the pxezoelecmc
vibrator is proportional to the rate of coatraction of the
prcssmgeneranonchambcr.lusalsoobvmus!hat.xfthm '
exists a non-linear relation between the degree of expansion
of the piezoelectric vibrator and the rate of contraction of the
pressure generation chamber, then the increment of the drive .

* voltage may be set in consideration of the non-linear rela-
tion. -

Also, in the above embodiment there are used a plurality
of discharge resistances and a plurality of switching circuits
for selecting the discharge resistances, and the switching
circuits are selected and switched by use of the timing
signals to thereby vary the gradient of the drive signal.
However, it is clear that a similar action can be obtained in
another manner in which amalog switching circuits are
driven in accordance with a signal from a digital waveform
shaping circuit to thereby change the impedance of 2 dis-
charge passage with. time.

As has been described abave, according to the invention,
thaexsprovxdedanmkdropletfonningmethodwhxch
comprises a step of contracting the pressure geperation
chamber at a first speed end a step of contracting the
pressure generation chamber at a second speed different
from the first speed, wherein the second speed is greater than
the first speed. Accordingly, it is possible to minimize as
nmuch as possible the length of the ink column jetted from the
nozzle opening, that is, the length extending from the
leading end of the droplet to ‘the trailing ead thereof, to
tbcxebyformasphencalmkdmplet.msmaksnpossible
to prevent generation of satellite ink droplets and thus
improves printing quality.

Also, accordmgtotheznvennon.smceztxspossxblem
nnmmzcmeﬁxstvoltagewh:chmapphedmcomprasthe
pressure generation chamber in order to generate an ink
droplet, it is possible to reduce the amount of shock acting
on the vibration platc and piczoclectric vibrator at the
beginning of the jetting-out of the ink droplets, which in tumn
makes it possible to reduce the fatigue of the vibration plate
and piezoelectric vibrator as well as to minimize crosstalk.

- This is ihe replacement sheet
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37 7. The terpol yner according. to ‘claim | wherein the unsat urated
acidic reactant is nmaleic acid or anhydride, the high nolecul ar wei ght
olefin is polybutene and the di- or poly- unsaturated compound is
1, 9- decadi ene. 8. The terpolyner according to claim1l wherein
the unsaturated acidic reactant is naleic agl_(_j or anhydri de, the high
nol ecul ar weight olefin is polybutene and 1 di - or poly-
~ What is claimed is:
1. An ink droplet forming method for driving an ink-jet
type recording head including a pressure generation cham-
ber which receives ink supplied from & reservoir, a flow
passage forming member associated with said pressure
generation chamber and baving a nozzie opening, and a
piezoelectric vibrator associated with said pressure genera-
tion chamber for varying a volume of said pressure genera-
" tion chamber to jet ink droplets from said pressure genera-
tion chamber through said nozzle opening in said flow
passage forming chamber, said method comprising the steps
of:
expanding said pressure generation chamber to thereby
suck ink into said pressure generation chamber;

contracting said pressure generation chamber at a first

during a first time period to commence jetting of

an ink droplet through said nozzle, said first speed-
being constant during said first time period; and

contracting said pressure generation chamber at a second
speed during a second time period different from said
first speed while said ink dropiet continues to be jetted
through said nozzle, said second speed being constant
during said second time period and greater than said
first speed, said second time period being immediately
subsequent to said first time period.

2. An ink droplet forming method for driving an ink-jet
type recording head including a pressure generation cham-
ber which receives ink supplied from a reservoir, a flow
passage forming member associated with said pressure
generation chamber and baving a nozzie opening, and a
piezoelectric vibrator assaciated with said pressure genera-
tion chamber for varying a volume of said pressure genera-
tion chamber to jet ink droplets from said pressure genera-
tion chamber through said nozzle opening in said flow
passage forming member, said method comprising the steps
of:

contracting said pressure generation chamber at a first

speed during a first time period to commence jetting of
an ink droplet through said nozzle, said first speed
being constant during said first time period; _,

* contracting said pressure generation chamber at a second
speed during a second time period different from said
first speed while said ink droplet continues to be jetted
through said nozzle, said second speed being constant
dmingsaidseeondtimcpaiodandgr&:erthansaid_
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unsat urated conpound is divinyl benzene. 9. The terpol ynmer
according to claim1 conprising 20 to 80 nole percent of the wunsaturated
acidic reactant, from 10 to 70 nole percent of the high nolecul ar wei ght
olefin, and 0.5 to 20 nole percent of the di- or polyunsaturated reactant.

10. An oil soluble dispersant additive ui ful in ol eagi nous conpositions
conprising a product prepared by contact’ 3 The terpolyner of claim1 with
at | east one nucl eophilic msaqmﬂ,mdlw ddabﬁngqmmaﬁmyl ng of

am nes, al cohols, netal r 6@04nd under condi tions

effectlvetoformadducts of i e cleo |craet th t pol ymer .
11.  The di spersant adm cm%ﬁm'ﬁ“%o%ﬁ &E‘gy

nucl eophi lic reagent is &hﬂﬂb&f-s to 6 primary
am no groups per nol ecul%Anmk-Jettype gdevu:e comprising:

an ink-jet type recording head including a pressure cham-
ber which receives ink supplied from a reservoir;

2 flow passage forming member associated with said
ptessuregcn:raﬁonchamberandhavinganouleopen-
ing;

apxezoelecmcvibrawrassocxated w:thsmdptasu:e
' generation chamber for varying a volume of said pres-
sure generation chamber to jet ink droplets from said
pressure generation chamber through said nozzle open-
ing in said flow passage forming member; and

a drive circuit for prodncing a first drive signal in response
to a timing signal, said first drive signal being applied
to said piezoelectric vibrator 10 expand said pressure
generation chamber to thereby suck ink into said pres-
sure generation chamber, and, after completion of
expansion of said pressure generation chamber, for
producing a second drive signal including at least two
parts one after another whose differential functions are
constants. which are applied to said pressure generation
chamber to cause said pressure generujon chamber to
contract, said constants having different ahsolute val-

. ues, said absolute values increasing with time. _
iﬁemk—;atypemcordmgdcvtceaslet forth in claim
3, wherein said drive circuit further produces a hold signal-
having a voltage which is held constant for a predetermined
periad of time between said first and second drive signals.

§. The ink-jet type recording device as set forth in claim

3, wherein said drdve circuit compriscs first switching means
which is turned on in accordance with said timing signal to
thereby charge a capacitor, and a plurality of secand switch-
ing means which are tumed on one by one after completion
of charging of said capacitor to thereby discharge said.
capacitor with different constant current values.

6. An ink-jet type recording device comprising:

an ink-jet type recording head including a pressure cham-
ber which receives ink supplicd from a reservoir;:

a flow passage forming member associated with said
pressure generation chamber and having a nozzle open-

a piezoelectric vibrator associated with said pressure
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12.  The di spersant additive according to claim 1l wherein the unsaturated
acidic reactant is naleic acid or anhydride, the high nolecul ar weight

olefin is polybutene, and the di- or poly- unsaturated conpound is
diallyl formam de. 13. The dlspersant additive according to

claim 11 wherein the unsaturated acidic %gyant Is maleic acid or
anhydri de, the high nol ecul ar wei ght olefln i'S pol ybutene, and the di- = or
pol y- unsaturated conpound is 1, 9-decadi ene. '

generation chamber for varying a volume of said pres-
sure generation chamber to jet ink droplets from said
pnsmneggm:anonchnntnrﬂmnnghuudnnzdeopcn
ing in said flow passage forming member; and

& drive circuit for cutpurting a first drive signal including
at least two voltage signals one after another whose
differential fonctions are constants in response to tim-
ing signals, said pressure generation chamber contract-
ing in response to said voltage signals, said constants
baving different absolute values from each other, said
absolute values increasing with time and, after comple-
tion of said first drive signal, for outputting a second -
drive signal, said pressure generation chamber expand-
ing in response to said second drive signal.

7. The ink-jet type recording device as set forth in claim
6, wherein said drive circuit forther produces a hold signal
having a voltage which is held constant for a predetermined
period of time between said first and second drive signals.

8. The ink-jet type recording device as set forth in claim
6, wherein said drve circuit comprises first switching means
which is turmed on one by one in accordance with said
timing signal to thereby charge a capacitor, and a plurality
of sccond switching means which arc turned on after
completion of charging of said capacitor to thereby dis-
charge said capacitor with different constant current values.

* c L M S * :
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38 14. The di spersant additive according to claim 11 wherein the
unsaturated acidic reactant is maleic acid or anhydride, the high

nol ecul ar weight olefin is polybutene, and the di- or poly- unsaturated.
conpound i s divinyl benzene. 15. A lubricant conposition which
conprises an oil of lubricating viscosity and a dispersant effective
anount of a dispersant additive according to claim 11. 16. A

| ubri cant conposition which conprises an BT of | ubricating viscosity and a
di spersant effective anpbunt of a dis dditive according to claim12
17. A lubricant conposition which conprisés an oil of |ubricating

Vi SCOSIty afjgm ondb%e?%%ﬁtm%f' TR DRDPEN I 'adk YR F R  pREIER ViEND
according to.clarm I3. INK-JET TYPE RECORDING DEVICE

Anink-jettypemcordingdevicemdamethodforgenefﬂ-
ing ink droplets in such a recording device in which a time
diffcxencebetwecntheladingandtmﬂingendsofqnmk
column jetted out from a nozzle opening is reduced without
decreasing the average speed of the ink column so as t0
prevent generation of satellites droplets and the like. A
capacitor maintaining a voltage for expansion of a pressure
gencxaﬁonchamberisdischargedhyswitd_ﬁngaplnralltyof
msistancadiﬂ'eﬁnginthecﬁschargem;imnee.thaw(by
meamoflwitchingmsistors.Asammlt.themxpal
* voltage of the capacitor is caused to vary at a speed which
is determined by the values of the resistances. Therefore, by
selecting the velues of the resistances such that the absolute
value of the differential value of the terminal voltage
increases with time, the rate of contraction of the pressure
geaeration chamber can be increased gradually to thereby
minimize a speed difference between the leading and trailing
ends of the ink column.

Figure. 1

Figure. 6(A)
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18. Al ubri cant conposition which conprises an oil of |ubricating
viscosity and a dispersant effective anount of a di spersmrh—ve\
according to claim14. 19. A fuel conposition cegp

hydr ocar bon which boils in a gasoline or diesel boiling ra el
to 10,000 parts per mllion of a dispersant additive accordi mm
11. 20. The di spersant ~addi +i ¥e- according to clai

t he polyamne is t etraet hyl enepentanine, or a mixture of pol yam nes

havi ng an average conposition whi chE‘ roxffmat es tetraet hyl enepent am ne.
21.. The dispersant additive accor «0 cFaim 12 wherein the pol yam ne
IS t et r aet hyl enepent am' ne, or a mxture of polyam nes having an average

conposi tion which 6 1 2
! {
z\.{,ev//m AL A
—t 8
— 10 %
—= N1

FIG. 2(I) FIG. 2(I)  FIG. 2(II
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apprOX| mat es tetraet hyI enepent am ne.

39 22. The di spersant additive according to claim13 wherein the
polyam ne is tetraethyl enepentam ne, or a m xture of polyam nes having an
aver age conposition which approxinmates tetraethyl enepentam ne. 23.
The di spersant additive according to claim 14 wherein the polyamne is
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t etraet hyl enepent am ne, or a mxture of pol yam nes haV|ng an average
conposi tion which approxinmtes tetraethyl enepentam ne. C24 The
di spersant additive according to claim 11l wherein t he . nucleophlllc reagent
is an N-substituted poly(hydroxyal kyl)ami ne or a m xt uré of "a pol yam ne
and a pol yol. 25. The dispersant additive according to claim24
wherein thHe unsaturated acidic reactant is maleic acid or anhydride, the
hi gh ol ecul ar wei ght olefin is pol ybutene, and the di- or poly-

unsat urated conpound is selected fromdial3 yl fornai de, 1,9-decadi ene or

di vi nyl.benzene. 26. A lubricant conposition which conprises an
oil of lubricating viscosity and a dispersant effective amount of a

di spersant additive according to claim24. '
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27. A fuel conposi tion conprising a hydrocarbon which boils in a gasoline
or diesel boiling range and from 10 to 10,000 parts per mllionof & —
di spersant additive according to claim 24, The di spersant

additive according to claim 11 wherein the nucl eophi | i c rea’ﬂmﬁ mmli‘:ﬁird :

basic salt of am noguani di ne. g The di spersant
acid or anhydride, the.high nmol ecul ar weight olefin |s polybutene and t

according to claim28 wherein the unsat urat d acidic react
di -
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40 or pol y- unsaturated conpound I's selected fron1d|allylfornan1de

1, 9-decadi ene or divinyl benzene. 30. A lubricant ‘conpesition.

whi ch conprises an oil of lubricating viscosity and a -dispersant- effective
anount of a dispersant additive according to claim28. = | 31. A fuel
conposi tion conprising a hydrocarbon which boils in a gasoline or diesel
boiling range and from 10 to 10,000 parts per nillion of a dispersant
additive according to claim 28. -~ 32-_ The dispersant additive .

according to claim 11 which has been contac ed with one or nore
post-treating agents selected fromthe group conS|st|ng of inorganic or
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phosphor us conmpounds, boron conpounds, and nono- or pol ycarboxylic acids
and derivatives thereof 33. The di spersant additive according
to claim 32 wherein the post-treating agent is an i norgani ¢ phosphorus
acid or anhydride, boric acid, an unsaturated dicarboxylic acid or
derivative or precursor thereof, or a m xture thereof. 34. The
di spersant additive according to cl ai m 24 whi ch has been contacted with one
or nore post-treating agents selected fr-o® ¢he group consisting of -

i norgani ¢ or organic phosphorus conpounds, boron conpounds, and nono- or
pol y-carboxylic acids and derivatives t her eof . 35. The

di sper sant addltlve according to claim34 wherein the post-treating agent

S FIG. 8
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i norgani ¢ phosphorus acid or anhydride, boric acid, an unsaturated
di carboxylic acid or derivative thereof, or precursor thereof, or a

m xt ure thereof.
41 36. A | ubricant conposition which conprises 183 Shdel H&8Been Replaced

|l ubricating viscosity and a dispersant effective anount t
additive according to claim 32 wherein the nsat urated a 1S

mal ei ¢ acid ﬁlghﬁrzjj the hi gh nol ecul ar’ vei ght ol efi
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pol ;/butene, and the di- or poly- unsatur ated conpound is sel ect ed from
diallyl formam de, 1, 9-decadiene, or divinyl benzene.

| ubri cant conposition which conprises an oil of. Iubrlcatlng VIbbUblLy‘uﬂd a
di spersant effective nount of a dispersant additive-ag leg& ﬁ?@ ac

wherein the unsaturated acidic reactant is naleic-aci
hi gh ol ecul ar wei ght olefin is polybutene and the di-
unsat urated conpound is selected from ci & +ylformani de,

di vi nyl benzene. 38. A net hod of dispersing contanlnants in an
oi |l of Iubrlcatlng viscosity, said nethod conprising adding to said oil an
additive conprising a terpolyner according to claiml1. 39. A

nmet hod of dispersing contam nants in an oil of lubricating viscosity, said

FIG. 11(A)

=

w
(=]

PPLICATION VOLTAGE
leIEZOELI-ITRIC VIBRA

L]

. TIME

= 2SS S S R

P . L T L
o o ovs aflosom oy W o> o
—— me - o

FIG 77(

]
=T

(]
N

(7]
(VY]

E&Eﬁ%ﬁ%&:‘i{'ﬁ&p"'c“@n‘%'ﬁfam ~

. SPEE

This is the repl_acemém sheet

Dat._e: 3 6 APR 1998



met hod conprising adding to said oil an additive conprising an oil soluble
di spersant according to claim10. 40. A net hod of di spersing
contam nants in an oil of l|ubricating viscosity, said nmet hod conpri si ng
adding to said oil an additive conprising a dispersant according to claim
32. : -
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