RN

L
LI

Sel Caornatatian FB 4570 1
PSS§§$§%§%ERBQ%%EF$%@BDRIVE TI M NG CONTROL CLRCU T FOR

I PRI NTER ACKGROUND OF THE INV%NTICN
5 The present invention relates to a control circuit 3 (@@W
controlling the timng of driving a plurality of ﬁap?gppins
provided for a printing head of a serial inpact printer, and
nore specifically to a control circuit for driving the wire

pi ns of the pri MPRINTINGIHBAD/i AND TETSh DRIVE TINDNGNCONTRODM CERCIIT FOR
arrangenment lines at different timng I se.

' o reduce no
The serial .inpact printer for striki n}?ﬁc&gﬁﬁw&‘é paper with
wire pin array provided for a printing head is widely used

because of its excellent cost PRRERERBORB  oF THE INVENTPYRVEr. since a
nunber of wire pins are collide ordi ng paper at

the same timeg there Bxespsegent inventiorproelehesntpha comt pol ncinguit
e ar s rsciofcqridhefoLting the, COURCRRIBAMIN, SpTuEISPIEE
Appl i cation No. Wire pins provided for a printing head of a serial impact
printer, and more specifically to a control circuit for
driving the wire pins of the printing head provided with
10 inclined wire pin arrangement lines at different timings

to reduce noise. '

The serial impact printer for striking a recording
paper with a wire pin array provided for a printing head
is widely used because of its excellent cost performance.

15 However, since a number of wire pins are collided against
a recording paper at the same time, there exists a
problem in that the printing noise is large. The methods
of overcoming the above-mentioned problem are disclosed
in Japanese Published Upexamihed Patent Applicatioh No.

20 50-104534 and 56-144170. 1In the case of the Application
No. 56-144170, as shown in Figs. 1A and 1B, the wire pin
arrangement line 62 or lines 64 of a printing heads 61 or
63 are arranged being inclined by an angle - with respect
to a virtual vertical printing direction; and the wire

25 pins are driven by drive pulses of different delay times
generated by delay circuits 51 to 54 as shown in Fig. 2
to print character 1lines along the wvirtual vertical
direction as shown in Figs. 1C and 1D, with the result
that a number of printing wires are not driven at the

30 same time for reduction of noise.

In the above-mentioned prior art printing timing
control method by use of the time delay circuits,
however, since it is require to complete the driving .
operation of all the wire pins within a one printing

35 period, in the case of a high speed printing it is
difficult to obtain sufficient'delay time, so that the
wire pin driving time perio@s overlap with each other and



20 50- 104534 and 56-144170. In the case of the Appl i cation No.
56- 144170, as shown in Figs. 1A and 1B, the wire pin

arrangenment line 62 or lines 64 of a printing heads 61 or 63
are arranged being inclined by an angle - with respect to a
virtual vertical printing direction;, and the wre 25 pins are
driven by drive pulses of different.delay tines gener ated by
delay circuits 51 to.54 as shown in Fig. 2 ' to print character

i nes al ong the vertical : [ T ' : | i g 1C
and 1D, with thewr‘éeé%ﬁ' A lmp?%%lfb]ée nu‘%oe%q%%ﬂ&lﬁﬁ%%e@éar ghﬁot
driven at the printigg nedseti ndnf @ddiddion, oin otasei wbere the mounting

| n'the above meniagigd Bf i Qe arEnd | Ad¥iAéd "Brinting . healdvsJEbaCd
by use of the tinme“delay circuits, owever,“since It Is require
to conpl ete the Be¢hep§cally by an gpEpht iAfh 8F Showhelfy Fédpi iy withils a

one printing5 difficé@leertod achidde Case fdcwrdtiedh prierdny | Byl NG imbliys

difficult to obt‘?l €§§UffLCI ent Sei%é tlima, $9 thgtoﬁglfn to the movt\xnnrt?.npl n

driving time perfOHREBYRIPEp dni PRLR%CH 1 HSheFOLRGSP g g
angle 8. . _

Further, in the printing head of the prior art
printer, the arrangement position of the wire pins is

10 different from the ordinary wire pin arrangement position
(i.e., the wire pins are arranged in the virtual vertical
direction). This is because character patterns must be
printed accurately even under the condition that the wire
pin arrangement lines are inclined by a predetermined

15 angle f. In other words, since the prior art printing

' head is a special one, and therefore the ordinary
printing head is not usable as the prior art printing
head.

' ' SUMMARY OF ‘THE INVENTION

20 Acéordingly, in the serial printer using a printing
head provided with an inclined wire pin arrangement line,
the first object of the present invention is to obtain a
sufficient delay time between the wire pins even at high
speed printing, for prevention of the wire pin driving

25 time periods from being overlapped.

The second object of the present invention is to
compensate for an error Af of the inclination angle £ of
the wire pin arrangement line by controlling the timings
of driving the wire pins. |

30 The third object of the present invention is to
realize printing of both high reliability and low noise
with the use of the ordinary printing head provided with
two pin arrangement lines in each line of which the wire
pins are arranged in zigzags fashion under the condition

35 that the wire pin arrangement lines are inclined.

The first aspect of the present invention provides a
circuit of an impact printer provided with a printing




th'erebfl It is inpossible to sufficiently reduce the printing noise. In
addition, in case where the nounting anglLe [err] of the inclined
printing head devi ates mechanically by an error [err] as shown in Fig.
3, it is 5 difficult to achieve an accurate printing by sinply
determning a delay time corresponding to the nounting angle [err].
Further, in the printing head of the prior art printer, the arrangenent
position of the wire pins is 10 different fromthe ordinary wire pin
arrangenent posihead incXuding tdre wWrmaypi tomposed r afgedmpact heeYemenss

brinted acourat 5 aed ek S HETEHRR TUARI! Sediide’ I T Phrrua
| i nes are inclineartbical pdidaekitimed £05 - aopteolding. timing hof wdriwing
since the prior &idy PEENLHAY impdtidderédients 38°khdk (HE imPdkt (iehehese
the ordinary g)rlntlng head™'s not ,usable as the prior a &g"reh_ntl_n
head. 5 of the arrgy\@gse odriMen NOBNE Okipg alongy Hﬁg}’gl,laln
the serial printwsrtiscdll @iPEEEidNY compeiding pvaeedy Wabe ategisténegdedhse
pi n arrangenent él_ne o the fi rste o%gctnof tc%%r eéené mvgnéion- 'sot(a)n
obtain a suf 5 efEOGEngy 4 i RESHEFREBANEHe pFHEe eBERCLRLRE G
speed printing, fmelinesyvooni angdle téf thee impach i ellegefbst i rmimmeanodsimeom
Corpansate (o deapraye BRI AN CoD 5tRlod WA ol
pi n- arrangerht havingya cpredeterninedeting width aceonding ntotaesopnping
pi ns. o speed of the printing head;. stari; timing control means
responsive to a start of the turn-on time signal, for
starting driving the impact elements of the array in
sequence at the delay time intervals; and stop timing
15 control means responsive to an end of the turn-on time
signal, for stopping driving the impact elements of the
array in sequence at the delay time intervals.
The second aspect of the present invention provides
a serial impact printer provided with a printing head
20 having an impact element array arranged in such a way
that two arrangement lines (L, R) each composed of a
plurality of impact elements arranged at positional
intervals of 2a are positioned in parallel to each other
a distance b apart from each other and further centers
25 of the respective impact elements of a first arrangement
line (R) are located on lines passing throﬁgh_ respective
middle points between the two adjacent impact elements of
the second arrangement line (L) ‘and perpendicular to a
direction along which the second arrangement line (F) is
30 set, wherein the printing head is mounted on a carriage
under condition that two arrangemént lines (L, R) are
inclined with respect to a virtual vertical direction by
an angle 4 which satisfies the following formula:
tan 8 £ a / (2:b) . .
35 The third aspect of the present invention provides a
serial impact printer wherein ~the printing head is
mounted on a carriage under the condition that two



30° *The third object of the present inventionis to realize printing
of both high reliability and | ow noi se with the use of the ordinary
printing head provided with two pin arrangenent lines in each |ine of
which the wire pins are arranged in zigzags fashion under the condition
35 that the wire pin arrangenent lines are-inclined. The first
aspect of the present invention provides a circuit of an inpaect printer
provided . with a printing head including an array conposed of

i npact el ements arn@mggmgattinmgﬁlhbblﬁédamarum@i$ngd vbth vespeat to a

vertical = direct iqheyaholy AL | &1 ciié‘h”gy % ndang180 ¢ A s%ft:.tél"ies

i npact el ements so that he |npact e enents array are driven on
line along the vﬁhﬁuépllOWkﬂq|ﬂ9ﬂin&fmt|on conpr|5|ng delay rate

regi ster neans for pstari-ngoy ;y)e(}eteer,mlm@d gl ay tinme.according to an
i nclination angl e, of the I Jpact elenents on tine enes ati-ng_neans
for generati ng avbers. of t 8303 BH ‘h%v:tr?g:wzfeﬁ‘r eBEf‘@Fﬁgﬁed{"ﬁsrregW dthe
according to.a sdmpaictgelements.
BRIEF D@_SCRIPTION OF THE DRAWINGS
Figs. 1A to 1D are illustrations for assistance in
explaining the wire pin arrangement line or lines and
10 printed characters of a prior art impact printer;
' Fig., 2 is an illustration for assistance in
explaining the method of controlling the drive timing of
the wire pins of the prior art impact printer;
‘Fig. 3 is an illustration showing the arrangement of
15 the wire pins of a printing head used for a first
embodiment of the present invention; -

Fig. 4 1is a perspective view showing a £first
embodiment of the impact printer according to the present
invention;

20 Fig. 5 is a block diagram showing a first embodiment
of the drive timing control circuit;

Fig. 6 is a circuit diagram showing a solenoid
driving circuit for wire pin actuation;

| Fig. 7 1is a timing chart for assistance in
25 explaining the operation of the circuit shown in Fig. 5;

Fig. 8 1is a side view showing the positional
relationship between a carriage, a head and a platen of a
second embodiment of the present invention;

Fig. 9 is a front view showing' the positional

30 relationship between the carriage and the head of the
second embodiment of the present invention; |

. Fig. 10 is an illustration showing the arréngement

of the wire pins of the printing'head used for the second
embodiment of the present invention;

35 - Fig. 11 is a graphical representation showing a
deterioration of the printing quality of the second
embodiment;



spéed of the printing head; start timng control neans responsive to a

start of the turn-on tine signal, for - stggting driving the inpact

el enments of the array in sequence at the delay tinme intervals; and stop
timng 15 control neans responsive to an end of the turn-on tine si gnal
for stopping driving the inpact elenents of the array in sequence at the
delay tine intervals. -~ The second aspect of the present invention
provi des a serial inpact printer provided with a printing head 20 havi ng
an inpact el ement arr &icw rbhgéd angraghicalayreprasentationrshowisieemoise
lines (L, R each rdct of il dddord é’,ﬁg@ﬁm{,{@;ﬁents arranged at
positional - intervals of 2a.are positioned in parallel to each other a -

distance b apart frefiechldt i andlaak ndiageaReshoydng 2nheirsypéciior
i mpact el ements Qo Ad¥Sinqr tRBIRTRIING of | B2 ivRhgalthd ot €dphs! oFeSthe
passi ng thr_ou%h resgecilveqﬁ . mddl e points between the two adjacent inpact
el enents of t 7€ RRgd fent 1 ne (L) and perpendicular to a

direction al ong whi ch Rike, saobndigar rangebmbhgl | eRaek) ifor30 axfistaiyei nMin
the printing head unt ed .on a carrd age o der di §,i t:nat, .t wo . .,
arrangenent |i negx(qs_l,ar%l%gr gthQ R %%9\,&@ htrkj Sped LP{\:O éaﬂéﬁ}f t‘ﬁ‘a}m\?ér t]'i3dal
direction by  an andligJeds Wb ch sgrapiiesl t representiatdonor shdwing a
tan [err] < a / v an TNE £t i a?lqcr; t nt Llenvent iggns
provides a s%éa%r}gérr%%%%ogri %tf.er Lt\lg'\)(néer In t%ie)ﬁ%r irﬁﬁjﬁgéﬁ_eagfi s(aa tilra
nmount ed on al®ar Emkpdingnt aeeording ttorthe pregent invention;

‘Fig. 16 is a block diagram showing a circuit for
controlling the timing of driving- the wire pins of the
third embodiment; and

Fig. 17 is a timing chart for assistance in

15 explaining the operation of the circuit shown in Fig. 16.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

The present invention will be described hereinbelow
in accordance with embodiments. Fig. 4 is a perspective

view showing an impact printer according to the present

20 invention. The printer includes a printing head 71, an

'~ ink ribbon 76 and a platen 72, The printing head is

provided with a wire pin arrangement line composed of

nine pins #1 to #9 inclined by an angle & with respect to

the virtual vertical direction as shown in Fig. 3. The

25 printing is made in the state where a printing paper (not

shown) is mounted on a pull tractor 73 or 74. Further, a

release lever 75 is provided for switching the paper

feed by the tractor 73 to the paper feed by frictional

force between the platen 72 and a péper_ feed roller (not

30 shown) when a slip paper is required to be printed, for
~instance. | :

Fig. 5 is a block diagram showing a first 'embodime,nt
of the circuit for controlling the timing of driving the
wire pins according to one aspect of the present .

35 . invention. For enabling a high speed printing, printing
data are stored alternately to a printing data N register
1 and a printing data H register 2 for each printing



4" ' arrangenent lines (L, R) are inclined with respect to a vi rtual

vertical direction by an angle [err] which satisfies the foll ow ng
formul a: b (1 - cos [err]) / e x 1006 4 5 where e denotes a
pitch between printing dots of the I npact el enents. - BRI EF
DESCRI PTI ON OF - THE DRAW NGS Figs. 1A to 1D are illustrations for
assi stance in explaining the wire pin arrangenent line or lines and 10
printed characters of a prior art inpact printer; Fig. 2 is an

illustration for a tanc | ai pj t t i.ng .t.he
d_ri ve ti_m’ ng _of a?ﬂ% ‘g SQ%SYOf -ee %gg#g?t gsr%}g&keo%ri&g ?8%& q'?t%
Fig. 3is an |Ildataatqforp$imm.mg] tiwingr signadist for 1shehee;ﬁpaetpwas wifren
printing head usgﬂngor anxérsiehla\% e@eé' @%@a Odréd hebge.%%et wv§aai é the
Flg 4 is a perspective view showing a first I nment -
printer accordi nfadlgeshesEpE8@ntin 3 nbéﬁ%Forﬁe:ﬁY rater; gegister, 44 odfer

di agram show §9 gtbrinly ®ERAE May rates according to the printing mode

‘ (the carriage scanning mode) and the values stored in a

correction rate register 43 for storing correction time

according to an error angle —- by use of an adder 44. A

turn-on time generating circuit 30 generates turn-on time

10 signals HPW1l and HPW2 for determining the printing head

turn-on time width in synchronism with the basic printing

timing signal PTS outputted according to the printing

mode from an external control circuit (not shown).

Further, the turn-on signals HPWl and HPW2 are outputtéd

15 alternately in response to the basic printing timing

signal PTS. The turn-on signal HPWl is used for the data

in the printing data N register 1 and the turn-on signal

HPW2 is used for the data in the printing data H register

2. Although being described in further detail 1later,

20 these turn-on signals are used so that sufficient delay

time can be obtained even at high speed printing and .

further the respective wires -can be driven without
overlap with respect to each other.

The counter 6 is a 8-bit counter for generating a

25 delay time for delaying the turn-on start time, which

sets the value of the delay register 3 as an initial

count value in response to the falling edge of the turn-

on time signal HPWl, and starts down-counting on the

basis of a reference clock CLOCK to output an output

30 signal when the counted value reaches zero. By repeating

the above-mentioned operation, the output signal of the

8-bit counter 6 is Qenerated at the delay time intervals

‘determined by the delay time register 3. In response to

the output si'gnal' received as a clock signal, a 4-bit

35 counter 10 starts up-counting or down-counting according

to the signal form a control register 4. The output of

the 4-bit counter 10 is decoded by a decimal decoder 14,



of the drive timng control circuit; Fig. 6 is a circuit diagram
showi ng a sol enoid driving circuit for wige pin actuation; Fig.
7 is atimng chart for assistance in 25 explaining the operation of the
circuit showmn in Fig. 5; ' Fig. 8 is a side view showi ng the

posi ti onal -rel ationship between a carriage, a head and a platen of a
second enbodi nent of the present invention; Fig. 9 is a front
view showing the positional 30 relationship between the carriage and
the head of theand mvenpuksbsdi¥fenttanfY8teapeegeneratedntinorsequence at

Fig. 10 is an i st n rd angegent pi
the printing helgélléuség&?g #g S(raig‘o%] afEisl'trant)odlirﬁme ﬁyx}ﬁlﬁ{%rh@r} \é\ﬁ‘swég{l ﬂ?eé’é
i nvention; 35 pulsfsg.Y0C to|¥84, gthphireapecrtemeeberttsmqfo aftpowtared in

deterioration OfthEhﬁ‘pde!Eﬂd‘ngt'a' N i dtier SPCQPQ stor@@Pqd HiHe flip-
Flg- 1215 a gra;ihl cal ée;%%eszegt %tsl C)(nE'Sl O\t,:mongFSS), respectively to start
driving the wire pins. The final pulse Y¥Y9C of the

decimal decoder 14 is a signal for initializing the

counted value of the 4-bit counter 10 and further

stopping the operation of the 8-bit counter 6, until the

10 falling edge of the turn-on start signal HPW1 is

- inputted. ' o . '

A counter 7 is a 8-bit counter for generating a
delay time for delaying the turn-on end time, which sets
the value of the delay rate register 3 as the initial

15 count value in response to the rising edge of the turn-on
time signal HPW1l; starts down-counting in response to the
reference clock signal CLOCK; and outputs ~an output
signal when the counted value reaches =zero values. By
repeating the above-mentioned operation, the output

20 signal of the 8-bit counter 7 is generated at the delay
time intervals determined by the delay rate register 3.
In response to this output signal as a clock, a 4-bit
counter 11 starts up-counting or down-counting according
to the signal form a control register 4, The outpdt of

25 the 4-bit counter 11l is decoded by a decimal decoder'ls,
and nine pulses YOR to Y8R are generated in sequence at
the delay time intervals. In synchronism with these
pulses YOR to Y8R, the respective nine flip-flops 18 to
20 are reset in sequence to stop driving the wire pins.

30 The final pulse Y9R of the decimal decoder 15 is a signal
for initializing the counted value of the 4-bit counter
11 and further stopping the operation of the 8-bit

counter 7, until the rising edge of the turn-on start
signal HPWl is inputted.

35 With respect to the turn-on time signal HPW2, the

- similar circuit configufation is provided. 1In this case,
the respective bits in the printing data H register 2 are



re"duct‘i'on effect of the second enbodi nent; Fig. 13 is a block

di agram showing a circuit for controlléng the timng of driving the
wire pins of the 5 second enbodi nment; Fig. 14 is a tinmng
chart for assistance in expl aining the operation of the circuit shown
in Fig. 13; Fig. 15 is a graphical representati on show ng a
deterioration of the printing quality of a third 10 enbodi nent accordi ng
to the present invention; Fig. 16 is a block diagram show ng a

circuit for stqnﬁdrknlﬂlmytﬁﬁppsrﬁlmﬁ@f2mra$|h@SlheOMHSQ)anSSGQuenee
third embodi menty, Jela tzme':‘.tgte%zza'l% Qelt! Qae@%ﬁ} Félﬁ‘; q%féftf‘gﬁg

I n 15 expl ai ning, 0 atron o e CIrCUIt

DETAI LED DESCRI Prﬁmttsr MFERREEEENB@BWEﬁﬁ,er having bﬁﬁan reb@nfor

invention will Re flestdidian el ey_,_{g}e.ld}yvt,_me. I n accordance wth
enbodi nents. _Fig. 4 |s alﬁfrspectrve ew showj n g ﬂg %%ﬁaCt prlnter
accor di ng to5the pr eSatRE rZOalﬁﬁ/‘%tc?%nthe‘m‘étW'F nt 914 and HShiefkg

head gld an ) thd nﬁlip-bbb@p§618ndami pRajema Bair 'oTﬂetMe dutmntheailghsls
provided with a € g n n <] ni ne pins to
#9 inclined by aE\rllg%n errb{ ?E @gﬁ F1d P gggg%rpci% qm 2%t 'aﬂ"v’er%] %%
direction as shovh t hergtPBt smenalQSFSQramdrﬁﬁQsoﬁaGQQIfkﬂnr&iQnsa20

where a printingRApey afﬂ?tlo 1calf;%‘ B &g, ”Pé'dé‘%é(fdti)@%%p |ol§£ ﬁﬁ%rf@eor

74. Further, a ease ever rOVI paper
feed by theltoracﬁlanaﬂes tBP} hEop HpSr- fm%ﬁq)ydnvet sdgnrRls are fmmt we@n

the platen 72 argkidPardrdfih rfdLr divin 89 Bigwn)gyhero a & ive PapRE
is required to be printed, for ) . . '

respective wire pins. Further, in PFig. 6, the drive

circuit is composed of a transistor Ql, a Zener diode

ZD1l, a diode D1, etc. The transistor Ql is a switch for

15 energizing or deenergyzing an electromagnet coil Ll.

These diodes 2Dl and D1 serve to absorb the inverse

electromotive force generated by the coil L whenever the
transistor Q1 is turned off.

The operation of the circuit as described above will

20 be described hereinbelow with reference to a timing chart

shown in Fig. 7.

Fig. 7. is a timing chart for assistance in

explaining the control operation of when the printing

head having the wire pins #1 to #9 arranged along an-

25 arrangement line inclined by an angle § with respect to

the virtual vertical line as shown in Fig. 3 is scanned

in the arrow direction. In this case, the control

register 4 outputs a select signal for selecting up-

counting' to the 4-bit up-down counters 10 to 13,

30 respectively. The count value of the counter 10 is -1.

When printing data are written to the printing data N

- register 1 and further the printing basic timing signal

PST is inputted to the turn-on time generating circuit

30, the turn-on time generating circuit 30 outputs the

35 turn-on time signal HPW1l. In response to the falling edge

of this turn-on time Signal HPWl, the 8-bit counter 6

starts counting the delay time td. When the delay time



i nst arce. ' Fig. 5is a block diagramshowi ng a first enbodi nent

of the circuit for controlling the timng of driving the W re pins
according to one aspect of the present 35 Qinvention. For enabling a
hi gh speed printing, printing data are stored alternately to a
printing data N register 1 and a printing data H register 2 for each
printing 6 timng. A delay rate
regi ster 3 stores the delay rate data of printing tining signals for the
respective wire S el y g0 h

val ues stored i n a ﬁ%gl g Pedd ecjff%gl?s?g%ai; ?’orpat%i or| ng agi?%é gl ay

rates according hkﬁtﬁ@upﬁﬁﬁtl gt%ﬁbe "b(thheuEa@‘PW&g@Os‘mﬁﬁm ri@:rrm) thatl -
the values stor athd Ncdunt vEQUECWE Athd ASuh ek SLOT cﬁ%nt;aaof i N4 to g.

correction tine according to an error angle -- us " 44,
turn-on tinme gerfeteRin %ﬁ r%uﬁ’-%]gexgpat% W“&'ﬁeﬁ ngr‘i‘ﬁ $hnafeciped

and HPW2 for Bietdﬁdbdéflgllhesbrlﬁﬁaﬁlga hedt cortrespondihgntoMiie wire pin
synchronlsm\Mtfkf 5?@ Clgrigtlnglnting data N register 1 is stored in
the flip-flop 18 as FS1l. When another delay time td has
elapsed, a clock signal is outputted from the 8-bit
counter 6 to the 4-bit up-down counter 10, so that the
10 count value of the counter 10 changed to 1. Then, a
signal Y1C is outputted from the decimal decoder 14, a
‘bit corresponding to the wire pin $2 stored in the
printing data N register 1 is stored in the £lip-flop 19
as Fs2, Successively, bits corresponding to the wire
15 pins #3 to §9 are stored at the delay time intervals td.
After the bit corresponding to the wire pin #9 has been
stored as FS9 and further the delay time td has elapsed,
the count value of the 4-bit up-down counter 10 is 9, so
that a signal Y9C is outputted from the decimal decoder

20 14 in order to stop the delay time.(td) counting of the
'8-bit counter 6 and to reset the initial count value of

the 4-bit up~down counter 10 to -~1.

- In response to the rising edge of the turn-on time
signal HPW1l, the 8-bit counter 7 starts counting the
25 delay time td. When the delay time td has elapsed, a
clock signal is generated from the 8-bit counter 7 to the
4-bit up-down counter 11, so that the count value of the
counter 11 changed to 0. Then, the a signal YOR is
-outputted from the decimal decoder 15 to clear the bit
30 data FSl corresponding to the wire pin #1 and stored in
the £lip~-flop 18. When another delay time td has
elapsed, a clock signal is outputted from the 8-bit
counter 7 to the 4-bit up-down counter 1ll, so that the
~count value of the counter 11 changed to 1. Then, a
35 signal Y1R is outputted from the decimal decoder 15 to
clear a bit data FS2 co:responding to the wire pin $2 and
stored in the flip-flop 19. Successively, bit data

A



aninQ‘signaI PTS out putted according to the printing node from an

external control circuit (not shown). . Further, the turn-on signals HPWL
and HPW2 are outputted 15 alternately in response to the basic printing
timng signal PTS. The turn-on signal HPW. is used for. the data in
the printing data N register 1 and the turn-on signal HPW2 is used for
the data in the printing data H register 2. Although being described in
further detail later, 20 these turn-on signals are used so that sufficient
delay . time mﬂnspdﬂ@dngedteveheawllriegrpmmem ptongdng sarel cleafedt ér

otner . PeCU e T o aRTRY it “TRs kAT, hde, T BECEE i REE Grdior
time for del ayi rtg:ttrraqundmm $¢varthe | wérewpioh #9 bhas sbebs \allearest ahé
Cous) of “Thel fhr Dty (he delay LERYES VAU el AnbEAPIRAE LOuhPovATL! B

edge of the turn- down- coun

basis of a ré‘ erl'é?ﬂ:e‘}‘cbb‘bkugtwnt counteyt ldn_bait Put 520 tdiadna sdcmmal hK9C

counted val ue r%@*&ﬁ&%ﬂ&d@ 6xﬁp@i’é'd'Qc1malt36cé§Q¥e1§E%' QPGQrOESrQEan
t he out put signal of t

8- bi t, count er i s_gener at elay t
interval s . deéths n¢%’e%lyb§'rlf“ﬁe (&é)aquwri%g?ét the3 8 %d-tr th a and"
the out put si gn%oreesetedzm anﬁ:tgak Ty | va%ﬁebldf 3|Ehfeom¢1:ﬁrt 1GpSH|GWhS
up- count i ng or %%%Jr%jf n@oac:?or I Ng- to the si gna orma contro

register 4. The 0 he 4-bit counter 10 is decoded by a deci ma
decoder 14, 10 - The succeeding printing data are written to .the

other printing data H register 2. This is because when
the succeeding printing basic timing signal PTS is
- inputted, another turn-on time signal HPW2 is outputted.
In quite the same way as above, bits corresponding to the
15 wire pins #1 to #9, respectively are stored in sequence
as signals HS1 to HS9 at the delay time intervals td.
' By outputting the turn-on time signals HPW1l and HPW2
alternately as described above, it is possible to
determine the'product'value of the turn-on time and the
20 delay time within an allowable range twice as long as the
maximum basic printing timing period, -thus enabling a
sufficient delay time even at a high speed printing.
Further, in the above-mentioned embodiment, since
the timing signals for driving the respective wire pins
25 are controlled by including the correction of dispersion
in the mounting angle of the printing head, it is
possible to obtain a higher printing quality.
An embodiment of the second aspect of the printing
head according to the present invention will be described
30 hereinbelow. ' |
Fig. 8 is a cross-sectional view showing the mutual
positional relationship between the printing head and the
~ platen.” A printing head 101 is mounted on a'carriage 102
so as to be opposed to the platen 105 in such a way that
35 the horizontal diameter line of the platen 105 is aligned
with the central position O of the wire line as described
later. In ‘addition, the carriage 102 on which a belt 104



T : and nine pulses YOC to Y8C are generated in sequence at t he
delay tinme intervals. I n synchroni smw_th these pul ses YOC to Y8C,
the respective bits of data stored in elt]'printing data N register 1 are
stored in nine flip- 5 flops 18 to 20 as (FS1 to FS9), respectively to

start driving the wire pins. The final pulse Y9C of the deci mal
decoder 14 is a signal for initializing the counted val ue of the 4-bit
counter 10 and further stoppi ng the operation of the 8-bit counter 6,

until the 10 falid ngoenlgedoist Bapporhe@n byt & st nal o3PYMd i 8riveh NPyt &6Y.
A counter 7 is a 8-bit.counter fog 9eRer tl%ﬁ; a el ay blﬁE fqﬁbgféfyLng
the turn-on end I93ReGhi BK &(Uotor (Bof, siPwly) (#EORR ke, gha etn3
as the initial Ytheoditecbior paratipbnte tthet laxirs vhotkelgelaten hE05uihnon
time signal HPW,, st . ?fn ' Lo n ot e e...
cl ock signal CLV\&BS;S gé\%lélbg pu?ggggt"%ﬁﬁpsg t%%gi(yg;}%rt)v\'/neﬁ%ev_’{cgén#gﬁgvgfﬁe
reaches zero Yalarangesy on acpeadi prtiea lddowaf riehe i prtatingecheadodol.
the output 20 spynadedfe f hentidedrdNicdn 7bé5_19?f'§£€&eday3‘t scRend @2y the
time intervals determ ned 9! t he delgy rate reglster o
printing head 101 and by striking a printing paper 107 by
the selected wire pins with an ink ribbon 106 interposed
therebetween. o ' |
10 Fig. 9 shows a front view showing the printing head
101 mounted on the carriage 102 when seen from the platen
side. On the head portion 111 of the printing head 101,
two arrangement lines of the wire pins set being inclined
at a center O of the wire pin array by an angle & (which
15 satisfies the formula 1 below) with respect to the
virtual vertical direction (the vertical direction to the

axis of the platen 105).

tan 8 S a (2 X b) s s 080000 (l)
where a and b denote distances as shown in Fig. 10.
20 Fig. 10 is an enlarged view showing the wire pin

‘array arranged on the printing head 101, when seen from
the side of the printing paper surface, in which the wire
pins are arranged along the two arrangement lines. In
Fig. 10, a left arrangement line L is éomposed of 12 wire
25 pins of odd numbers from #1 to #23 and a right
arrangement line R is composed of 12 wire pins of even
numbefs from #2 to #24. Further, the distance between
two adjacent wire pins is 2.a, and the distance between
the two arrangement lines is b. Further, the respective
30 wire pins are arranged in zigzag fashion in such a way
that the centers of the wire pins of one arrangement line
are located at the middle points between the respective
two wire pins of the other arrangement line. Here, the
middle point of the oblique line connecting the £first
35 uppermost wire pin #1 of the left wire pin arrangement
line and the last lowermost wire pin #24 of the right
wire pin arrangement line is defined as a wire pin array



I'n response to this output signal as a clock, a 4-bit counter 11 starts
up-counting or down-counting according tﬁ the signal forma control
register 4.- The output of 25 the 4-bit cou ?er 11 is decoded by a deci nal
decoder 15, and nine pulses YORto Y8R are generated in sequence at

the delay tinme intervals. In synchronismw th these pul ses YOR to
Y8R, the respective nine flip-flops 18 to 20 are reset in sequence to
stop driving the wire pins. 30 The final pulse ¥9R of the deci nal decoder
15 is a signal center ihitiBurthen), tTableuht belowl ddsks texempliary caltes
11 and further gﬁogpgga phe operation of the 8-bit counter 7, until the
ri sing edge of the turn-on start signal HPWL is inputted. 35 Wth
respect to the turn-on tine signal HRW, tBABLE similar circuit
configuration is provided. In thisgcase, 1 s 1B@e(igen§ctive bits in t he
printing data H register 2 are stored . in flip-flops 21 to 23
as (HS1 to HB9) in sequence at Bt he dél dy30i méiPRPdrval s deternined by
‘the delay rate 'Here, originally, the printing head 101 is designed

so that characters of a correct height can be printed
under the conditions that the respective wire pin
arrangement lines are set in the virtual vertical

10 direction. Therefore, if the wire pin arrangement lines
are inclined by an angle # as shown in Fig. 10', the
character height ¢ changes as calculated by formula 2
below: _

| ¢ = 2 ((23-a/2)2 + (b/2)2)Y/2 gin (¢ + 8) .e.. (2)

15 where ¢ = tan™! (23-a/b) :

Here, if (¢ + 68) exceeds 90 degrees, since the
right and left positional relationship between the wire
pins (e.g., #1 and $#24) arranged at the ends of the wire
pin arrangement lines R and L is reversed, so that the

20 pin #l1 is located on the right side of the pin #24.
Accordingly, the value of (¢ + §) is determined less
than 90 degrees. In this range, the character height
becomes larger than that obtained when the printing head
is not inclined. . .

25 Therefore, the error €1 can be expressed as a
percentage ratio of the error value (the correct
character height 23. a is subtracted from the character
height ¢ of when inclined by an angle § with respect to
the virtual vertical direction) to the correct character

30 height 23-a as follows:

€l = (1 - 23-a) / (23-a) x 100 .... (3)

'Eurther, when the printing head 101 is inclined by
an angle # with respect to the wvirtual vertical
direction, since the horizontal line passing through the

35 middle point between the tow adjacent wire pins arranged
in the wire pin arrangement line R is offset downward
away by a distance p2, as shown in Fig., 10,  from the



Fegiéter 3, and further reset after having been held for a

predeterm ned turn-on tine. 5 Further,, a pair of the output signals
FS1 and HS1 of the flip-flops 18 and 21}3a pair of the output signals
FS2 and HS2 of the flip-flops 19 and 22, ....... , a pair of the out put
signals FS9 and HS9 of the flip-flops 20 and 23 are logically sunmed,
respectively to obtain drive 10 signals HD1 to ED9. These drive signals
are inputted to drive circuits (as showmn in Fig. 6) to drive the
respective WﬁrE*HbﬂE%ontiDrlhﬂé passlﬁggthr@ugthh@Wm&Hdle bt betWeen
conposed of a tr tor g% a_Zener, di ode a dlDdEé;% etc. The
transistor .QL i< °tch dpces en‘é’rﬁ?mpﬂd‘sbraaééﬁgPSyﬂ%g wire pin

el ect r omagnet ccaﬂrahﬂgement Thesmee di bfestEDs andfBetseruedts alkaor thdtmful

I nverse el ect | f ol g at e very t.he
transistor QL i s '{%%Jangf p%% the hég gér 3& o&%lfﬁﬁh cwdt°tas non=
descri bed abdﬁeumiﬁonmﬁtwe d@benahnyenmanﬁﬂnﬂaﬂNQﬁf$ﬁte?&iaac921nan be
timng chart é&lgggf 11ows: Fig. 7is atimng chart for
assistance in expl al ni ng t e control operation of when the printing
head having the wireRA s 2183n 89 <« arranged B ong an 25 arrangenent |ine

inclined by an angl eﬁe:ré.] m&hdbespeebht @rror té2 vhht bal é@ﬁddﬁiﬂd lageaas

h Fi 3 di
cace, the con@CSRATE ratsp” P FpRT SL AN cRRLeF bR 5% S HHEH gl
up- courik0 ngl shoowrhein-Big. uld dove Dmlivwss 10 to 13, 30 respectively.

The count value of t cQuB§e7 %Q-Eﬁs‘%) X yW@n=qu?55nana%afmfbdwi{Egn
to the printing data
(5) _
Fig. 11 is. a graph showing the relationship between
the character height error €1, the dot pitch error €2
15 and the inclined angle 8, in which the vélues as listed
in Table 1 are used as the values a and b of the actual
printing head values. Fig. 11 indicates that the dot
pitch error €2 is a more serious factor to the printing
quality, than the character height error €1. _
20 On the other hand, Fig. 12 is a graph showing the
relationship between the printing noise (dB) and the
inclined angle & of the wire pin arrangement lines I and
R with respect to the virtual vertical direction, the
delay time td of the pin drive timing. Here, the delay
25 times td taken along the abscissa are offset times of the
impact timings among the adjacent wire pins arranged in
the respective wire'pin lines, which can be expressed by
the following formula:
td = 2-a*sin 8/ Ver ..ce.. (6)
30 where Vcr denotes the carriage scanning speed.
The delay time td as shown in the abscissa in Fig.
12 corresponds to middle class printers such that 300
characters of a standard size (10 characters are afranged
within an inch) are printed per sec (300 cpS).
35 Therefore, it should be noted that the delay time td
corresponding other class printers of 100 or 200 cps are
not shown. Fig. 12 indicates that the noise reduction



frregi ster 1 and further the printing basic timng signal PST is inputted

to the turn-on tine generating circuit ﬂ the turn-on tine generating
circuit 30 outputs the 35 turn-on tine sig él HPWL. In response to the
falling edge of this turn-on tine signal HPWL, the 8-bit counter 6
starts counting the delay tine td. . Wien the delay tinme - . td
has el apsed, a clock signal is generated fromthe 8- bit counter 6 to
the 4-bit up-down counter 10, so that t he count value of the counter 10

changed from - 1efffet coniféeges ttomghlyi ghal aYOEOhstantpulala:cé f whent hghe

decimal 5 decoggl 14 ‘Fégﬁ#s agbglthreépagg ﬁl?%ﬁbizﬁ.%nﬂf %

stored in the pr| |ng d IS S
as FS1. \WWen apstimdinge|speead.ne tﬂl"tima@lue @@HMPO@%IQRWM gl@llay stme

outputted from tlge -8y Y u se& WH&fe Gl ﬂﬁlﬁ,{&tsé& oypmxrgﬁr 10, so

that the 10 count val ue ﬁe count er nged 't

signal YICi$ output féd Q?Bﬁf?}ne e nﬁFmHEc&fertﬁ!ﬁ %?-1°"’achlte c@?FeMﬁh ng
to the wire pine#zoxt of2dikn dbvat 50 % from the standpoint of printing

quality. The inclination angle & of the printing head
corresponding to this limit is about 4. 5 degrees. The
inclination angle of 4. 5 degrees of when €2 = 50 %
10 matches the angle & at which the printing noise reduction
effect roughly converges in Fig. 12. Therefore, it is
ulnderstood that there exists an optimum angle wvalue
within the range where the €2 is less than 50 %, by
which both the printing quality and the printing noise
15 reduction can be both compatible with respect to each
other. Therefore, the range of €2 < 50 indicates the
range as expressed by the formula (1) on the basis of the
formula (5).
Further, in this embodiment, since the printing head
20 101 is inclined with the wire 1line center O as its
center, the change in distance d between the end 111 of
the printing head 101 and the platen 105 is symmetrical
with respect to the horizontal line (i.e. upward and
aownward), so that it is possible to minimize the harmful
25 influence of the change in distance d upon the prlntlng
| quality.

Fig. 13 is a block diagram showing an embodiment of "
the control circuit for determining the timings for
driving the réspective wire pins of the pri'nting head

30 101. In this control circuit, a printing data latch
circuit 210 connected to a data bus 200, for 1latching
printing data is connected to a printing data outputting
circuit 220 for turning on or off the printing data for
each wire pin. Further, a printing start timer 310 for

35 generating a pulse with a period of the delay time td is
connected to a printing start control circuit 410. The
output of the printing start control circuit 410 .is



brinting data N register 1 is stored in the flip-flop 19 as FS2.
Successively, bits corresponding to the mﬁrg 15 pins #3 to #9 are stored
at- the delay tinme intervals td. After thdobit corresponding to the wire
pin #9 has been stored as FS9 and further the delay tine td has el apsed,
t he count value of the 4-bit up-down counter 10 is 9, so t hat a signal
YOC is outputted fromthe deci mal decoder 20 14 in order to stop the del ay
time (td) counting of the 8-bit counter 6 and to reset the initial count

val ue of t he cémltidctind dopp Ccehet ertefminald. of the !l p¥EAPPAGE ‘@adae

RIS RN RTINS UYL R A C AR D

clock signal iswiererpiresl, fram tilee Ssamé waynt & primtime stop- bimewp-3BoMNn

Then. - the a si G SrdeAr iy et it g S ofi R Ay HaR, ta

clear the bi 5 3dsdamnegtesbriesp@uiinting stop wont ol c¢ircrit f2dr.ed The

ek’ Wonay” Pbgs, e coBobRShe1dS, Yrobl Tontied 6sseuf) 0GRL, 42

up- down count er connegtedat tphethe chigumippale oPf hdhourdeintingchdadea

to 1.  Then, ao%Qgﬁman Yé&bﬁi@utmteer&égﬁbhasngecﬂdmhhéeq%eé&@

clear a bit datg e e PRuTthEr G4 Brihifad Bo€rdl¥s1gn3l®n90e 24
p op : ely; d

10 is connected to the printing data latch circuit 210, the

-printing start timer 310, and the printing stop timer
320. In Fig. 13, only the control circuit for the wire
pin line L is shown, however, another similar control
circuit is also provided for the wire pin line R.

15 In the control circuit as shown in Fig. 13, a buffer
circuit can be used as the printing data latch circuit,
and a flip-flop array can be used as the printing data
outputting cirecuit 220. Further, as the printihg start
control circuit 410 and the printing stop control circuit

20 420, a combination of up-down counters 411 and 421 and
decoders 412 and 422 can be used. In this case, the
output of the buffer 210 is connected to the data
terminal of the flip—~flop array 220; the output of the
decoder 412 is connected to the trigger terminal of the

25 'flipfflop array 220; and the output of the decoder 422 is
connected to the c¢lear terminal of the flip-flop array
220. .

The operation of the control circuit as shown in
Fig. 13 of when the carriage 102 moves in the arrow

30 directipn' as shown in Fig. 9 will be described with
reference to a timing chart shown in Fig. 14, in which
the high level indicates turn-on status and the low level
indicates turn-off status.

The counting direction of the up-down counters 411

35 and 421 is previously set to up-counting by a control
unit (not shown). First, when the printing control

signal for the wire pin arrangement line L is turned on,



10 : corresponding to the wire pins #3 to #9 are cleared at t he

. delay tine intervals td. After the bit datg FS9 corresponding to the
wire pin #9 has been cl eared and further “he delay tinme td has el apsed,
the count value of 5 the 4-bit up-down counter 11 is 9, so that a signa
YOoC I's outputted fromthe decimal decoder 15 in order to stop t he
delay tine (td) counting of the 8-bit counter 7 and to reset the initial
count value of the 4-bit up-down counter 11 to -1. 10 The

succeedi ng pri ntdheg Ldﬁi@u@g eda\tatb@ﬂnﬂt Butpattedotber e iddta) o200 is

register 2. ThIS cause. when ., ceedin prjntl ti

si gnal PTS i's qéﬁ?f ﬁy iﬁﬁrﬂﬁlﬁkﬁQEOaagﬁné ?ﬁﬂég 2?@ ﬁﬂ42ﬁ£

In quite the samherasame atmum ke cpmrrﬁﬁmmdlmﬂm tihimehd BICe [Btrtid

oy | esPect Vel =t ohRe BOGRRNERTS, st BB HRd TRphadl”
HPWL and HPWS oﬁalthae rﬁlep*yfhepde@crébpdndbngetoi tthies wicesigilne #clo of the

determ ne the \%ﬁ:‘i i '&Eth ohliéutturﬁ%f%@z@néthQ&%lﬁl%é S0
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speed printing. the printing data bit corresponding to the wire pin #1 is

' outputted from the printing data outputting circuit 220.

10 Thereafter, when -the delay time td has elapsed, the

printing start timer 310 generates a pulse. The

generated éulse is inputted to the up-down counter 411,

so that the output of the decoder 412 connected to the

trigger terminal of the flip~-flop corresponding to the

15 wire pin #3 of the printing data output circuit 220 is

tuned on. Therefore, the succeeding printing data bit is

- outputted from the printing data outputting circuit 220.

In the same way as above, the continuous printing data

bits for the wire pin line L are outputted from the

20 printing data outputting circuit whenever the delay time

td has eiapsed._ The outputted bits are inputted to a

printing head driver (not shown) to drive the
corresponding wire pins, respectively.

When the time width tw required to drive a single

25 wire pin has elapsed as shown in Fig. 14, the printing

control signal for the wire pin arrangement 1line L is

turned off, and further the printing stop timer 320

starts counting. The decoder 422 turns on the clear

terminal of the'flip-flop corresponding to the wire pin

30 #1 of the. printing data output circuit 220 for

initialization, so that upon the turning off of the

printing control signal, the printing data bit

corresponding to the wire pin #1 is not outputted from

- the printing data outputting circuit 220. Thereafter,

35 when the delay time td has elapsed, the printing stop

- _ timer - 320 generates a pulse. The generated pulse is

inputted to the up-down counter 421, so th&t the output



Further, in the above-nentioned enbodinent, since the timng signals
. for driving the respective wire pins 25 are controlled by including the

"~ correction of dispersion in the nounting“dngle of the printing head, it
S possi ble to obtain a higher printing quality. An enbodi nment
of .the second aspect of the printing head according to the present
invention will be described 30 hereinbel ow. Fig. 8is a
cross-sectional view show ng the mnutual positional relationship between

the print il'gg heask aﬂﬁbtck@%odefﬂ mzsgeonﬁeﬁfé@}wgtﬂi?géléai i:érF']:ﬁDb'é‘I e@fﬁﬂhQS
carriage 102 fNkiEeld, P BRORh g g AL 10Pek Ny Vo e
central positiopfimfindelata contmet asidesiti 220 is tahed.onn arthieteforefhe
Shaft 103 and arivenoppogetind’brinting data bik "PeCpECpbSAN HIRA B °
shaft 103 in5 aukputitedtfoompihel pgintdnghslaba Luliputiing aclrcuios 220.
o In the same way as above, the continuous printing data
bits for the wire pin line I are stopped from being
outputted £rom the printing data outputting circuit
whenever the delay time td has elapsed. Therefore, the
10 printing head drivers (not shown) stop driving the
corresponding wire pins.
In general, the interval b (in Fig. 10) between the
two wire pin arrangement lines L and R along which the
.wire pins are arranged in zigzag fashion is so designed
15 at to be an integer times of the dot pitch, and the wire
pin arrangement lines L and R are driven at the same
timing. In the case of the printing head having the
values as listed in Table 1, the wire pin arrangement
“line intefval b is 1/30 inch, which corresponds to the
20 distance of 12 dots for high quality printing. In the
case of the present invention, however, since the
printing head 101 is mounted in the inclined state by an
angle 6 which satisfies the formula (1), the horizontal
distance between the two wire pin arrangement lines L and
25 R is ¢ as shown in Fig. 10, which is shorter than the
original distance. Therefore, when the carriage 102 is
_scanned in the arrow direction shown in FPig. 9, the
printing control signal of the wire pin arrangement line
L must be outputted from the control unit (not shown) a
30 correction time tr earlier than the printing control
signal for the wire pin line R, as shown by the printing
timing chart for all the wires shown in Fig. 14. The
correction time tr can be expressed as follows:
tr = (b - (a2 + b%)Y2 . cos (¢ + 6)) / Ver .... (7)
'35 where ¢ = tan™! (a/b)
- When the carriage 102 is scanned in the direction
opposite to the arrow shown in Fig. 1, since the sequence



the vertical direction on the paper). The wire pins are 5 arranged on a
head portion 111 of the printing head 101. Therefore, characters can be
printed by scanning the  printing head 102&nd by striking a printing
paper 107 by the selected wire pins with an ink ribbon 106 interposed

t her ebet ween. 10 Fig. 9 shows a front view show ng the printing head
101 nmounted on the carriage 102 when seen fromthe platen side. On the
head portion 111 of the printing head 101, two arrangenent |lines of the

wire pins set bebagthec!dfbeen watea iy afust obet e vidrsedy ntl@ér&buh}tmg
angle [err] (Mhl&h 15 SatISflﬁ%l ‘gﬁnula 1 elomb th d8 ecy to % g
virtual vertical 9HFEEEEPBNOF: %Nﬁq" n (FPURERER i 55 oPEENEC
'EI gten 103) the dmﬁx[@uu]ntinq d2recbjon by the co(lﬁiol Weéaoﬁnd
enote di stancg sho ed.view
showi ng the wre %?ﬁﬁ) kHSr(aﬁhédprngﬁgg P h?Fﬁ ﬁg§8320§@ &h n"&&&n
from t he s depbh aneapgemenhglpapen sarsaceonrtmo\l.ﬁedhbyhe wonsrol pnig

are arranged al OPﬁo{:h%hfo%)aféé‘“%”w b tted' Qarhg'rgb Oy %o#‘?:EEt
arrangenent |ine I's copposed, of 12 wire ﬁﬁglns nbers rom

#23 and a right tlmﬁrFﬁn@EﬁBﬁﬂlpPﬂebR FRecBRpBYAA 67)12 wire pins of even
nunbers from #2 to #2purthét|t har ,th@%tfbﬁ-aﬁmmdaeemmdimam anenhp-

. Wire pins is 2. ag and _t he, di stanc the two.arr.an s IS
b Elrther: ¢ helpRoERiRbEr38RY; FRS AREORRE AF PangERiPReRE RBSr REAPEINE,
such a way 10t hatattbe coertirexls cir¢mmtmﬂﬂalnrwthé @ rimghgebemt conteol
are located at t@frﬂhﬂg'ﬂzeo'”%ﬁéﬁ%&%*ﬁbi&@ 1 6RPEEL! Vfiereto, however, it
is possible to wuse other circuits such as shift

registers, for 1nstance.

In the above-mentioned embodiment, in order to

15 offset the driving timing between the wire pin
arrangement lines L and R by a correction time tr defined
by the formula (7), it 1is necessary to provide both

- independent drive timing control circuits for each wire
pin 'arrangement line L and R, so that there exists a

20 problem in that the circuit configuration is rather
complicated and therefore costly..

To solve this problem, another embodiment will be
described hereinbelow. In this embodiment, a half of the
delay time td is used instead of the correction time tr

25 between the wire pin arrangement lines to use in common
the timing control circuit for both the wire pin
arrangement lines L and R. In other words, the driving
timing control circuit is so configured that the wire

- pins are driven in sequence in the order of the pin

30 numbers at time intervals of td/2 to control the two wire
pin arrangement lines L and R by the single control
circuit. In this case, however, since .an error is
produced between the accurate correction time tr between
the two wire pin arrangement lines and the correction

35 time td/2 used by the control «circuit, a printing
positional offset occurs inevitably, so the printing
qﬁality deteriorates. This error €3 can be defined by



two wi're pins of the other arrangenent line. Here, the m ddl e poi nt of
the oblique line connecting the first 35 uppernost wire pin #1 of the left

W re pin arrangemnent line and the last I¥ernost wire pi n #24 of the
ri ght wire pin arrangenent line is defined as a wire pin array .

12 center 0. Further, Table 1 below |ists exenplary val ues of
a and b. TABLE _ a 1
/ 180 (inch) 5 ' b 1/ 30 (inch) Here,

originally, the
correct hei ght
wre pin . ar
direction. The
by an angle [er
changes as calc
5

10

15

20

25

30

35

DibrEdveingad WiktanciestaPeected b9 e cherest sy ima
C condi i ons hat the res gc%
rt

G nERom meshor tBed” @33EaBRR (T )y Hatieem ¢
ref o epinf atritfangementi 11 iatesangbvent byi ntre formtula i () i aad
[ﬁ%\?gﬁggg\é\?ébﬁu%ﬁf d]iostoaet*éck?\[ in tROAAESE' t%e't%pet'ggf{crzl]l e
between the dots as follows:
€3 = [b {1 - cos(g + 8)/cosg} - Vcr. td/2) / e x 100

= [b {1 - cos(¢ + 8)/cosg} - a. sin 8] / e x 100

= b .(1 - cos §)/ e x 100 eee  (8)

When the above formula is applied to the printer
(360 dpi) which can print 360 dots per inch, the formula
(8) can be expressed as follows: _

€3 =Db (1L -cos 8) - 360 / 25.4 x 100 ..... (9)
where 1 inch is 25. 4 mm and the distance b between the
wire pin arrangement lines is also éxpressed in the unit
of mm. ' '

Fig. 15 is a graph showing the relationship between
this error €3 and the inclination angle & of the printing
head 101, in which the angle 8§ is taken on the abscissa
and the error €3 is taken on the ordinate. As already
explained, since the dot pit error €2 is more serious
than the character height error €1 for the printing

Ive
WO.

quality, the dot pit error €2 shown in Fig. 11 is

compared here with - the error €3 shown in Fig 15. The
error €2 is an error in the vertical direction, so that
‘this error exerts an influence only upon the roughness
and fineness of vertical ruled lines. On the other hand,
the error €3 is an error in the horizontal direction, so
that this error exerts a serious influence upon the
straightness of the vertical ruled lines. In other
words, it is understood that the error €3 is more
serious than the error €2 with respect to the printing
quality. The allowable limit of the error €3 is about
4%, and the angle ¢ borresponding.to this value is about
4. 5 degrees in Fig. 15. This angle ¢ is roughly a value
to which the noise reduction effect converges as
understood in Fig} .12, Therefore, if the inclination
angle § of the printing head is smaller than this value,



[err] '= 2 ((23.a/2)[err] + (b/2)[err])[err] sin ([err] + [err]) ... (2)
15 where [err] = tan[err] (23.al/b) Here, if ([err] + [err])
exceeds 90 degrees, since the ri ght ot | eft positional relationship
between the wire pins (e.g., #1 and #24) arranged at the ends of the
wre pin arrangenent lines Rand L is reversed, so that the 20 pin #1
Is located on the right side of the pin #24. Accordi ngly; the val ue of
([err] + [err]) is determ ned |ess than 90 degrees. In this range,

the character hejghtig pomsté)abﬁeélhh%é fpéuﬂbi nﬁda ey “hehin an
e

rinting head nclined. 25 - error err
Eah Leg expr essBY ogg%&é ré?ﬂﬁc&ﬁﬁagﬁo?SFPgiépgth@° (NtW%JdﬁlfL

ﬁor r ﬁCt Lerr] ch?raetangbmreght 1ddesa I amlR rattiedaf smﬁglbe coharatt @ircult.
el t err (0] en.Lnc an_an ect _t

Uit tual Lverti ol APy RERIAACHS T £2BeBRREE, RIS ANFalnsEIRES nbls, rangd as
foll ows: 5 a genegal] Jexpz(ésmm a) In (@@hex) words), . it. 153).1nderstood
rurther, when thenp At WbdHifth 194148 \ofpatB1RY with %tﬁnghghg[ﬂr Wling

W th respect the ver | on
hori zontal 1ine guggrhg1ﬂﬂ¢m§hetm§x§$#ﬂgmnelgeuﬁﬁdﬂﬁ%%%m extstpywithin

adj acent wire p'ﬁﬁeaéﬁémﬁeﬁange bﬂp&égséﬂrByptﬁeafbiﬁﬂﬁaewl)|'ne Ris

offset downward am?é. XG 1§5§ r¥§é¢)61§§r§mogﬁow1nglg 51ng12r%g5%Q%l

10 - circuit for determining the timings for driving all the

wire pins #1 to #24 arranged on the printing head 101.

In this control circuit, a printing data latch circuit

' 510 connected to a data bus 500, for latching printing

data is connected to a printing data outputting circuit

15 520 for turning on or off the printing data for each bit

~  corresponding to each wire pin. Further, a printing

start timer 610 for generating a pulse with a period of

the delay time td is connected to a printing start

control circuit 710. The output of the printing start

20 control circuit 710 is connected to the terminals of the

| printing data outputting circuit 520 corresponding to the

respective wire pins. In the same way, a printing stop

timer 620 for generating a pulse with a period of the

delay time td is connected to a printing s'top.-control

25 circuit 720. The output of the printing stop control

circuit 720 is connected to the terminals of the printing

data outputting circuit 520 cbrresponding to the

respective wire pins. Further, a printing control signal

line 530 is connected to the printing data latch circuit

30° 510, the printing start timer 610, and the printing stop
timer 620.

In the control circuit as shown in Fig. 16, a buffer

" circuit can be used as the printing data latch circuit

510, and a flip-flop array can be used as the printing

35 data latch circuit 520. Further, as the .printing start

control circuit 710 and the printing stop control circuit

720, a combination of‘ﬁp—down counters 711 and 721 and



13 E hori zontal |ine passing through the m ddl e point between t he

tow adjacent wire pins arranged in the mireﬁitn arrangenent line L,
this offset exerts an harnful i nflue upon the printing quality as
~dot non- 5 wuniformity. The above-nentioned of fset value p2 can be
expressed as foll ows: p2 = b.sin [err] ......... (4) Her e,
the dot pitch error [err]2 can be expressed as a percentage ratio of the

of fset value p2 to a pitch pl 10 (shown in Fig. 10) as foll ows:
[err]2 = p2 / (adeesdbesr]dlx 4AQ T2/ eant e [esed. X 1t>ﬁ> this. case, thed)

Fi 11 is a gra h sh ng the r ons bet ween ar a ei_ght
elr?or [elrr] 1, g 58\“8\31 ?gh gll‘?o‘rebl?%#?ﬁ Zh!lgo it ﬁ?é“}%tl edn g" a" BF‘:t%
in which the vaJuesmaaallsEe¢he frigefilep 1 areays&R0gs the cutmels afamﬂeb

of the act ual ?g&baakn%ae% ‘eotiigerea LY, chE WAL L IR of Ok e

pitch error [err e "serTt ous ac or to the pr
than the charactEiipefyop array pad0:r] and2the outputi bé &hbedehader EQQ is2

is a graph show &sn{\asrea %) aeﬁﬁna&barbeéaﬁmélheofrlm gL 9 néidﬁhgs}d

t he inclined an err] of the wre pin arrangenent |ne
W th respect to 5% evirtual vertical direction, the

The operation of the control circuit as shown in

Fig. 16 of when the carriage 102 moves in the arrow

10 direction as shown in Fig. 9 will be described with

reference to a timing chart shown in Fig. 17, in which

the high level indicates turn-on status and the low level
indicates. turn-off status. | :

The counting direction of the up-down counters 711

15 and 721 is .p'reviously set to up-counting by a control

~unit (not shown). First, when the printing control

signal for the wire pin arrangement line L is turned on,

the printing data being outputted to the data bus 500 is

latched by the printing data latch circuit 510, and at

20 the same time the printing start timer 610 starts

counting. The decoder 712 turns on the trigger terminal

of the flip-fiop corresponding to the wire pin #1 of the

printing data output circuit 520 for initialization, so

that upon the turning on of the printing control signal,

25 the printing data bit corresponding to the wire pin #1 is

outputted from the printing data outputting circuit 520.

Thereafter, when the delay time td/2 has elapsed, the

- printing start timer 610 generates a pulse. The

generated pulse is inputted to the up-down counter 711,

30 so that the output of the decoder 712 connected to the

trigger terminal of the £lip-flop corresponding to the

wire pin $#2° of the prihting data output circuit 520 is

tuned on. Therefore, the succeeding printing data bit is

_ outputted from the printing data outputting circuit 720.

35 In the same way as above, the continuous printing data

bits are outputted _frdm the printing data outputting

circuit 520 whenever the delay time td/2 has elapsed.



delay‘tinme td of the pin drive timing. Here, the delay 25 tinmes td taken
al ong the abscissa are offset tines of the i npact timngs anong the

. adjacent wire pins arranged in t he respe&g ve wire pin lines, which can
- be expressed by the follow ng fornul a: td = 2.a sin [err]/ Ver
...... (6) 30 where Vcr denotes the carriage scanni ng speed. The
delay tine td as shown in the-abscissa in Fig. 12 corresponds to mddle
class printers such that 300 characters of a standard size (10

characters aff*fﬁﬁé”ﬁﬁ%?utt&ﬁtbiﬂsaﬂré”ﬁﬁ%uﬁﬁédpﬁb”&eﬁrBﬁElﬁéché§90d§P§ér
35 Therefore d be noted that t e delay tine correspondi ng

ot her cl ass prlerQ% o#hewe) orteo0d Ebgearé € QQﬁF%§RRM§1n9HQY1H2 pins,

i ndi cates that . tfgggg&sﬁvégﬁuctlon 14
ef fect converges roug@r%rét gha anst ant e when th

(a e a gLe [err#.
reaches about 4. 5 d c‘ﬂ'@‘é ¥t pReaul nF?ng df8ed Thigle
val ue corresondsite® phe d'tasayelapsed aed shcﬁal (jer Figec)lwhethee t peinting

printing speed igR00,fPSignal for the wire pin is turned off, and

' further the printing stop timer 620 starts counting. The

decoder 722 turns on the clear terminal of the flip-flop

corresponding to the wire pin #1 of the printing data

10 output circuit 520 for initialization, so that upon the

turning off of the printing control signal,; the printing

data bit corresponding to the wire pin #1 is not

outputted from the printing data outputting circuit 520.

Thereafter, when the delay time td/2 has elapsed, the

15 printing stop timer 620 generates a pulse. The generated

pulse is inputted to the up-down counter 721, so that the

output of the decoder 722 connected to the clear terminal

of the fiip-flop corresponding to the wire pin #2 of the

printing data output circuit 520 is tuned on. Therefore,

20 the succeeding printing data bit is stopped from being

outputted from the printing data outputting circuit 520.

In the same way as above, the continuous printing data

bits are stopped from'being outputted from the printing

data outputting circuit ‘520 whenever the delay time td/2

25 has elapsed. Therefore, the printing head drivers (not
shown) stop driving the corresponding wire pins.

When the carriage 102 is scanned in the direction
opposite to the arrow shown in Fig. 9, since the sequence
of the driven wire pins must be reversed, the counting

30 direction of the up-down counters 711 and 721 is set to
the -down counting direction by the control unit (not
shown). _

Further, in the above-mentioned embodiment, the up-
down counter and the decoder are combined as the printing

35 start control circuit 710 and the printing stop control
circuit 720. Without being limited thereto, however, it



5 *In general, the limt of the allowable dot pitch error [err]2 is
about 50 % fromthe standpoint of printing quality. The incljnation
angle [err] of the printing head corresp@ﬁding tothis limt is about 4.
5 degrees. The inclination angle of 4. 5 degrees of when [err]2 = 50 %
10 matches the angle [err] at which the printing noise reduction ef fect
roughly converges in Fig.. 12. Therefore, it is understood that there
exi sts an opti mum angl e val ue within.-the range where the [err]2 is |ess
thgn 50 % by bis/\bhipdssbbbmet Bleopr uslel ng:tmaitqiwd%]tbe au':]:hti e Ecéhs?fﬂS
reducti on can be bath compatible with respect to eac other. Therefore,
the range of [errﬁgf'sg:es?‘i %é%a’t%%%#l]%e‘ range as expressed by the fornula
(1) on the basis of the formula (5). Further, in this

enbodi ment, since the printing head 20 101 is inclined with the wire |ine
center 0 as its center, the change in distance d between the end 111 of
the printing5Shead 101 and the platen 105 is symmetri cal with respect to
the horizontal line (i.e. upward and downward), so that it is possible
to mnimze the harnful 25 influence of the change in distance d upon the
printing quality. Firlg. 13 is a block diagram show ng an

enbodi nent of . the control <circuit for determning the timngs

for driving the respective wire pins of the printing head 30 101. 1In
this control circuit, a printing data |atch circuit 210 connected to a
data bus 2080 for |atching printing data is connected to a printing data
out putting circuit 220 for turning on or off the printing data for

15

20

25

30

35



each wire pin. Further, a printing start timer 310 for 35 generating a

pul se wth a period of the-detay-tinme td is connsg

start control c¢j ' out put #4 t he prirﬁm%@'@ﬁg ASCEEEN I
circuit 410 Isl“iﬂu«n“u)i“ﬂmugﬂi‘ 15 REPIASERect ed|t o
the termnals off sdat a outputting circurt 220 correspondi ng
to the respective wire pins. ‘'In the same way, a printing stop tinmer 320
for generating a pulse with a period of the delay tine td 5 is connected

to a printing stop control circuit WRRT IT8eCLAIMBEDPIS:of the printing stop
control circuit 420 is cannected to_the termnals gf t he gnhgﬁhg&a‘atg_

outputting.circnﬁt 220 c%rf@gﬁWH&in t 8% HEBHREFDEST ROV
Further, a printpmintciong r dlead grialcludimg@3@nl0 aryayonempesedo bfe pmpattng
data latch circ 'tmﬁ%gist h Nty t | a riptin
stop timer 3L2u01.e n Fig. ri%_a,n%r'r'#y'%%gnéo?\%é%}fié?écﬁﬁ}?t?opld?%égﬁ\fregé gin
line L is shown vimkwakr vextdiedr dimecgiogentfor confiraliing stimiag of
provided for thegM¢fng! Babh"®R the impact elements so that the impact
' - - elements of the array are driven on a 1line along the
virtual vertical direction, comprising:
delay rate register means for storing a

predetermined delay time according to an inclination
angle of the impact elements;

turn-on time generating means for generating a
turn-on time signal having a predetermined time width;

start timing control means responsive to a start
of the turn-on time signal, for starting driving the
impact elements of the array in sequence at the delay
time intervals; and .

stop timing control means responsive to an end
of the turn-on time signal, for stopping driving the
impact elements of the array in sequence at the delay
time intervals.

2. The circuit of claim 1, wherein said delay rate
register means comprises: o

basic delay rate register means for storing a
predetermined basic delay time corresponding to a preset
value of the inclination angle of the impact element
array; :

correction rate register means for storing a
predetermined-cdrrection time corresponding to an error
value of the inclination angle of the impact element
array; and ,

- addition register means for storing an added
value of the basic delay time and the correction time as
the delay time. |
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15 "+ In the control circuit as shown in Fig. 13, a buffer circuit can
be used as the printing data latch circuit, an lip-flop array can be

prrncio' oot ANAAREIANLR £ (B 290HS SUEEDOAS gEE fle

20 420, a conbi'nafioh df dp-down counters 411 an ers- 412
‘and 422 can be used. In this case, the out put .of the buffer 210 is
" connected to the data termnal of the flip-flop array 220; the output of
the decoder 412 is canngatief tim &@ttptﬂﬂ@értpfawaédomthea2@rfmtnnfgi op.

array 220; and ‘the_output of the de der connected.ta the ¢ eqr

term nal of theh?PﬁpHQWﬂP%U?%ylmPa element a?ﬁﬁ oFEFANSEH o t FRC
control circuityag thawn twd arfﬁﬂgeﬁéhtﬁlﬂﬁem {be Rjreaapechfiposedesti a

the arrow 30 d|r ct| nsﬁzrgggngwhchlge&%m%h bg“%giﬁrhbegt bESIﬁlPe

reference to a P F
i ndi cat es turn- mntetaa&s afd 2shaartevposibioned indpazadielukn- 6BF spébﬁg

The counting dlgeg&b%n@e tipe BaQQV‘”‘fxfd&WEé‘éﬁ ééﬁe§5aﬁadfﬁ%%hb§ We%'%' y

set to up-countin a contro uni t ﬁinot shown). _, First

the printing ceﬁtﬁﬂe respaqfiye f FpPagke fLeBepEH 8#r§n§@ﬁ§ﬁt§r95§3?“%9g

turned on, line (R) are located on lines passing through respective
middle poinfs between the two adjacent impact elements of
the second arrangement line (L) and perpendicular to a
direction along which the second arrangement line (L) is
set, wherein the printing head is mounted on a carriage
under condition that two arrangement 1lines (L, R) are
inclined with respect to a virtual vertical direction by
an angle § which satisfies the following formula:

tan 8 £ a / (2 - b)

4, The serial impact printer of claim 3, ‘which
comprises:

printing data latch means for latching printing
data; '

printing data outputting means connected to said
latch means, for turning on and off each bit of the
printing data correspondlng to the respective impact
elements; | | :

printing start timer means for generating a
.pulse with a constant perioa td defined by

td =2 - a - sin § / Ver
where Ver. denotes a carriage speed;

printing start control means for controlling
said printing data outputting means to turn on in
sequence each bit of the printing data corresponding to
the respective impact elements whenever said printing
starE timer means generates the pulse;

printing sﬁop timer means for generating a pulse

with the constant period td; and

This Sheet Has Been Replaced
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F the printing data being'outputted to the data bus 200 is
| at ched -by the printing data latch circuit %%0 and at the sane_tinme the
printing start timer 310 starts . counting4® Therdecoy tdgERs| on the

trigger termin ﬂ m L“l MIop correspondlngﬂ M Enpl N of the
printing data 3“] nm‘ l “ for initializatidn, sdEPLAD t he

turni ng on of the prlntlng cont r ol si gnal , the printing data bit
corresponding to the wire p|n #1 is - outputted fromthe printing data
outputting circuit 220. fﬁq5§%6 rcon@@éﬂ mEEﬁsdeQycdﬂﬂF%lﬂM%d“#hld
el apsed, the printi ar

ener at es
gener at ed puIsePFéntHﬂ&tQ§FQo°Pﬁ9uﬁﬁlﬂ&meﬁﬁgtEP Fprn ofgolpmﬁeqqﬁnce
output of the dggedler b4t2 egnnenkedptdntbfg dataggeoriespondingf tde the

flip-flop corresponding to the 1 W e RN #3. of th pr.i. o] t
circuit 220 is resPﬁﬁéiWﬁ11Wﬂ%F f GAE SHEEEEHF {&1 gbgggﬁgigg%ﬁ
outputted from tlimegr i meang dgememltemt thhag puleeit 12120 set | pft halbartdhenay

as above, the co:t}t 'v%%%n@%{)ﬂ%hng (e%tr?s ??‘Bﬁg g’l[ rdviEadd reefE N khie h:ﬁy

out putted from & A out pu rcurt whenever the
tinme td has elrapsgemernthdinespdite®R)oits are inputted to a printing
head driver (not shown) to drive the corresponding wire pins,

respectively. 5. Vﬁf”séPlai'1mpac9t2r3%%E%q%£3%1d%% %H€ﬁ3€i§¥fgkfhg
head having an impact element array arranged in such a
way that two arrangement lines (L, R) each composed of a
plurality of impact elements arranged at positional
intervals of 2a are positioned in parallel to each other
a distance b apart from each other and further centers of
the respective impact elements of a first arrangement
line (R) are located on lines passing through respective
middle points between the two adjacent impact elements of
the second arrangement line (L) and perpendicular to a
direction along which the second arrangement line (L) is
set, wherein the printing head is mounted on a carriage
under the condition that two arrangement lines (L, R) are
inclined with respect to a virtual vertical direction by
an angle - which satisfies the following formula:

b (L - cos 8) /e x 100 < 4 .

where e denotes a pitch between printing dots of the
impact elements. '

6. The serial - impact printer of claim 5, which
comprises:

printing data latch means for latching printing
data; _

printing data outputting means connected to said
latch means, for turning on and off each bit of the
printing data corresponding to the respective impact
elements; ' .

printing start timer means for generating a

pulse with a constant period td/2 defined by
' ‘ : This Sheet Has Been Replaced
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25 Wi r‘e pin has el apsed as shown in Fig. 14 the printing control signal
ned of f, and further the

printing stop t| uﬁ ”l H“ counti ng The coder 422 turns on the
clear = term ng u I;p correspondi ng | tTe}i$ IsﬁEp_mrr #1 of
the printing data*out put 220 for initifalizag mspm{%at upon
the turning off of the printing control signals thc “"nlnn daka bit

corresponding to the wire pin #1 is not outputted from t he pr|nt|ng dat a
outputting circuit 220. tdiker2af teers, s’%fnvme/ﬁ ¥dre delay tinme td has el apsed,

the printing st r eral tes ul se. The generated pulse is
I nputted to theagﬁrgo &fi\%%é%%l l[‘al%ftost‘i?cfddut put

17 of the decoderpmaﬁtnzmnesﬁaatt t cconer @l eameans nifoat a:forttmplllng
flip-flop corregq_dl tn‘?:tn Waiq P | n t
circuit 220 is t%ngd n.l Igef t% dﬁeﬁ% sucntcd(;eg‘ né’%r :%trcl’lt [ %g at a [ ?H% S

st opped from beﬁﬁ@uegceolﬁa}ﬁht’éﬂtfpgmtt% printing data sersespondisior it
220. the respective impact elements whenever said printing

start timer means generates the pulse;

printing stop timer means for generating a pulse
with the constant period td/2; and

printing stop control means for controlllng said
printing data outputting means to turn off in sequence
each bit of the printing data corresponding to the
respeétive impact elements whenever said printing stop
timer means generates the pulse, a set of all the above-
mentioned means being provided for the two arrangement
lines (L, R).

\
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I'n the same way as above, the continuous printing data bits for the
~Wre pinline L are stopped from being gutputted fromthe printing data
outputting circuit whenever the del ay tfe td IS WAS ptpgr|ef ore,

the 10 printing head drivers (not shown) stop drivjn orregpondi ng
~Wwire pins. In general, the interval b (in Flﬂ KjLIﬁ(tzel.zr_‘fma:e.n_the

two Wi re pin arrangenent I|nes L and R al ong which t he Wre pins are
arranged in zigzag fashion is so designed 15 at to be an integer tinmes of

the dot pitch, and the wire AgngAcgnggang'btgggoguagd R are driven at
t he sane timng. In jhe case qf’the ad having t he, val ues
as listed in Table 1, hienvmare dﬂ%&‘?&n mﬁ'ﬁ’fe i fit eg{"/h?tbngs tl?ajg
i nch, which corhamﬂmgkan(nmﬁucQOWidespﬁncar@hylbﬁMHWDfam:dngﬂmén&ﬂlinES
printing ve % o= t.he.
printing head 18’% |r§°"r1r%g§ I n the&ﬁ%%g q’stﬁ“ﬁ Wie' et"11(512}1tgl g Fer?’jn
whi ch sati sfiSes atrr:@mnqma lines tare Hmﬂzm&dalby an dambmoﬁe mmpm
two wire pin ar wg&{@nmwﬁ bedRd cal ﬁfic L, Sh%
erefore en

i's shorter than th original distance. e carrlage %02
i s scanned |PHﬂﬁa%ﬂr%&PdPFéé¥|@ﬁ§ﬂﬂﬁ%ﬁ¢% Fth¥@1QQﬁadlf§ﬁIQQﬁrﬂF ay

control signal efirieheyMdelay ntﬁﬁéaaeéb'ﬁﬂinbl ®® thd InwTirdeiod kHgrs §7om
tine tr earller than. the

printing contrgne CoRfERY qurtuiE e pFRerrhitg’ W) Brave, {HRLnGS
printing  10ti comprds®est &ocizicuithefaw r éarshogn om £hg. rbspective wire
: gorrectlon t'”eg n agtbetﬁFpr&f?§§iEﬁ}ﬂé”'fﬁ%%rv s and TalPeiréGi€r Mfor
[err])[err]. cOs F[ / (55

turning off the respective wire pins in sequence at the
delay time intervals after a predetermined time has
elapsed. It is desirable that the inclination angle @

15 satisfies the following formula:

tan 8 £a /(2 - b) _
where 2a denotes the pitch between two adjacent wire pins
arranged along a single arrangement line of the array,
‘and b denotes a distance between the two arrangement
20 1lines of the array.

(Fig. 15)
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?;5 mhére [err] = tan[err] (al/b) When the carriage 102 is scanned

in the direction opposite to the arrow shown in Fig. 1, since the
seqguence : 18 of the driven wire
pi ns nust be reversed, the counting direction of the up-down counters
411 and 421 is set to t he down countkn 0'srection by the control unit
(not shown). Further, the printing c r signal of the wire 5 pin
arrangenent line Ris so controlled by a control unit (not shown) as to
be outputted earlier by a corr ety on time tr determ ned by the formula

(7). Further, in the

-nentioned enbodi 4 t he up- down
counter and the decoder agg ORI ned as the pr| nt /s start control
circuit 410 or the printing ) t'rol i rcy 20.63V t hout bei ng
limted thereto, however, i i é"E%sM EeDIR other «circuits
such as shift regi ste i Ast ance. n Lthe alpve-nenti oned

epbodi nent, in order to 1% oq the drivi g Jt ”HEQ\D%@WEenDIFﬁhe
wre pin '

FIG.1A PROR ART FIG.1B PRIOR ART
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arrangenment lines L and R by a correction tinme tr defined by the formul a
(7), it is necessary to provide both I ndependent drive timng control
circuits for each wire pin arrangenent line L and R, so that there.
exists a 20 problem in that the <circuit configuration is rather
conplicated and therefore costly. To solve this problem another
enbodiment wll be descri bed herei n?‘lgoz/g In this enbodi nent, a half of
t he delay tine td is used instead o he“correction tinme tr 25 between
the wire pin arrangenent lines to use in conmon the timng control
circuit for both the wire pin arrangenment lines L and R In other
words, the driving timng control ci CI“A"B Is so configured that the
wre pins are driven in sequence inIfie order of the pin 30 nunbers at
time intervals.of td/2 to control the t 'rle pin arrangenent lines L
and R by the single control circuit.s this case, however, since
an error is produced between the e HEABCMOVEL IDIR tr between
the two wire pin arrangenent |ines and correctiyon 35 tinme td/2 used
by the <control circuit, a printin positional offset occurs

I nevitably, so.the printing qugle #Yy: deteriorates. This error [err]3
can be defined by #9 19 :

Vp
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éubtra‘cting a distance corrected by the correction tine td/2 froma

shortened distance (b - c) between the two Wi re pin arrangenent |ines
given by the fornula (7) and by expressing this distance in the ratio
to the pitch e 5 between the dots as foll ows: [err]3 =[b {1 -
cos([err] + [err])/cos[err]} - Vcr. td/2] / e x 100 =[b {1 -

cos([err] + [err])/cos[err]} - a. sin | Vyj]/ e x 100 =b .(l -
cos [err])/ e x 100 - N | When t he above formul a
is applied to the printer 10 (360 dpi) which can print 360 dots per inch,
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the formul a (8) xpressed as foll ows: (3 =Db (1 - cos
[err]) . 360 / 25.4 x 9-040 ..... (9) where 1 inch is 25. 4 nm and
t he di st anceDETdet W]  wire pin arrangenent lines is al so expressed
in the unit 1BUSof n:gn: B P aphTSho®ITe T4 e rel gtionship
bet ween - this errgr (03@ ‘the inclination angle [err] ofHth i nting
head 101, in which tHe [err] is taken on the abscissa {[y§ahd gge
error [err]3 is tak on t h@ opfitH&tE: “As—atreaty20—¢% c)%(? Pnke
the dot pit error [e&fr]p— > ser@ous |®~Eant cha 'Eght
error [err]1 for th primg’tn t hE 008 YR shown
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and fi‘neness of vertical ruled lines. On the other hand, the err.or

[err]3 is an error in the horizontal direction, so that this error -
exerts a serious influence upon the straightness of the vertical
ruled |[ines. In other 30 words, it is wunderstood that the error
(3 is nore serious than the error 62 th respect to the printing
quality. The allowable Ilimt of the er /¥% I s about 4% and the
angle [err] corresponding to this value is about 4. 5 degrees in Fig.
15. This angle [err] is roughly a value 35 to which the noise
sreduction effect converges understood in Fig. 12. Ther ef or e,
If the inclination angle err] of the printing head is smal LLer than
this val ue, '|| 20 it i ossi bl e
to obtain the printing qua | mnthln an al I owabl e range by controlling
both the wire pin ﬁé{ q l i nes and R wtn a srngle cpntrol
circuit. The formu ‘@1 Is inclination angle remge—as—>5
a general expression. |n othef-words—id—-s—qder st ood r—%ha%—aﬁ—eﬁ++ﬂun1
val ue conpatible with HR*W2 pritref | Ng | '
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quality and the printing noise reduction exists within t he angl e range
expressed by the fornmula (1). Fig. 16 is a block diagram show ng a
single control 10 circuit for determning the timngs for driving all the
wire pins #1 to #24 arranged on the printing head 101. In this control
circuit, a printing data latch circuit e/éég connected to a data bus 500,
for latching printing data is connecﬁid a printing data outputting

- circuit 15 520 for turning on or off the printing data for each bit
corresponding to each wire pin. Further, a printing start tinmer 610
for generating a pulse with a period of the delay tinme td is connected
to a printing start control circuit 710. The output of the printing
start 20 control circuit 710 is connected to the term nals of the

printing data outputting circuit 520 corresponding to the respective
wire pins. |In the same way, a printing stop timer 620 for generating a
pulse with a period of the delay tine td is connected to a printing stop
control 25 <circuit 720. The output of the printing stop control

circuit 720 is connected - to the termnals of the printing dat a
outputting circuit 520 corresponding to the - respective wire pins.
Further, a printing control signal line 530 is connpcted to the
printing data latch circuit 30 510, the printi timer ﬁjﬁ, and the
. printing stop timer 620. I n t hO7s own in

" Fig. 16, a buffer circuit can be used as Ng dat aAatch
circuit 510, and a flip-flop array can used as the printi 35 data
latch circuit 520. Further, as the printi

101 I 106
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control circuit 710 and the printing stop control circuit 720, a
- conbi nati on of up-down counters 711 and 721 and

21 decoders 712 and 722 can be used. In this case, the out put
of 'the buffer 510 is connected to the data termnal of the flip-flop
array 520; the output of the decodeé%%éisis connected to the trigger
termnal of the 5 flip-flop array 520; he out put of the decoder 722
is connected to the clear terminal of the flip-flop array 520.

The operation of the control circuit as shown in Fig. 16 of when the
carriage 102 noves in the arrow 10 direction as showmm in Fig. 9 wll be
described with reference to a timng chart shown in Fig. 17, in which-
the high level indicates turn-on status and the |ow | evel i ndi cates
turn-of f status. The counting direction of the up-down counters 711
15 and 721 is previously set to up-counting by a control unit (not
shown) . First, when the printing control

101

FIG. 9



si‘gnal ‘for the wire pin arrangenent line L is turned on, the printing
data being outputted to the data bus 500 is | at ched by the printing data
latch circuit 510, and at 20 the same tinme the printing start tiner
610 starts counting. The decoder 712 turns on the trigger term nal

~of the flip-flop corresponding to the wire pin #1 of the printing data
output.circuit 520 for initialization, /3t hat upon the turning on of
the printing control signal, 25 the printing data bit corresponding to the
wire pin #1 is outputted fromthe printing data outputting circuit 520.
Thereafter, when the delay tine td/2 has el apsed, the printing start
timer 610 generates a pulse. The generated pulse is inputted to

t he up-down counter 711, 30 so that the output of the decoder 712 connected
to the trigger termnal of the flip-flop corresponding to the wre
pin #2 of the printing data output circuit 520 is ed on. Therefore,
the succeeding printing data bit is out putted fronkﬁg% printing data
outputting circuit 720. 35 In the sane ve, the continuous

printing data
circuit 520 whenever the delay ti
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The out’putted bits are inputted to a printing head driver
respectively.

.to drive the corresponding

time width twrequired to drive a single

in Fig.
turned
- The

17,
of f,

the printing
and

520 for initialization, so

W re pins,
5 wre pi

control signal for

al of

t hat upon the

ing data 10
turning off of the printing

(not shown)

When t he
n has el apsed as shown
the wire pin is

further the printing stop tinmer 620 starts counti ng.
decoder 722 turns on the clear Epr )
. corresponding to the wire pin #1 of the p{?7

the flip-flop -
output circuit

control signal, the printing data bit corresponding to the wre
pin #1 is not outputted fromthe printing data outputting circuit
520. Thereafter, whéhOt i : printing
stop tinmer 620 generateqog"pulse___IEq gener at ed tted to
t he up-down counter. 721,98q that_the out put of the deco
connected to the clear tgbminal £ the flip-flop corpeSpondi to the
wire pin #2 of the nting data out put cir@gt is tuned jon.
Therefore, 20 _thggsucc iing printing data bit I t opped from bei ng
outputted fromth& printiQg data outputting ci it 520. I n the sane
way as above, thegjconti s printing data bits are stopped fjrom bei ng
outputted fromthe printtng data ou tting -circuit 520 whengver the
delay tine td/2 2 has 30 Jpsed. efore, the printing head drfivers (not
shown) stop drivigp the lorrespo 6'
3 ‘
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Wien the carriage 102 is scanned in the direction opposite to the arrow

shown in Fig. 9, since the sequence of the driven wire pins nust be
reversed, the counting 30 direction of the up-down counters 711 and 721 is
set to the -down counting direction by the control unit (not
shown) . Further, in the above-nentioned enbodi ment, the up-
down counter. and the decoder are conbi?;d ?E;the printing 35 start control
circuit 710 and the printing stop cont of/ circuit 720. Wthout being
limted thereto, however, it 23
I's possible to use other circuits such as shift regi sters, for instance.
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30 * 35 CLAIMS 1. Awcircuit of
an i npact printer provided with a scanning printing head including an
~array of inpact elenents di sposed along a line, said |line being

i nclined at an '

/13

ERROR (%)
@

o 1 2 3 4 5 6 7 8 9 10

ANGLE 6 (deg)

FIG.15



angle With respect to a vertical line, the circuit controlling timng

. of the driving each of the inpact el enents of the array so that the
i npact el enments are driven along the vertical l|ine, conprising:
delay rate register nmeans (3) for storing a predet er mi ned del ay
time according to the scanning gzg&g of the inpact elenent;
turn-on tine generating neans (30) forﬁg ting a turn-on tinme
signal having a predetermned tine w dth in synchronismwith a
printing timng signal which is generated in response to the
scanni ng node; printing data register neans (1,2) for storing
printing data; | at chi ng neans (18-23) for separately latching
printing data bit by bit so as to output driving signals to drive
said i npact el enments Iﬂ%o 0530
| 510
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start Timng control neans (10, 14, 12, 16) for generating a
~latch signal for latching the printing data bit by bit in tine

' sequence in said |atching means (18 to 25) by firstly generating
a counting signal by the interval based upon the delay tine

stored in said delay rate register negg;,(}gg corresponding to the
start of said turn-on signal and secondl y decodi ng the counted
val ue of said counting si gnal; and

25 stop timng control nmeans (11, 15, 13, 17) for

"~ generating a reset signal for resetting the printing

. tw /2 tw
~td/2 | =14/

PRINT CONT SIG |T
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data bit by bit in tinme sequence by firstly generating a counting
signal by the interval based upon the del ay tlne stored in said
del aysrate regi ster neans (3) correspondi ng —the-ent—ef-—sai-d.

turn-on tine signal and secondly decoding the-counted PEPLACSMENMEH&Eﬁ

said counting signal. VI8 SHEES HAS BEEMyY rate rlpgi st MS)
conpri ses basi ¢ del ay REP]_Q\UE@(Jl stel means Bate : icﬁrm g..a
predet er mi ned basi c del ay ti necorresponmdirmg—t0 a e

. of the inclination angle on the inpact el enent array

- correction rate register neans (43) for storggg a pr edet er m ned
correction time corresponding to an error value of the

~inclination angl ePRINTINGSHEATPDAND ITS DRIVE TIMINGeCONTROLaICIREGUIT FOR
addition register nmeans (44) for StﬂiﬁA@? PRINTERled val ue of the
basic delay tinme and the-correction timnme as the delay tine. 2.

The circuit of claim1,

10

15

25

30

ABSTRACT OF THE DISCLOSURE

In a serial impact printer, a printing head
having an impact wire pin array of two arrangement lines
is mounted on a carriage in such a way that the pin
arrangement lines are inclined by an angle # with respect
to the wvirtual vertical direction. The respective wire
pins in the array are driven at timings different delay
time by delay time according to the inclination angle §.
The control circuit for determining the drive timings
comprises a circuit for turning on the respective wire
pins at the delay time intervals and a circuit for
turning off the respective wire pins in sequence at the

delay time intervals after a predetermined time has
elapsed. It is desirable that the inclination angle &
satisfies the following formula: '
tan § £a / (2 - b)

where 2a denotes the pitch between two adjacent wire pins
arranged along a single arrangement line of the array,
and b denotes a distance between the two arrangement
lines of the array. '

"Fig. 15
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conpri'ses two: printing data registers (1, 2) for NT SHEET
- storing printing nmatter. _ : | Gatp

inting s for controlling said printing dathloytbutiing
Ironeans tg tﬂlﬂltlﬂl"“!”Mﬁ ce each bit of2#¢he printing data corzrm% ng
to the respéctive i ®padt &l ements whenever said printing stop timer neans
generates the pulse, two set of all theCkbTM8-nentioned neans being
provided for the two arrangenent lines (L, R). 5. A serial inpact.
printer provided with a printing head having an inpact el enent array
arranged injsuchaa dsayndiiatod Won af fdeENBRint LResrbbiall §2€Eh aomiglggg{ a
plurality of inpact elenments arranged at positional Interv a
are positioned i praatdnigel headeaitic bading a afi sharag boﬁPainﬁ%afdmmeem*érM&er
and further centers of the respective inpact_elenents of a TiIrst

ar r angenent disposed along a line, gaid line being inclined at an

characterised in that said printing data register Hgﬁms 1, 2)
L o _
26

angle with respect to a wvertical 1line, the circuit

controlling timing of the driving each of the impact

elements of the array so that the impact elements are

driven along the vertical 1ine, comprising:

- delay rate register means (3) for storing a

predetermined delay time according to the scanning

mode of the impact element;
turn-on time generating means (30) for generating a.
turn-on time signal having a predetermined time width

in synchronism with a printing timing signal which is

generated in response to the scanning mode;

printing data register means (1,2) for 'storing

printing data;
latching means (18-23) for separately latching
printing data bit by bit so as to output driving

gignals to drive said impact elements in said array;

start timing control g (10, 14, 12, 16} for

generating a latch signal for latching the printing

data bit by bit in time sequence in said latching

means (18 to 25) by firstly generating a counting

signal by the interval based upon the delay time

stored in said delay rate register means (3)

corresponding to the start of said turn-on signal and

gecondly decoding the counted value of said counting

signal; and



line (R are located on Tines passing through respective RERIOEMENTSHEET

" befween t'he tmummm ) t elements of the second arrangement |ine (L)
and per pendic mmmmm]on al ong which the second arrj e‘mm ne
(1) is set, whérefn the psinting head is mounted on a carri g he

condition that two arrangenent lines (L, 8 are inclined with respect to a

virtual vertical direction by an angle - which satisfies the follow ng

f or mul a: b (1stapstiminp) ¢ortmolomeansd whdie € SiendBes B7Di tidr
between printing dots of the . npact Igrrems. 1 f6._ The rial i ct
printer of claim 5,%—@35—3@@1' LS8 signa. 1o LRl d :

for latching printinggald pit by Bl 43k OURHILIRY RANS i ratl
connected to said | atch means, tor turning on atrr]r(f]é ot (if?l%l [ﬂi&' e
printing data correspgetieratting e cagpeiig veign@phcbyekthgeinterval based

[ in rt timer neans for nerating a pulse wth a constant period -
Fé}gthe?izgg by upon t%e ggefay tf%e [;tored in said delaé) rate

register means (3) corresponding to the end of said

turn-on time signal and secondly decoding the counted

value of said counting signal.

wherein said delay rate register means (3) comprises

basic delay rate register means (42) for storing a

predetermined basic delay time corresponding to a

preset value of the inclination angle on the impact

element array;

gorrection rate register means (43) for storing a

predetermined correction time corresponding to an.

error value of the inclination angle of the impact

element array;
addition reqgister means (44) for storing an added
value of the bagic delay time and the correction time

as the delay time.

2. The circuit of claim 1,

characterised in that said printing data regisgter

means (1, 2) comprises two printing data registers

(1, 2) for alternately storing printing matter.




217, . td=2. a. sin[err] [/ Vcr where Vcr denﬁ%q?§? réﬁ$ﬁg

spéed - - printing start control neans for controlli pri
data outputting neans to turn on in sequence each bit of thfaprintin dat a
corresponding to the respective inpact el enents whenever sa d n g

start tinmer neans generates the pul se; printing stop tinmer means
. for generating a pulse with the constant2@eriod td/2; and printing:
. stop control neans for controlling said printing data outputting nmeans to

i turn off in sequence each bit of the printing data corresponding to the

égﬁgfg L‘S’et L?ﬁ»«;i&fﬁ&@ﬁ?ﬁ%ﬁw@?Q&a@éb&h@ﬁ?.@ﬁ%@@lﬁr’@ﬁﬁi gg?ﬂ; provi ded

for the two arrangenent |ines (LIMFACT PRINTER

ABSTRACT OF THE DISCLOSURE
In a serial impact printer, a printing head
having an impact wire pin array of two arrangement lines
is mounted on a carriage in such a way that the pin

arrangement lines are inclined by an angle # with respect
to the virtual vertical direction. The respective wire
pins in the array are driven at timings different delay
time by delay time accofding to the inclination angle §.
The control circuit for determining the drive timings
comprises a circuit for turning on the respective wire
pins at the delay time intervals and a circuit for
turning off the respective wire pins in sequence at the
delay time intervals after a predetermined time has
elapsed. It is desirable that the inclination angle ¢
satisfies the following formula:
tan 8 £a/ (2 - b)

where 2a denotes the pitch between two adjacent wire pins
arranged along a single arrangement line of the array,
and b denotes a distance between the two arrangement
lines of the array.

‘Fig. 15



