DESCRIPTICN Laser Liquid Crystal Marker and Method for Judgi ng

Det ﬂlgratlon of Liquid Crystal TECHN CAL FI ELD The present invention
relfat€s’to a laser li-quid crystal.marker and a method for judging
deteriorationof liquid crystal and, in particular, to a laser liquid
crystal mar ker and a nethod for judging deterioration of liquid crystal

whi ch are-suitable for a workpiece printing that requires a high | evel of
accuracy. BACKGROUND ART There exist a variety of conventional l|aser |iquid
cryst.al markers, also called "transm ssion-type liquid crystal mask

mar kers"+ Generally speaking, a laser liquid crystal marker conprises a

| aser oscillator, a | ens system forpgxpangiragy condensing or collimting a
| aser beam a liquid crystal serving as a transii ssion-typé-liquid crystal
mask for arbitrary pattern display, one or two sets of X-Y deflectors for
deflecting the optical path of the |aser beam a controller for performng
a synchroni zed chaten|Libduid Sepastale|Magkeny iathel] Mathlod! dedeJudgting I n such a
construction, the controller causes the |aser oscillator to 2 oscillate
a | aser beam which is appretediosatien| pful-diqeig¢sCarstdhe | aser beam
transmtted through the liquid crystal is applied to the surface of a

wor kpi ece, wher eby

" TECHNICAL FIELD
The present invention relates to a laser liquid crystal
marker and a method for judging deterioration of liquid
crystal ana, in particular, to a laser liquid crystal marker
and a method for judglng deterioration of llquld crystal
which are suitable for a workpiece printing that requires a

high level of accuracy.

BACKGROUND ART
There exist a variety of cénventional laser liquid

crystal markgrs, also called “transmission—type liquid

crystal mask markers“. Génerally speaking, a laser liquid

crysta; marker comprises ‘a laser oscillator, a lens system

for expanding, condensing or collimating a laser beam, a

liquid crystal serving-aé a transmission—fype liquid crystal
i mask for arbitrary-pattern.display, one or two seté éf X;Y

deflectors for_deflecting the optical path of the laseg—
_beam, a controller for performing a synchronized control of

'a separately provided work feeder, etc. In such a

construction, the controller causes the laser oscillator to



the, pattern of the liquid crystal is printed on the surface of the
workpi ece. In such a laser liquid crystal marker, the clearness in printing
deteriorates with use. In the conventional |laser liquid crystal markers, -
thigs deterioration has only been coped with enpirically, that is, by -
met hods that are not rational enough. Thezjudgnent as to whether the liquid
crystal has deteriorated or not has been nmade by visually exam ning the
printing conditions (the degree of clearness in printing, etc.) on the
wor kpi ece surface. Wth the current state of the art, any deterioration in
the printing conditions has been coped with, for exanple, 'by appropriately
I ncreasing the | aser output, cleanln t he Iense system repl-aci.ng the
liquid cryst%ﬁ°l¥&ﬂ§Enq S8 heam, %1§9sﬂénﬁ§Pl@hé xovtHef Légedds or the
wor k f eeder, ghgg t he c troIIer Such neasures cannot be regarded
[

‘as approprleﬁﬁyﬁ WasEx @aﬁbﬁﬁén&@ﬂéFFSr&PFBthAkE%rH%ﬁﬁlﬁo a known
printing mnet I|qU|d Grystal .operation displ ction is_provided in
a part of the |qU| TR éﬁ;tﬁbtg déP@EFSF P? ﬁﬁﬁgPéﬁc?o Yﬂ$§ea¥splay
section, whigh W a4 ht di rent_fromthat for
printing to ther ect%gha%égg d % 2 é rgspogg PP NSt SPREAFE qui d
crystal due g @{@ngﬁ_%(ﬂlrééé'l_e anbi ent terrperature on the basis of this
detection, the switching operation tinme for the laser is corrected by the

In such a laser liquid crystal marker, the clearness in
printing deteriorates with use. In the conventional laser
liquid crystal markers, this deterioration has only been
coped with emﬁirically, that is, by methods that are not
rational enough. The judgment as to whether the liquid
crystal has deteriorated or not has been made by visually
examining the printing condi;ions (the degree.of clearness
in printing, etc.)'on the workpiece surface. With the
current state of the'art, any deterioration in the printing
conditions has been coped with, for example, by
appropriatel§ iﬁcreasing the laser output, cleaning the
lense system, replacing the liquid crystal, adjusting the
driving system of the X-Y deflectors or the work feeder, or
replacing the controller. Such measures cannot be fegarded
as appropriate in coping with the above deterioration.

According to a known printing method, a liquid crystal i
operation display section is provided in a part of the
liquid crystal, and a detector is coﬁnected to this display
section, which is irradiated with a beam of light different

from that for printing to thereby detect changes in the



congroller, thereby realizing a clear printing on the surface of a

wor kpi ece (See, for exanple, Japanese Patent Laid-Open No. 64-11088).
However, with the above-described nmethod, in which the operation tine is
corisected in correspondence with changes in the response tinme of the liquid
crystal, the degree of deterioration of 3he liquid crystal cannot be
checked, nor can the liquid crystal itself be controlled for clear

printing. In another conventional technique, already proposed by the
present applicant, there is provided a laser liquid crystal marker called a
"YAG | aser mask- marker" (See Japanese Patent. Lai d-Qpen No.. 5-42379), which
qged on gither side of

I's equi pped with first a%% coqg X, defleciors'arra |

the liqui d X&SRA%AE Sdifa 3?’&. AR GEYSERE SBGUER FAFTSS T EP1I BV
through the liguid crystal. The first X-Y.deflegcio - beamto
| scanugach §¥ﬂ%§%ﬁﬁa%ﬁ|§§rﬁﬁ%§éa,°§h53Fh§a égoﬁ §§§£d%€€%§€%$ntg€§és the -

| aser b ] ; N Ry tiall
appl 1 ed 1 HET I, S e, R L e e d T e 1 he

entire pringing-45 HOMMELEDy teneby nkeal t1kag BrhhehngCesr sy, hi gh- speed
continuous printing. However,” the abové nmethod has a 4 problemin that

the deteri ofgt#gdk id¥F tharsHigadtRs (See, Dokt bREmPle} hoapen&se epetentf ace
.cannot be checked by a rational nmethod, so that it is rather difficult to
properly Laid-Open No. 64-11088). However, with the above-described
method, in which the operation time is corrected in -
correspondence with changes in the response time of the
liquid crystal, thé degree.of deterioration of the liquid
crystal cannot be checked, nbr can the liquid crystal itself
be controlled for clear printing. |

In another conventional technique,'already proposed by
the present applicant, there is provided a laser liquid
crystal marker calied a "YAG laser mask marker® (See
Japanese Patent Laid-Open No. 5-42379), which is equipped
with first and second X-Y deflectors arranged on either side
of the liquid crystal. Separate still'iﬁages are
sequentially displayed through the liquid crystal. The
first X-Y deflector causes a laser beam to scan each
seéarate still image, and the second X-Y deflectcfhcéuseé
the laser beam transmitted through the separate still {;ages i
to be sequentially applied in deflective irradiation to the
surface of a workpiece until the entiré printiné is
completed, thereby realizing a high—-accuracy, high-speed

continuous printing. However, the above method has a



cope:with the deterioration in clearness. DI SCLOSURE OF THE | NVENTION I n
coping wwth this problemof deterioration in clearness of printing, the
present applicant directed his attention to the following fact: the light .
tramsmttance of a liquid crystal can be varied by varying the vol tage
applied thereto. In other words, the cl earfness in printing can be
controll ed through applied voltage This control ought to be realized by
adding a specific programto the controller used in an existing |aser

l'i quid crystal marker (or a sinple additional controller that is separately
provi ded). However, varying the applied voltage at_randomw]| only-result
in variationgrbbl@hi Dhi 88afCENE ddoteribidteion tiiEthd T1eardeds din applied
voltage in which it is difficult to maintain an optinmm printing condition
even by varypegnthagappl tkd workpimcd whirxtacangmmar bes phedked Hyhe ti me at
which the liquid crystal is to be replaced). Thus, the present applicant
cane to a comstiehah mebhodbyseorkatinit yvikeogtiher tdiffidaylt Ko dampres lof
deterioration of the liquid crystal, it ought to be possible to apply an
opti mum vol t§gBchP~tbsEbﬁdﬂﬁ@%@ﬁ@%gﬂé@kﬁame@ deterioration, thereby
making it possible at |east to prevent the deterioration in printing
accuracy due to the deterioration of the liquid crystal. The present

i nvention has been made with &é’&m‘%éa%w%x* THE INVENTION

In coping with this problem of deterioration in
clearness of printing, the present applicant directed his
attention to the followihg'fact:' the light transmittancé of
a liquid crystal can be varied by'varying the voltage
applied thereto. In other Qords,'the clearness in printing
can be controlled through applied voltage. This control
ought to be rgalized by adding a specific program to the
controller used in an existing laser liquid 'crystal marker
(or a simple additional cbntroiler that is sepagately
provided) . ﬁowever, varying the applied voltage at random
will only result in variations in printing accuracy.

Further, there is a range of applied voltage in which it is
difficult to maintain an optimum printing condition even by
varying the applied voltage (which rangé corresponds to the
time at which the liquid crystal is to be replaced). Thus,
the present applicant Came~£o a conclusion that, by
constantly keeping track of the degree of deterioration of
the liquid cryétal, it ought to be possible to apply an

optimum voltage corresponding to the degree of



solving the above problens in the prior-art technique, focusing attention
on the above point. It is accordingly an object of the present invention to
provide a liquid crystal marker and a nethod of judging deterioration of
liquid crystal in which, to maintain a hixgh level of accuracy in printing,
it is possible to control the applied voltage in correspondence with the
degree of deterioration of the liquid crystal, decide on the tinme at which
the liquid crystal is to be replaced and, further, maintain a high Ievel of
accuracy in pri-nting even in continuous hlgh speed printing. In a.first

aspect of tBge REESEAL 1oAY CRE Py t#ﬁ&fn S50, Vd 184 2 akaiéésl:' i d crystal

mar ker conprising: a controller: a re sensor connected to the
control l er paevaseptrd &ecaelieeic fos i Iﬂw &rﬁ!ﬁ'ﬁiﬁaéc%%%pah%ety enlel ght
emtting means for irradiating the liquid crystal with light; and |ight
recei ving ndansriorat £6fi &f Nghé heidnipitciysr tted through the 1iquid
crystal, wherein the controller stores in advance correl ation
characteristics Phefpaasaeppl isdenviovndeady/ wéen headd quitth er weleadd tawchoa | i ght
transnmittance Qusing a liquid crystal tenperature T in a 6 nornma
liquid cryssalvingatherabpeverprolhkens nimthe madicat-iagt geshnigpeef |ight R1
emtted by the light emtting neans and transm ssion quantity of |ight R2
recei ved bnyﬁBS+P%h%tF%%%+Q@r@Prﬁ%ﬁuﬁhﬂ?ﬁ|Hﬂﬂntt()H#héSCG§FP6ﬂheglwoan

calculate a
object of the present invention to prov;de a liquid crystal

marker and a method of judging deterioration of liquid
crystal in which, to maintain a high level of acéuracY in
printing, it is possible to control the applied voltage in
correspondence with the degree of detérioratiqn.of the
liquid crystal, decide on the time at which the liquid
crystal is to be.replaced and, further,.maintain a high
level of accuracy in printing even iﬁ continuous high-speed
?;inting.

f In a fifst aspect of the present invention, there is
provided a laser liquid crystal marker comprising: a
controller; a temperature sensor connected to the controller
and adapted to detect a liquid crystai temperature Ti; light
em{tting means for irradiating the liquid ‘crystal with
light; and light receiving means for receiving the ligﬁE
transmitted through the liquid crystal, wherein the
controller stores in advance correlation characteristics P
of an applied voltage V of the liquid crystal and a light

transmittance Q using a liquid crystal temperature T in a



light transmttance Q fromthe irradiation quantity of light RL and the
transmtted quantity of light R2, and wherein an optinumlight
transmttance Qo corrésponding to the applied voltage Vi of the liquid
crystal at the tinme of this calculation agd the liquid crystal tenperature
Ti supplied fromthe tenperature sensor is extracted fromthe correlation
characteristics P, the controller adjusting the applied voltage Vi of the
liquid crystal so that the light transmttance Q becones equal to the
light trapsmttance Qo. The controller stores in advance correlation
characteristics P of the applied voltage V of ‘the liquid crystal and the

| i ght transméotmal el Lrubd nerwstalsl € patiadleteenpehatdina dni hraadbathbn
liquid crystal as a paraneter, and, when judging the degree of

det eri orati oguatt ity sof i jight RY smiltteachéy thedilaghonegibhingymeénki ghd Rl
emtted fromthe light emtting neans and the transmtted quantity of |ight
R2 recei ved Byansmhssier iamyl il iaht Rgureceivad byntke| Léghto
calculate the light transmttance Q fromthe irradiation quantitzﬁof | i ght

RL and the tFRRRHYIREMEARTHITG HIPYG IR tRE CAREFELASFNECOPRLFUARFPGRt

anem U ance, OB COLLESRONALIG 9y Lo iald SdudlLage gl ey Tokhe | U1

Chas u2ELL % LB HE MRS MG, SRR KRR RS LR 7 AR el 1o
wherein an optimum light transmittance Qo corresponding to
the applied'voltage Vi of the liquid crystal at the time of
this .calculation and the liquid crystal temperature Ti
supplied from the temperature sensor is extracted from éhe
correlation characteristics P, the controller adjusting the
applied voltage Vi of the liquid crystal so that the light
transmittance Qi becomes equal to the light transmittance
Qo. The controller stores in advance correlation
characteristics P of the applied voltage V of the liquid
crystal and éhe light transmittance Q using a liquid crystal
temperature T in a normal liquid crystal as. a parameter,

" and, when judging the degree of deterioration of this liquid
crystal, the irradiation quantity of light Rl emitted from
thé light emitting means and the transmifted quantit§ of
light R2 received by light receiving means are input to the
controller to calculate the light transmittance Qi from the
irradiation quantity of light Rl and the transmitted
quantiﬁy_of light R2, whérein the optimum light

transmittance Qo corresponding to the applied voltage Vi of



tenpgerature Vi, the light transmttance Q and the optinmmlight
transmttance Qo are equalized; further, when the light transmttance Q
and the optimumIlight “transmttance Qo do not becone equal to each other
everw by adjusting the applied voltage Vi of the liquid crystal, the
controller outputs a nessage to the effect that the liquid crystal has been
deteriorated. Wth this construction, two light transmttances Q one at
the light crystal tenperature Ti and the other at the applied voltage Vi of
the liquid crystal, can be obtained. One is a light transmittance Q
calculated fromthe irradiation quantity of Tight- RL and the transnitted
quantity oftHe ghitquEzl erpbstiale adt Hdre itsimehefophiisucrlcghatiransnidt thece Qo
extracted fromcorrelation characteristics Pin a normal liquid crystal.
The |i qui d rghtt #regist dammerainendd Wurpd igdj dseedthy tREPEsALRER| er so
that the light transmttance Q _and the optinmum.|light transmttance becone
equal to eXGRIRMeS eFfFIFESH i HFPT $hfeTFERER EARP ERABPRESFASRACt Birs

optimum light transmttgnce , S0 that, a_sati.sfactory.deqree qf cl earness
can be obt %%dfh%%%%tar Sty SRS Sﬁyéﬁﬁlbggpﬁlggn&i nt ai ned.

When th : i ah . S
adjelrjls: i ﬁgot gnr{'ze;)%ﬁtji"graet v‘g'? }}gne {)itj?gg?%ettl%a %?ng.&%%n%%g?;?hﬁ:glr%ggggag@g out put
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light transmittance Qi and the optimum light tranémittance
Qo do not become equal to each other even by adjusting the
applied voltage Vi of the liquid crystal, the controller
outputs a message to the effect that the liquid crystal has
been deteriorated. '

With this construction, two light transmittances Q, one
at the light crystal temperature Ti and the other at the
applied voltage Vi of the liquid crystal, can be obtained.
One is a light transmittance Qi calculated from the

. irradiation éuantity of light Rl and the transmitted
quantity of light R2; and the other is the optimum liéht
transmittance Qo extracted from correlation characteristics
P in a normal liquid crystal. The liquid crystal
apﬁlication voltage Vi is adjusted by the controller so that
the light transmittance Qi and the optimﬁm light -

transmittance become equal to each other, and printing is
performed while maintaining this optimum light ﬁransmittance

Qo, so ;hat a satisfactqry degree of clearness can be

obtained, and an optimum printing condition can be



replacenent for the liquid crystal due to the expiration of service life
can be properly decided upon. In a second aspect of the present invention,
there is provided a laser liquid crystal nmarker, wherein connected to a
controller are light emtting nmeans for irradiating a liquid crystal” w t.h

| ight and Iight receiving neans for receBving the light transmtted through
the liquid crystal, ‘wherein the controller stores in advance a reference
value So, and an irradiation quantity of light RL emtted by the Iight
emtting neans and a transmitted quantity of light R2 received by the |ight
receiving means are input to the controller.to calculate a detection val ue

Si thereof L the cond ol hate pUsting e 13BRLT ed.yohipog, L g6 Lhgnbiaul d°

crystal so at-the det ection val COrnEes equa ef erence val ue

So. The coniy el Al ried hANAILR e (he 8re0ceaVabitast M%fNtne

application voltage t vm~ an e Irradiation quantity of

light Rl enidhedh byrgdianl,l hine¥ddd NG BRapecaRd the trassti thed ghantity
of light R2 received by the light Treceiving nmeans are input to the

control |l er 1fnéid dypdtal aglaierRs iditerdloiated,t WReeceby the €omérek! er
adjusting the applied voltage Vi of the 9 liquid crystal so that the
det ecti on vedpleacimdrecaftes wpdliduid kerysehar dneetvatbe Sgpiwnkehobhos
applied voltage Vi' of the liquid crystal is in excess of the application
vol t age t hrestwick Vialie aan hehempenly [decidedpuprena war ni ng.
In a second aspect of thé present invention, there is
provided a laser liquid crystal marker, wherein connected to
a controller are light emitting means for irradiating a
liquid crystal wiﬁh light and light receiving means for
receiving the light transmitted through the liquid crystal,
wherein the controller stores in advance a reference value
So, and an irradiation quantity'of light R1 emitted by the
light emitting means and a transmitted quantity of light R2
receivéd by the light receiving means are input to the
controller té calculate a detection value Si thereof, the
controller adjusting the applied voltage Vi of the liquid
crystal so that the detection value Si becomes equal to the
reférence value So. The controller stores in advance the
i reference value So and an application voltage threshold
value Vm, and the irradiation quantity of light R1 emitted 4
by the light emitting means and the transmitted quantity of
light R2 received by the light receiving means are_input to

the controller to calculate the detection value Si thereof,

the controller adjusting the apblied voltage Vi of the



Unli ke the construction according to the first aspect of the invention, the
above- descri bed construction is intended for the case in which the I|qU|d
crystal tenperature Ti is not considered as a paraneter. This proves
useful, in particular, when the laser liquid crystal marker to beoperated
S installed in an air-conditioned room gaMth the working liquid crystal
tenperature at the tine of driving being known. That is, a reference val ue
So corresponding to the working liquid crystal tenperature Ti is set in
advance in-the controller, and the applied voltage Vi of the liquid crystal
is adjusted so that the detectlon val ue Si . becones equal to this reference

| ue So. Furth i d | t hold val ue V
et soryer ABUEh, sRYaBR bt BaRreRA SR 25 (B S B SR, T,
linit, et h trol th lied volta { tal
s 20 ust cdt R0 PRAFSEREREPCEEFOR SaT L %f%csor%splelqeua|V°tﬁ%4neq¢‘§°e€ ehce "
value So. Vign 39#3& ?Eggg?éokéaﬂ é@zc&r’ Jv&eﬂ 150633 '%16(}9%0955

of the applicatio reshol d ning 1s Issued,” whereby

an opti mum Eﬁ&:@EhBQdCQQQhE' R, C@ﬂe@oﬁ@f&‘iféf‘%htﬁ\%& 1 Qra90r

deterioration correspondi ng tothe limt of the service ife of the
liquid crystal C@ﬁlQQeCQh@e%h!thﬁbﬁﬁ.Bhn&dcof@:\.ﬁgttf'tb rchespiacdt af spder

present invention, there is provided a laser liquid crystal nmarker, in

whi ch, connegt elle invention, the above-described comstruction is
intended for the case in which the liquid crystal
tehperature Ti is not éonsidered as a parameter. This
proves useful, in particular, when the laser liquid crystal
marker to be operated is installed in an air—-conditioned
room, with the working liquid crystal temperature at the
time of driving being known. That is, a reference value So
corresponding to the working liquid crystal temperature Ti
is set in advance in the controller, and the applied wvoltage
Vi of the liquid crystal is adjusted so that the detection
value Si becémes equal.to this reference wvalue So. Further,
by providing an application voltage threshold wvalue Vm that
serves as a voltage corresponding to the liquid crystal
deterioration limit, etc. in the controller, the gpplied
voltage Vi of the liquid crystal is adjusted so that the
detection value Si becomes equal to the reference value So. i
When this applied voltage Vi of the liquid crystal is in
excess of the application voltage threshold value Vm, a
warning is issued, whereby an optimum printing condition can

be maintained, and the degree of deterioration corresponding



to g controller are light emtting neans and |ight receiving neans, and in
which a voltage is applied to a liquid crystal fromthe controller for a
successive rewite diSplay of various still inmages for marking, with a“
stikl Tnmage for testing being appropriate£ di spl ayed, wherein the |ight
emtting nmeans projects light onto the displayed still inage for testing,
and the |light receiving neans receives the light transmtted through the
still image for testing, wherein the controller stores in advance an
optlnun1llght transmttance Qo, and effects interrupt display of the stil

i mge for testing during at | east -one-of the rewite-processes for the
still [nageStBOthea&Kmﬂg ofhehei sepvicancifd tefl theatiduidficdygidl Ran S

i nput during this interrupt display fromthe |ight receiving nmeans, and the
| i ght transnbet entee@tlgf deheriigedd crystal is calculated fromthe
transmtted quantity of light R2 and the irradiation quantity of |ight R1,
the controller adF@sﬁlN@lﬁﬁeaépppteqrvbh@agee$¢nbflnvﬁpﬁiQRmcFQ#&%taﬁ SO
that the light transmttance Q becones equal to the optinmmli

transm tt anceregidedeacdases| LéAuid oFEEStH! JRERY tife wa}mrﬁqqmted
“transm ttance Qo, and, durin | east ope of the re rocesses
for the stil FO AnGOStFOLIREY gi‘ﬁg 1%%55%‘%“&“5’??”1‘3?%939“4“’0# ré‘g ﬁp?f'ge%%ut%
di spl ayed, and_after _this cts errupt of e rqgetlfJon &ﬁcthe

I
equal i zati on |ﬁngfe3P9|&n 5&& |alv%?t%?? Hhoh Tertn fars Gt nt
term nals, aggoguEhgchgE§ohEE§rfHPta successive rewrite display of

various still images for marking, with a still image for
testing being appropriately displayed, wherein the light
emitting means projects light onto the displayed still image
for testing, and the light receiving means receives the
light transmitted through the still image for testing,
wherein the controller stores in advance an optimum light
transmittance Qo, and effects interrupt display of the still
image for testing during at least one of the rewrite
processes fof the still images for marking, wherein a
transmitted quantity of light R2 is input during this
interrupt display from the light receiving means, and the
light transmittance Qi of the liquid crystal is cglculated
from the transmitted quantity of light Ré-and the
irradiatiop quantity of light R1l, the controller adjusting
the applied voltage Vi of the liquid crystal.so that the
light transmittance Qi becomes equal to the optimum light
transmittance Qo. The controller stores in advance the

optimum light transmittance Qo, and, during at least one of



inpyts the transmtted quantity of light R2 fromthe |ight receiving neans
to calculate the light transmttance Q of the liquid crystal fromthe
transmtted quantity of light R2 and the irradiation quantity -of |ight Rl.
of tshe light enmitting neans, the controller adjusting the applied voltage
Vi of the liquid crystal so that this lightitransmttance Q beconmes equa
to the optimumlight transmttance Qo. In this construction, an interrupt

display of a still inmage for testing (an inmage for neasuring |ight
transmttance) is effected during the rewiting of a successive rewite
di splay of still images for marking (images for printing) on the Iiquid

crystal, and, _during this interrupt displ , the fransm ttance is”-
neasur ed, andtg8nﬁ§%§&t%PﬁhpFﬂEeﬁ ??r&ﬁi”é%%ﬂsﬁﬁiﬂnﬁﬂﬁQQﬂ1 R}?%%F%?%ﬁeby
adj ust t-he appl| val Vii_of the liguid cryst Qo ti [ es.
Due to this afgrgg%ggrr%n%?qﬁtl _ |”§‘_2 8sg?ﬁl%g%%mn%ié/n$a$én Jal%'rpolp i rr%ma{prlf':l1 nafn?%gr
condi tion eVGEh&B,aek%éﬁEsliﬂﬁsgg Ysbal e @ KSSetCaPRY OfcfPNt i nuUous

hi gh-speed printing. Further, o the equalization in potential of the

termnals of Lhgahlhadidonr yat ahecfii'bs%@@é@wép d© all hdRddihmd an
optimum printing condition capable of 'high-speed continuous printing. That

i's, an interrgpkmifads| anar skhfidht €éyhimdlyprdei dfidy Ghas Aty rupt,
hi gh-speed printing, which is best performed during workpiece standby
periods so asimpuitiothauseaasmédtedi quantitrofighight RZarfiom the light
receiving means to caiculate_the light transmittance Qi of
the liquid crystal from the transmitted quantity of light R2
and the irradiation quantit& of light R1 of the light
emitting means, the controller adjusting the applied voltage
Vi of the liquid crystal so that this.light transmittance Qi
becomes equal to the optimum light transmittance Qo.

In this construction, an interrupt display of a still
image for testing {(an image for measuring light
transmittance) is effected dufing’thg rewriting of a
successive réwrite display of still images for marking
(images for printing) on the liquid crysfal, énd, during
this interrupt display, the transmittance Qi is measured,
and compared with the 6ptiﬁum light trénsmittance.Qo ﬁo
thereby adjust the applied voltage Vi of the liquid &rystal
for the still images. Due to this arrangement, it is
possiple to maintain an optimum printing condition even in a
laser liquid crystal marker capable of continuous high—speed
printing. Further, due to the equalization in potential of

the terminals of the liquid crystal, it is possible to



sone cases be insufficient, that is, a satisfactory result cannot be
obtained by sinply effecting an interrupt display of a still inage for
testing for the nmeasurenent of the transmittance Q. That is, when even..
t his workpi ece standby period is very shdrt, it is necessary, even when a
command to erase the still image for testing is issued, to display a next
still image for testing before the after-imge thereof has vani shed,
resulting a deterioration in printing perfornmance. However, in such cases,
as in the present invention, immediately after the.display of the.testing
still image_qn.the Liquid. st.al; LCALLS ek o r
short peri §G6¢ atllnrrea)n, oggllﬁl'gl ﬁ\ebgglﬁ%ﬁbagahéégﬁéﬂ?%%?ﬁiﬁ ofét h?lgeéllc?qﬁl d

crystal ar %ﬁ%q;lﬁw&l%d pjﬂngli%%t_ri ¢hRet €8t i ah. inberetyrthe sdepaseg still
i mage vani shes | eaving practically no after-i mage, so that it is possiblé

to mintal ﬁi@:{hi@gwﬂr inblried geadhibBrackiracypunighaspeed of the
present invention, there is provided a nethod for judging deterioration of
liquid cryg@intidig Rafiad ieomesitsipeg foltmesit épsioy: workaileaei agaadbyqui d
crystal with light in an irradiation quantity of . 13 light R1l; detecting
a transmit tgsk fpdtdd Yaoindt git daister anseiduced onrhdoughrengbphtqurdncipst al ;
calculating a light transmttance Q on the basis of the irradiation Iight
quantity Risams ¢dmed remsinsufficienti thagt isigla sSRELSEAGEPIYgFR§LRe
degree of deterioration of the liquid crystal . .

cannot be obtained by simply e€ffecting an interrupt display

of a still image for testing for the measurement of the

transmittance Qi. That is, when even this workpiece standby

period is wvery short, it is necessary, even when a command

to erase the still image for testing is issued, to display a

next still image for testing before the after-image thereof

has vanished, resulting a deterioration in printing

performance. However, in such cases, as in the present

invention, immediately after the display of the testing

still image 6n the liquid crystal (which is normally

effected for a very short period of time), all the common

and segment terminals of this liquid crystal are equalized

in electric potential, whereby the testing still }mage

vanishes leaving practically no after-imdge, so tpét—it is

possible to maintain an optimum printing condition. -

In a fourth aspect of the present invention, there is

provided a method for judging deterioration of liquid

crystal, the method comprising the steps of: irradiating a

liquid crystal with light in an irradiation quantity of



from changes with time of this light transmttance Q. Due to this
arrangenent, it is possible to correctly judge the degree of deterioration.
of a lIiquid crystal. Thus, unlike the conventional enpirical neasures, this
met hod makes it possible to check the degree of deterioration of a liquid
crystal on a rational basis and properly replace the liquid crystal. BRI.EF
DESCRI PTION OF THE DRAWNGS Fig. 1 is a schematic view showi ng the
construction of a laser liquid crystal marker according to the first aspect
of the present invention; Figs. 2A thr ough 2C are views illustrating how
the | aser |IC]UId crystal marker of Fig. 1 is controlled, of which Fig. 2A

is afl omﬂd‘ﬂ q Imustdreé'-ﬁ%nﬂhé §§é€‘§6‘htBth ﬂ%a’ﬁ)‘b’e‘i'iét?%nljtﬂ % & control | er

f d f f | d

o mph. Show GRATEI e (HFoCa Gots: 1R SrYFE el yHaing, i1ty °
| t .t d d

= bar anet ot '%“‘ﬁttrﬂ’%’cqgs%Q‘C§P§p§9#oﬁﬁﬁgt§%ﬁ%’?‘k#§{?ﬁ R S Tes of

|iquid _qu‘;n Oﬁﬁ{f'maé&ﬂdr 2 @224kl 208a2Gdaht 9 é A Capfien

deteriorati i qui stal T1s use as ‘a para ter is a

flowchart i{Jdiptdatdnd d‘é?ﬁtéeD' Puaeedibeacioh éfC@QérPi i | frpdyod her
enbodi nent jaccorc?ﬁlng to the. fIOI’St aspect 8 t he present&llgnventlon Fig. 4

i's E schemegdcin \dIRMFENO Wit thiteCOESthES! 195nOf tfah SR tdnepigh cryst al
et Due to this arrangement, it is possible to corfectly
judge the degree of deterioration of a liquid crystal.
Thus, unlike the conventional empirical measures, this
method makes it possible to check the degree of

deterioration of a liquid crystal on a rational basis and

properly replace the liquid crystal.

BRIEF DESCRIPTION OF THE DRAWINGS
Fig. 1 is a schematic view showing the construction of
a laser liquid crystal marker according to the first aspect
of the preseAt invention; Figs. 2A through 2C are views
illustrating how the laser liquid crystal marker of Fig. 1
is controlled, of which Fig. 2A is a flowchart illustrating
the section of the operation of the controller for judging
‘ the-degree of deterioration of a liquid crystal, Fig: ZB-is
a graph showing correlation characteristics of liquid B ‘
crystal application voltaqé and light transmittance when

liquid crystal temperature is used as a parameter, and Fig.

2C is a graph showing correlation characteristics of liquid



accarding to the second and third aspects of the present invention; Fig. 5
Is a flowhart illustrating control procedures for a controller according
to the second aspect of the present invention; Fig. 6 is a flowhart
illastrating control procedures for a cqnptroller i.n"another -enbodi ment
according to the second aspect of the present invention; Fig: 7 is a

di agram showi ng an exanple of a printing cycle according to the third
aspect of the present invention; Fig. 8 is a flowhart illustrating control
procedur es .for a controller according to the third aspect of the present
invention; and Fig. 9 is a schematic diagramillustrating a system for
measuri ng tdwysthegr eppdfichtien orditiage ehdallighti trangsittamceoviiéng to the
fourth aspect of the invention. BEST MODE FOR CARRYI NG QUT THE. | NVENTI ON A
preferred oeimtinnatisn ©f ddauild Mét@ﬂ-ysﬁapsﬁdrk%raam@bamﬁgrt oFige
first aspect of the |nvent|on W Il now be described in detail wth

ref erence tQ)%%u?zﬁ%Rﬂﬁﬁﬂﬁﬁ Ad- 1psswatdsg C°nFF§l BIQFRFRTeFH PRI Ynar e
construction of a |aser é}l d crystal, whi ch | ase scannlng i's

per formed diPRE %%ﬁrFQﬁa Yhequi QF 2°59r§lﬁ%l§ﬁoﬁhﬁ1 157Eox and a

| i X Al beam L1 emitted
roma | aodioRATY [T5L0Te PRSI STRPIIG o biant ShpknbcHEOT EECaT. g | s

(PO S 0 Al B L e teasg el e
according to the second and third aspects of the present
invention; Fig. 5 is a flowchart illustrating control
procedures for a controller acéording to the second éspect
of the present invention; Fig. 6 is a flowchart illustrating
control procedures for a controller in another embodiment
according to the second aspect of the present invention;
Fig. 7 is a dlagram showing an example of a printing cycle
according to the thlrd aspect of the present invention; nlg:
8 is a flowchart illustrating control procedures .for a
controller according to the third aspect of the preéent
invention; and Fig. 9 is a schematic diagram illustrating a
system for measuring the degree of deterioration of a liquid
crystal according to the fourth aspect of the invention.

BEST MODE FOR CARRYING OUT THE INVENTION
A preferred embodiment of a laser liquid crystal marker
according to the first aspect of the invention will now be
described in detail with reference to the accompanying

drawings.



| aser beam thus deflected is further deflected by a Iens 82 such that it

i s-condensed on a reflecting mirror 83. In this process, scanning
irradiation is effected on a pattern of the liquid erystal .2, and™ .

exca usively a transm ssion | aser beam L2 which is in conformty with the
pattern is applied to the reflecting mTtor 83. The transm ssion | aser beam
L2, reflected by the reflecting mrror 83, is transmtted through an
objective lens 84 before it is applied to the surface of a workpiece 3 on a
wor k feeder 10 to thereby print the pattern on the surface of the workpiece
3. In thts construction; the driving systemfor the |aser.oscillator 1, the

XY defl ectors 9¥igndi9¥howHethé Ghafdwd ¥ét @dn st Adut ildie ofoak 1heeder 10, is

el ectrically connected to a controller 7 and synchronously controlled by
the controliquid. cFystabrmarker; rixadhick deset edtanmingeisoperfbreed7 are a
tenperature sensor 4 for detecting the tenperature Ti of the liquid crystal
2, light eontaipgtuesmsof albiguidrcrystal & by a Polvogni #izrest 8K 2 with
light in an irradiation quantity of light RL, and |ight receiving neans 6
for receivang ahgalvghescanperni %/x'eordhicﬁ WBprvehas Xghdeflestarsz, An a

transmtted light quantity, R2. art fromthe synchronous control nentioned
above, thi 3288kt Peprellpefibiad r%ﬂliﬁ%ﬁxﬂﬁ§%%}q§§§bﬁiEEBVS Bow. The

sof tware cotiuction ol Lheccontagll el s, |fhd % HRY Yebheaedaogy bed

the Y-direction by the galvanoscanner 9Y¥. Then, it isi
deflected in the X-direction by the polygon mirror 9X. The
laser beam thus deflected is further deflected by a lens 82
such that it is- condensed on a reflecting mirrof 83. . In
this process, scanning irradiaﬁibn is effectéd on a pattern
of the liquid crystal 2, and exclﬁsively a transmission
laser beam L2 which is in cohformity with the pattern is
applied to the reflecting mirror 83. The transmission laser
beam L2, reflected by the reflecting mirror 83, is
transmitted fhrough an objective lens 84 before it is applied to
the surface of a workpiece 3 on a work feeder 10 to theréby
print the pattern on the surface of the workpiece 3. 1In
this construction, the driving system for the laser
oscéillator 1, the XY deflectors 9X and 9Y, the liquid
icrystal 2 and the work feeder 10, is electrically connected
to a controller 7 and synchronously controlled by the
controller 7. Further, electrically connected to the
controller 7 are a temperature sensor 4 for detecting the

temperature Ti of the liquid crystal 2, light emitting means



reference to Figs. 1 and 2A through 2C. The controller 7 stores in advance
correlation characteristics P of the liquid crystal application voltage V
applied to the liquid crystal 2 for pattern display and the 1ight :
transmttance Qof the liquid crystal 2 at the tinme of |light transm ssion,
using liquid crystal tenperatures T of &is liquid crystal 2 as paraneters
(step 101). As shown in Fig. 2B, when, for example, the liquid crysta
tenperature T is a specific tenperature Tl, the light transmttance Q (the
verticallaxis) of the liquid crystal 2 has a correlation characteristic Pl,
in which it changes with-the liquid-crystal -application voltage V.(the

hori zont al s .4 Mherhdiiy lerind el baly ot P! gl o) gsdud | an | ncr eases
(T = Tl [err]3 Ti [err]3 Tn), or the liquid crystal 2 deteriorates, this

correl ati oni chad aed f5rd hiadntR dydicatightarihi Ghaupvghe tov@idihdeméshs - hand
side, as can be seen fromthe diagram (P = P1 [err| Pi [err] Pn). In short,
a rise in tédefdd qreckioritsy alhe libhtt evpasativtedTthacdghether higloth i n t he
liquid crystal 2, or an increase in the liquid crystal application voltage
V causes therystaht 2, drsrd tixansmi®@teld lighki quedtétysRal 2Apartnfremse. |t
shoul d be noted that an increase in the liquid crystal tenperature T and an
i ncrease orthiRcrmnghronpuh cantpald menrdeaedapppreat FBhs verRbrelirsare
factors which can be set independently of a deterioration in the liquid
crystal . TRREIQEPIRANY RFRSHUEEoegeribrer BEFOY - of .

The software construction of the controller 7, in the
construction described above, will .be described with
reference to Figs. 1 and 2A through 2C. The controller 7
stores in advance correlation characteristics P of the
liquid crystal application voltage V applied to the liquid
crystal 2 for pattern display and the light tfansmittance Q
of the liquid crystal 2 at the time of light transmission,
using liquid crystal temperatures T of this liquid crystal 2
as parémeters (step 101). As shown in Fig. 2B, when, for
example, the.liquid crystal temperature T is a specific
temperature T1l, the light transmittance Q (the vertical
axis) of the liquid crystal 2 has a correlation
characteristic P1, in which it changes with the liquid
crfstal application voltage V (the horizoﬁtal axis). When
the liquid crystal temperature gradually increases (T = T1
— Ti — Tn), or the liquid crystal 2 deteriorates, this
correlation characteristic P indicates a shift upward toward

the left-hand side, as can be seen from the diagram (P = Pl

— Pi — Pn). In short, a rise in the liquid crystal



theg liquid crystal 2, the controller 7 stores the follow ng correlation
characteristic P in advance: using liquid crystal tenperatures T of the
liquid crystal 2 as paraneters, light is applied fromthe light emtting
means 5, consisting of a sem conductor |aser or the like, to the liquid
crystal 2 while varying the application ﬁ&itage V applied to the liquid
crystal 2 for pattern display, and the light transmtted through the |liquid
crystal 2 is received by the light receiving nmeans 6, which consists of a
PIN diode or the like. Fromthe irradiation quantity of light RL and the
transmtted quantity of light R2, the light transmttance Q.of the {iquid
crystal 2 i sc&letaled 4,0 DRt d 118 O %akh@nm&aiaceeygéan@ Po§hown
in Fig. 2B, which are, as stated above, stored. Next, the controller

j udges the dagrarcasteted iiatl afnidf ms&@uuabbyluaeﬂohlqundagéyvt al 2,

and perforns control so as to maintain an opti mum | i ght 18 transmttance
Q. That | scaudes i | eighwol tragesndtteindeh® bifquhd tigeidl capdtahe2! tqui d
crystal tenperature Ti are input to the controller 7 (step 102). In this

enbodi ment, Incnessam i sltadstprweld ibe wintedd tthetcent iotkeas® ahstheuflpguddt he
l'iquid crystal application voltage V applied to the liquid crystal 2, so
that this |ieEsrak ymrpergipiied iand vl tiageewses ogsdacasasfelappheed

voltage Vi of the liquid crystal In a case in which the controller 7 is
separately ¥ ggkﬁxpgmqq§ application voltage V are factors which can

be set independently of a deterioration in the liquid
crystal. Thus, to measure the degree of deterioration of
the liquid crystal 2, the cpntroller.7 stores the following
correlation characteristic P in advanceﬁ using liquid
crystal temperatures T of the liquid crystal 2 as
parameters, light is applied from the light emitting means
S, consisting of a semiconductor laser or the like, to the
liquid crystal 2 while varying the application voltage V
applied to the 1iquid'crysta1 2 for pattern.display, and the
light transmitted through the liquid crystal 2 is received
by the light receiving means 6, which consists of a PIN
diode or the like. From the irradiation quantity of light
Rl and the transmitted quantity of light R2, the light
trénsmittance Q of the liquid crystal 2 is calculated to
obtain the correlation chafacteristics P shown in Fig._éB, .
which are, as stated above, stored.

Next, the controller 7 judges the degree of
deterioration of an actually used liquid crystal 2, and

performs control so as to maintain an optimum light



respect to the controller of the main body, the liquid crystal application
voltage Vis input fromthe controller of the main body. In that case, the
liquid crystal tenperature Ti is input fromthe tenperature sensor -4. Next,
the<controller 7 extracts a characteristic corresponding to the |iqui-d
crystal tenperature Ti fromthe correl at8on characteristics P stored. This
w Il be regarded as the correlation characteristic Pi (Ti) shown in Fig.

2C. This allows the correlation characteristic Pi (Ti) serving as a
reference to be determ ned, whereby an optimumlight transmttance Qo for
the normal liquid crystal 2 at the liquid crystal application voltage Vi is

bt ai ned. t . sinult ith this, the ¢contraller 7 |ates th
T ght tr anSRRREBAEESRFSopor nerbehut ey CHySiaRPoled, YRE aeRo i RE FPEad at | on
tit 1 ght ] d tit f i ght tep. 103).
d'hce t he T cFEsRaT R, thaTERbE A der anasi e i BERST 10
neans 5 isifgher FLNEHlDKohBEaYER! 4 ! Yollp A1 Cidf Yrldle hBRIGlde, 4 has
supplied to ? e F%gﬁt emtting nmeans %,'%hls quantity of electricity is

obt ai ned tBgeHaR §At aaa§£ear 26698188 t AEXdond AL AT QlIls®) ohtPRIERS the
judgment as to whether the light transmttance Q is equal to the optinum

| ight transighidaneey@Radr appllicst £on lod)cadthen dgpliedieiceriienadduiat it is
not, the applied voltage Vi of the liquid crystal

crystal 2, so that this liquid crystal application wvoltage V

is uscd as the applied voltage Vi of the liquid crystal. 1In

a case in which the controller 7 is separately arranged with

respect to the controller of the main body, the liquid

crystal application voltage V is input from the controller

of the main body. In that case, the liquid crystal

temperature Ti is input from the temperature sensor 4.

Next, the controller 7 extracts a characteristic
corresponding to the liquid crystal temperature Ti from the
correlation characteristics P stored. EThis will be regarded
as the correlation characteristic Pi (Ti) shown in Fig. 2C.
This allows the correlation characteristic Pi (Ti) serving
as a.reference to be determined, whereby an optimum light
transmittance Qo for the normal liquid crystal 2 ar the
liquid crystal application voltage Vi is obtained. ’

Almost simultaneously with this, the controller 7 calculates
the light transmittance Qi of the liquid crystal 2 in use
from the irradiation quantity of light R1 and the
transmitted quantity of light R2 (step 103). Since the

irradiation quantity of light Rl from the light emitting



Is gadjusted so that the light transmttance Q becones equal to- the
optimum light transmttance Qo (step 105). This procedure is based on the
fact -that, if there is-no deterioration in the liquid crystal 2, .the |ight
transmttance Q is equal to the optinmumlight transmttance Qo and is
constant, whereas, if the liquid crystal 2 has deteriorated, the |ight.
transmttance Q becones, as stated abové® larger than the optinumlight
transmttance Q even when the liquid crystal tenperature Ti or the applied
voltage Vi of the liquid crystal is the same (The characteristics shown in
Fig. 2C Pi.(Ti). [err] Pul(Ti) [err] Pu2 (Ti)). By adjusting this applied
voltage Vi of the liquid-crystal; it is possibl.e to obtain.the optinm

light transgdtanee i@Qde%e%n%&eB%,WSQ &D&éi@giﬁgyéé&i&@?sth? ,

deteriorated. However, when the deferiordation lquid crysta

further prog%sR3.1e3 COMAIst isQ@pilieErﬁégbﬁeaPQ?'&tiélni’\fﬂﬂh;_:ﬁéahgdijpat ed by
the characteristic Pu2(Ti), the 20 optimumTight transmttance Qo cannot

be obt ai ned taMen gamdjtysdfmeliekerapptiyeds vebt &0cedi tinfoldle 1hgetNakryst al
(Mi [err] Vie, Q [err] Q) (step 106). In this case, it is determ ned that
the |iquid grsiedsing.s at the end of its service life (step 107), and a
display to that effect is output as required (step 108). As stated above,
printing is perf dterd Wid eatteldileg fhaakeadat jedgoént has char wbethest i cs
of the liquid crystal on the basis of a rational judgnment, so that
the light transmittance Qi is equal to the optimum light
transmittance Qo or not (step 104). When it is determihed
that it is not, the appliéd'vpltagé Vi of the liquid crystal
is adjusted so that the light transmittance Qi becomes edqual
to- the optimum light transmittance Qo (step 105). This
procedure is based on the fact that, if there is no
deterioration in the liquid crystal 2, the light
transmittance Qi is equal to the optimum light transmittance
Qo and is constant, whereas, if the liquid crystal 2 has
deteriorated, the light transmittance Qi becomes, as stated
above, larger than the optimum light transmittance Qi even
when the liquid crystal temperature Ti or the applied
voltage Vi of the liquid crystal is the same (The
characteristics shown in Fig. 2C: Pi(Ti). = Pul(Ti) —
Pu2(Ti)). By adjusting this applied voltage Vi of the
liquid crystal, it is possible to obtain the optimum liéht
transmittance (Qi = Qo) even when the liquid crystal 2 has
deteriorated. However, when the deterioration of the liquid

crystal 2 further progresses, a condition is brought about

in which, as indicated by the characteristic Pu2(Ti), the



a satisfactory |evel of clearness is obtained, and an optimum printing
condition is nmaintained. Further, it is possible to properly check the
service life of the liguid crystal. Further, as shown in Fig. 3, steps 106
through 108 in the software constructionzgf the controller of the above-
descri bed enbodi nrent (See Fig. 2A) may be omitted. This nakes it possible
to maintain an optimumprinting condition. The time for replacenent of the
liquid crystal nay be decided upon by setting it in advance in terns of
printing tine, etc., checking the printing condition of the workpiece
surface, etc. Further, in an applied case, in step 105 of the :
above-descrPﬁédméﬁb&dﬁﬁénFFaPﬁélgFéaFés@°iﬁa¥%%td%@eﬁ??ﬁ%&??wFYﬁntﬁﬁ l'i quid
crystal may be visual ly outpyt, hased on the apount of adjustnent. of_ the
o d of yseanuas, mheo AeReRgEO OB o b P Eq BROEUTTER CHS AT Lkt

| Tquid crystgl vEkes » o) 3ceRpdipg)to thecagcondsaspect gl atlierhyeati on

wi Il be described in detail with'reference to the acconpanying draw ngs.
of Yt hi's enbEHP SRR o o PRV PEoR ERartorhE SREIOH B s SPRLERCELELT e
Sensor 4 is (2mve@7)So AdleSHilspihgnc8f chRe Darduer s copsparcison will be
omtted, and thé software construction will be
required (step 108). As stated above, printing is performed
while checking the condition of the characteristics of the
liquid crystal on the basis of-a rationél judgment, so that
a satisfactory level of clearness is obtained, and an
optimum printing condition is maintained. Further, i; is
possible to properly chéck the servicé life of the liquid
crystal.
Further, as shown in Fig. 3, éteps 106 through 108 in
the software construction of the controller of the above-
described embodiment (See Fig. 2A) may be omitted. This
makes it poséible to maintain an optimum printing condition.
The time for replacement of the liquid crystal may be
decided upon by setting it in advance in terms of printing
time, etc., checking the printing condition of the workpiece
sufface, etc. further, in an applied case, in step I05 obf
the above~described embodiment, the progress in ﬁhe -
deterioration of the liquid crystal may be visually output !
based on the amount of adjustment of the liquid crystal

application voltage.

A preferred embodiment of a laser liquid crystal marker



deseribed with reference to Fig. 4 and Fig. 5, the latter of which shows an
exanpl e of the software. In the controller 7, a reference value So of the
light transmttance of-a normal liquid crystal 2 is set beforehand through -
ext érnal operation (step 121). Input to the controller 7 are the o
irradiation quantity of light RL of the light emtting neans 5 and the
transmtted quantity of light R2 fronlthezhight recei ving neans 6, on the
basis of which a detection value Si of thé transmttance is cal cul ated
(step 122). Next, the controller 7 conpares the detection value Si with the
above- neriti oned reference value So (step 123). Wen they are not equal to
each other, it adjusts the applied voltage Vi of the liquid crystal so that
they become equal to each other (step-124). This makes it possible to

const ant | y naictioaiding lioglthleeselcoali pspattngfatker icyentiivs withbdberent i s
particularly suitable for cases in which there is no need to consider the

| i qui d cryst descarijpedatior deTiaidswatpareference to22hé oxceompgeing case in
whi ch the apparatus is installed in an environment of a constant

t enper at ur e. dNBRLNGSi-g. 6 shows an enbodi ment of the software construction
which is different_fromthat of Fig. 5. Previously set in_the controller 7
t hrough external d&pé&-atd Ghexse thige BERcEODEFHRCESORT Of heP1F ght

transmttance of g normal |iquid crystal 2 and the liqujd crystal
appl i cat i on FHRREIERTos AR SPRFEEUGHIOB! OphFbhS  FEPodiment 'Snly

differs from that of Fig. 1 in that the temperature sensor 4
is removed, so a description of the hardware construction
will be omitted, and the software construction will be
described with reference to Fig. 4 and Fig. 5, the latter of
which shows an example of the software. In the controller
7, a reference value So of the light transmittance of a
normal liquid crystal 2 is set beforehand through external
operation (step 121): Input to the controller 7 are the
irradiation quantity of light R1 of the light emitting means
5 and the transmitted quantity of light R2 from the light
receiving meéns 6, on the basis of which a detection wvalue
Si of the transmittance is calculated (step 122). ©Next, the
controller. 7 compares the detection value Si with the above-
mentioned reference value So (step-123); When they are not
eqﬁal to each other, it adjusts'the applied voltagé Vi of
the liquid crystal so that they become equal to each other
(step 124). This makes it possible to constantly maintain a
high level of printing accuracy. This embodiment is
particularly suitable for cases in which there is no need to

consider the liquid crystal temperature Ti as a parameter,



maxi mum and m ni mrum application voltage threshold val ues Vmax and Vmn are
det’er mi ned beforehand (step 131). The controller 7 calculates the detection
value Si of the light .transmttance fromthe irradiation quantity of I-ight
Rl .of the light emtting neans 5 and theﬁransm’tted quantity of light R2
of the light receiving nmeans (step 132).- " 'Next, it conpares this detection
value Si wi'th the reference value So (step 133). Wen the values are
different fromeach other, it adjusts the applied voltage Vi of the liquid
crystal by'increasing or decreasing it so that the detection value Si
becones equal to the reference value "So (step-134)- ‘In this -adj.ustment, the
adj ust ed apptdrecexamgbge d/icafe tilme whiighi dher gppakateschospimsdalied tme

maxi mum appl i cation vol tage threshol d val ue Vmax and the m ni num

appl i cati on am|emgecenmesthafl a/dopstentntérpepat8sy. Wien Vi [err] Vmax
(step 135- 1), or when Vi [err] Vmn (step 135-2), a warning is output o
(step 136). The WgfFndFian beShawre@nppmboddmgnst ofythe 39fpraTtded al arm

display lamp or the Iike. Due to this arrangenment, it _is, possible to
mai ntai n t heCPRFERYFREAR iRty L dd-f€86§f‘§nf-rf’§‘v§¥‘aﬁn8fpﬁ)%er y judge the

degree of deteriporatjon of th Ii%uipl crystal, L.ch mus bga_lo_lealt with by

repl acenent %‘Fe‘flrf%u§jr§f<es.etl't1’é‘t %téﬁtlefaksﬁytgf’gﬁ%ee %i?go Covers the

(ol on 19 0258 Ehdh LOK TRl Ua6E S Ak eeoLubie |19
transmittance of a normal liquid crystal 2 and the liquid
crystal application voltage threshold value Vm, of which the
maximum and minimum application voltage threshold values
Vmax and Vmin are determined beforehand (step 131). The
controller 7 calculates the detection value Si of the light
transmittance from the irradiation quantity of light R1l of
the light emitting means 5 and the transmftted quantity of
light R2 of the light receiving means (step 132). Next, it
compares this detection value Si with the reference value So
(step 133). ﬁhen.the'values are different from eaéﬁ other,
it adjusts the applied voltage Vi of the liquid crystal by
increasing or decreasing it so that the detection value Si
becomes equal to the reference value So (steﬁ 134). In this
adjﬁstmeqt, the adjusted applied voltage.Vi of the'li&uid

i crystal is compared with the maximum application voltagé_

threshold value ﬁmax and the minimum application voltage
threshold value Vmin (step 135). When Vi 2 Vmax (step 135+

1), or when Vi £ Vmin (step 135-2), a warning is output

(step 136). The warning can be given by a separately



of &khe irradiation light quantity Rl of the light emtting neans 5, on

whi ch they are based, are the sanme, the object of the present invention can
be achi eved sol ely thTough conparison of the transm ssion light quantities
R2, *wi t hout having to calculate the light transmttances Q Q and Q one
by one. In another case, the irradiatior3quantity of |ight Rl when
calculating the optimumlight transmttance Qo of the normal |iquid crystal
2 and the irradiation quantity of light RL when calculating the Iight
transntttance Q of the liquid crystal 2 in use are set in a predeterm ned
proportion (for exanple,.1/1.5),. whereby it .is. possi bl e ta_achieve the

obj ect of the esent I nventi o hro h conEarls n of _the trﬁﬂsntttance
| i ght quantffzf‘? al'larﬁﬁ'b' disn sé’f hPgo 11 ﬁe oBBf atPohPt

substanti al | the sa the calc t| h t
preferred n lassé"'rc'ﬁs gﬂ%d cry mtta n HQ gg%{r?%h%g to the

third aSpeCéccS{]ré atﬂwae@dn%q:a ld 11 W %%? gl%%estgg méhé&é Hae gklee‘m th

reference to cconpanyl ng rawnngs enbo nt = wi eparately

descri bed vif NydESpRETad Qd N RAAWAIR 12D L3 Rwar FheeRskhye! benaetatzer eof .

In the har mare construction, as shown in Fig. 4, the |aser beam Ll emtted
fromthe | agfgn |gé§§g&éﬁbﬁﬁr53 dHeaavgle .t hrough a beam shapi ng devi ce 81,

and is first deflected in the Y-direction by the gal vanoscanner 9Y. Then,
it is The term "light transmittance® also covers the
following cases, etc: for example, in the calculetion of
the light transmittances Q, Qe-and Qi, when all the values
~of the irradiation light quantity R1 of the light emitting
"means 5, on-which they are based, are the Same, the object
of the present invention can be achieved solely through
comparison of the transmission light quantities R2, without
having to calculate the light transmittances Q, Qo and Qi
one by one. In another case, the irradiation quantity of
light Rl when caleulating.the optimum light transmittance Qo
'of the normai liquid crystal 2 and the irradiation quantity
of light Rl when calculating the light transmittance Qi of
the liquid crystal 2 in use are set in a predetermined
proportion (for example, 1/1.5), whereby_it is possible to
. acﬁieve the object of the present invention through i
comparison of the transmittance light quantities R2. fﬂus,
in these cases also, the operation is substantially the same
as the calculation of the light quantity.

A preferred embodiment of a laser liquid crystal marker

according to the third aspect of the invention will now be



def kected in the X-di rection by the polygon mrror 9X to scan a still inmage
for marking on the liquid crystal 2. The | aser beamthus deflected is
further deflected by a | ens 82 and condensed on a reflecting mrror 83. -In

thi s process, scanning irradiation is effected on the still inmage for
marking of the liquid crystal 2. A transffssion | aser beam L2, which is in
conformty with this still image for marking, is applied to the reflecting

mrror 83. The transnitted | aser beam L2, reflected by the reflecting
mrror 83, is transmtted through an objectlve | ens 84 before it is applied
to the surface of -a workpiece 3 on a.work feeder..10.to thereby print the

still inmgede@criBeki B9 QBthhe fYUthagerotfehde M@r$ﬁéfﬁété% dd&'hﬁls
construction; the driving systemfor the |laser oscillator 1, the XY

defl ectors aéaaaaggY the liquid crystal 2 and the work feeder 10, is

el ectrically connected to a controller 7 and synchronously controlled by
the controll er 7.This Zmbodiideat, wapar bef sepataeebipodesstilbed iwitge f or
marking, the liquid crystal 2 also displays, as needed, a still image for
t esti ng t hr ceglpesppltioc thieohaofivacet agd Sofnvahe comstoldtsions themeledt.,
light emtting means 5 consisting of a light emtting device or the I|ke
and |ight rd®eithiengancainsescopasrycthgnofas sheim ivclivi fy dhd d@ser the
| i ke are provided. Light fromthis light emtting nmeans 5 is transmtted
t hrough t he be@m Pllﬁﬂgétﬁérft€§tFH@ HP§5Fa9%El%$Pt°r 1 first travels

through a beam shaping device 81, and is first deflected in
the Y-direction by the galvanoscanner 9Y. Then, it is
deflected in the X-~direction by the polygon mirror 9X to
scan a still image for marking on the liquid crystal 2. The
laser beam thus deflected is further deflected by a léns 82 -
and condensed on a reflecting mirror 83. In this process,
scanning irradiation is effected on the still image for
marking of the liquid crystal 2. A transmission laser beam
L2, which is in conformity with this still image for
marking, is abplied to the reflecting mirror 83. The
transmitted laser beam L2, reflected. by the reflecting
mirror 83, is transmitted through an objective lens 84 before
it is applied to the surface of a workpiece 3 on a work
feeder 10 to thereby print the still imaée for-mafkiné on
the surface of the workpiece 3. In this construction, the
driving system for thé laser oscillator 1, the. XY deflectors
9X and 9Y, the liquid crystal 2 and the work feeder 10, is
electrically connected to a controller 7 and synchronously

controlled by the controller 7.



the,liquid crystal 2, and the transmtted light is received by the |ight
receiving nmeans 6. Further, the transmtted quantity of light R2 of this
received light is output to the controller 7 fromthe |ight receiving nmeans
6. The light emtting nmeans 5 and the |ight receiving neans 6 are o
electrically connected to the controller ., and synchronously controlled by
this controller 7. Further, the controllgp 7 stores in advance an opti num
‘light transmttance Qo and the irradiation quantity of light RL of the
light emitting means 5. The optimumlight transmittance Qo is a val ue set
in the controller 7 in advance based on the characteristics of the |iquid
crystal 2 when the laser liquid crystal marker i's 4im continuous service.
Next, the softwareyetiet ) ugpaon frdn thee dessld BedllAimabewforn mairgking, this
enbodi nent consi sts of a high- accuracy, high-speed continuous printing

| aser |i qui dchoe ystq@iideekertadavd g so plisplliayg . c psl seedel, appstilintislge

26 0.8 seconds. One cycle is conposed of a marking still image display
time (printifeF tteahing thyaudh iaprdgmasionnod] yodtagseéspBsthgnd a

wor kpi ece standby tinme (workpiece nmoving and printing position fixing tine)
t2, which i sCpprOddemt el y @%%oﬂdgh%rw%rlpﬁi Bganst an8pP stSirdng2 ofs

conposed of interrupt display, periods t21 for the testing still .image, each
of which is %uﬁﬁ?ﬂﬁrﬁﬂ%ﬁ%i&ﬁ]?é&%ﬁﬁuﬁf ' 165?@ﬁPFa&lghﬁaFﬁfﬁﬁfﬁﬁgberiods

t22 for ad un?éa'z?sg éhceoﬁ/soistt eg$ oaf aalllight receliving device or the like

are provided. Light from this light emitting means S is
transmitted through the still image for testing displayed on
the liquid crystal 2, and the transmitted light is received.
by the light receiving means 6. Further, the transmitted
quantity of light R2 of this received light is output to the
controller 7 from the light receiving means 6. The light
emitting means 5 and the light receiving means 6 are
electrically connected to the controller 7 and synchronously
controlled by this controller 7. Further, the controller 7
stores in ad%ance an optimum light transmittance Qo and the
irradiation quantity of light Rl of the light emitting means
5. The optimum light transmittance Qo is a value set in the
controller 7 in advance based on the characteristics of the
: liéuid crystal 2 when the laser ligquid crystal marke; is in
contiﬁuous service. B
Next, the software construction will be described. As
shown in Fig. 7, this embodiment consists of a ﬁigh-
accuracy, high-speed continuous printing laser liquid

crystal marker having a printing cycle t of approximately



t he sccommon and segnent termnals of the liquid crystal 2 to OV (that is,
~grounding all the termnals), each of which is approxi mately 0.04 seconds.
These display and poténtial equalization periods are each repeated three
tinds. A control flowhart for this repetitive control’ is shown in Fig. 8.
In this construction, of the three occurpgnces of the interrupt display of
the still inmage for testing, in the first interrupt display period t21 for
the testing, still image,. the controller 7 inputs the transmtted quantity
of light R2 fromthe |ight receiving neans 6, and, fromthis transmtted
quantity of light R2 and the irradiation Iight quantity Rl, calculates the
actual light transmttance Q, adjustlng t he applied voltage Vi.. of 'the
Iiquid crysa8 Feconds.| ORegEycds tlﬁaFO{“H‘ésﬁigﬁf 2 IR afiedl by PR nes
equal to the og}lnun1llght transmttance Qo his pakes it POSSIb|e to

mai ntain a layc ey BEiREiRg @%@ﬁ)lﬁlthﬁthhZVSCQERF?ﬁ Bateder043 quid
t al k f t ti ' t L1y

bossi bl e t 0 SFESALE ﬁ@ﬂ"ﬁéuﬁe #3605 AER ﬁbgc%ﬂﬁsap?%%%@%hf%d“i‘é{'%%ﬁ%g?n al |

f the th hi t

0 e re%g%%&ﬁrﬁu o<l SR 509 bogime9rF§ | niéReldti J@&fnterrup?gdlsplay

effected at en nunbers o mes’ of " bccurrence

as needed. Rurs Refeorddle NuHRe o &Fab@esseéna%e%m@t éj'ﬁ)'éé{mﬂ:é'sé@

wor kpi ece standby period t2 is nof limted to three;
interrupt display periods t21 for the testing Stlll image,

each of which is approximately 0.1 seconds, and poténtial
equalization periods t22 for adjusting the voltages at all
the common and segment_terminals of the liquid crystal 2 to
-OV (that is, grounding all the terminals), -each of which is
approximately 0.04 seconds. These display and potential
equalization periods are each repeated three times. A&
-contfol flowchart for this repetitive control is shown in
Fig. 8.

In this construction, of the three occurrences of the
interrupt diéplay of the still image for testing, in the
first interrupt display period t21 for the teSting still
image, the controller 7 inputs the transmitted quantity of
light R2 from the light receiving means 6, and, from this

! trénsmitted quantity of light R2 and the irradiatibn-ligﬁt
quantity R1l, calculates the actual light transmittance Qi, .
adjusting the applied voltage Vi of the liquid crystal for
still images so that the light transmittance Qi becomes
equal to the optimum light transmittance Qo. Thi§ makés it

possible to maintain a high—accuracy printing even in the



also be two or less or four or nore. Although the above enbodi nent has been
deScribed with reference to a laser liquid crystal marker of a hi gh-speed
continuous printing type, it should be noted that the display of a still:

i mge for marking subsequent to a still |mage for testing nmust inevitably
mean that the still image for testing |52-prased Thus, in a laser liquid
crystal marker in which there is sufficient time for the after-image of the
still image for testing to disappear, it is only necessary to effect
interrupt display of the still image for testing during a rewiting period
for still image for marking if the printing to be perforned is such that it
allows sufficient tine for the after-inage to di sa pear A preferred

embodi nent oése aftaoctaserj Lbgiid erYd bRATKATF B Hdor-eP@edal accordi ng
to the fourth aspect of the invention wil| be described w reference to
the acconpaf9Prh§nEPEfi REENLING JBYRY: t hi's Je?’rﬁb’tﬁ YRy &‘Hsflwri tction
related to the judgnment of deterioyatjon of ui d c%* Jn.the fi,rst

aspect of tR&PFALe P?oﬁnP’étEX?? CEEEHP arf "J‘f'ﬁﬁ B éir?ﬁStmeEt in
ecordi gt BYtPE BhbotReh TERFEE LR FhL AR, (daldd pryotal marker

accordi ng t 8% to ol ition of

accordi ng | )
wih ignt PAPSREETa bd I%ﬁcéﬁfiﬁ%fﬁe&ﬁg‘?mm g e atsedd Gl L€

times of occurrence of interrupt display as needed.
Further, the number of times of interrupt display in the
workpiece standby period.tg is not limited to three; it may
also be two or less or fduf or more.

Although the above embodiment has been described with
reference to a laser liquid crystél marker of a high-speed
continuous printing type, it should be noted that the
display of a still image for marking subsequent to a still
image for testing must inevitably mean that the still image
for testing is erased. Thus, in a laser liquid crystal
marker in which there is sufficient time for the after-image
of the still image for testing to disappear, it is only
necessary to effect: interrupt display of the still image for
testing during a rewriting period for still image. for

marking if the printing to be performed is such thét it -

allows sufficient time fofﬁgg; after—-image to disappeagj |
A preferred embodiment of a method of judging

deterioration of liquid crystal according to thé fourth

aspect of the invention will be described with reference to

the accompanying drawings.



emtiting nmeans 5, and the light transmtted through this liquid crystal 2,
inatransmtted quantity of light R2, is received by the |light receiving
nmeans 6, and, on the basis of the irradiation |ight quantity RL and the
tradsmtted quantity of light R2, a light,gfransmttance Q is calcul ated by
the controller 7. Wth respect to this light transmttance Q, itens of

dat a obt ai ned t hrough changes with tine are conpared with a |light

transm ttance serving as a reference corresponding to the limt of
deterioration; when the data obtained through changes with tine is in
excess of this reference value, it is’ determned that ‘the liquid crystal 2
has deteriorated. IDuéhtis embodimeatgenphy, that | segobst felateqd utyethde
deterioration of the liquid crystal rationally and correctly. Regarding the
envi ronment iJndamesk phedetissiorptipd efybignidregneatal i the ifistsll | ed, if
it is difficult to maintain the liquid crystal 2 at a fixed tenperature, it
i s desirabl e2f8e64uPpH the F-F‘HSPHmn 28 eryERCEed 3F an aaf{m%’t%e sensor

4 d take the t t t

det or or ati of %2R Bney Eipni 8 HERABACHF> f&ﬂ %@a&a@%so*ﬁx St fop

appar ent fron1the hard Sugang &gg ogag ICE%ﬁﬁ? QPWHIIH Fig. 9,
C p

appl i cabl e t8 tﬁengg qU|d ers 0 resent” i nvention
descri bed abg iﬁsoa&m%.hleer,pa& kS EE%n@EQ'tﬁé‘béﬁn&&ﬂ{rﬂ'd?rdéﬂéxsﬂréﬂ%ﬂd

crystal markers ong as t ey use
of the liquid crystal 2, the liquid crystal 2 is irradiated

with light in an irradiation ¢quantity Rl from the light
emitting means 5, and the light transmitted through this
liquid crystal 2, in a transmitted quantity of -light R2, is
received by the light receiving means 6, and, on the basis
of the irradiation light quantity Rl and the transmitted
quantity of light R2, a light ﬁransmittance Qi is calculated
by the controllér 7. With respect to this light
transmittance Qi, items of data obtained through changes
with time aré compared with a light transmittance serving as
a reference corresponding to the limit of deterioration;
when the data obtained through changes with time is in
excess of this reference wvalue, it is determined that the
liéuid crystal 2 has deteriorated. Due.to this ariaﬁgemént,
it is possible to judge the deterioration of the liquid
crystal rationally and correctly. Regarding the environment
in which the laser liquid crystal marker is to be installed,
if it is difficult to maintain the liquid crystal 2 at a

fixed temperature, it is desirable to equip the liquid



traasm ssion-type liquid crystal 2. The laser liquid crystal markers to

whi ch the present invention are applicable are not limted to the types of

| aser liquid crystal markers as shown in the above enbodi ments but are
appficable to other types of laser liquid crystal markers. There is '
naturally no limtation regarding the ty3® of |ens, the nmounting position
thereof, etc. Further, instead of the XY deflectors in the above- described
constructions (See Fig. 1) (That is, scanning can be done away with), it is
possi ble to adopt, for exanple, a systemin which a |aser beam Ll is
collectively applied fromthe | aser -oscill-ater -1 to the entire pattern of .

the liquid grystd] 2 §HERuUdhe Smpeadtifdd NGRS 4 thatéﬁétéﬂbih whi ch,
instead of the reflecting mrror 83, a second XY deflector is additionally

provi ded attdhpSr#Osié i DitSOadSolk e ZRadyitigdengr dagireg b&Nge Wi t hout
havi ng to nove the workpi ece. 30 | NDUSTRI AL APPLI CABILITY I n accordance
with the présestioraehénon, Fhbeher arehiy owtiedl afusabiglingaser |iquid
crystal marker and method of judging deterioration of liquid crystal in
whi ch the apetecidraniom| isgeas sis@appatdrdd from fdeubbmdraren
correspondence with the degree of deterioration of the liquid crystal,
wher eby a heopsteyetion pehemamicakkvrshoprcdm Faomidnt aprédcabde the tine
for replacenment_of the liguid crystal can be determ ned; further, even in
t he case the laser liquid crystal markers of the present invention

described above. Further, it is also applicable to ordinary

laser liquid crystal markers as long as they use a

transmission-type liquid crystal 2.

. The laser liquid crystal markers to which the present

invention are applicable are not limited to the types of

laser liquid crystal markers as shown in the above

embodiments but are applicable to other types of laser

liquid crystal markers. There is naturally no limitation

regarding the type of lens, the mounting position thereof,

etc. Further, instead of the XY deflectors in the above—-

described constructions (See Fig. 1) (That is, scanning can

be done away with), it is possible to adopt, for example, a

system in which a laser beam Ll is collectively applied from

the laser oscillator 1 to the entire pattern of the iiqﬁid

crystal 2 through a magnifying lens, or a system in whzah,

instead of the reflecting mirror 83, a second XY deflector

is additionally provided at this position so as to realize a

wide printing range without having to move the workpiece.



of a continuous high-speed printing, a high-level of printing accuracy can
beé® nui nt ai ned. 31 WHAT IS CLAIMED IS: 1. Alaser liquid crystal marker
at |least conprising:~a laser oscillator, a liquid crystal for arbitrarily
di splaying a pattern, and a controller connected to said liquid crystal and
adapted to control an applied voltage Vi ofothe liquid crystal for
di splaying said pattern, a |laser beamemtted fromsaid | aser oscillator
and transmtted through said liquid crystal being applied to the surface of
a workpiece to thereby print said pattern on the surface of said workpiece,
wherein connected.to said controller are a tenperature sensor for detecting
a liquid crystal tenperature Ti j 1111 ar or applying light to
said liquid crystal, and |ight Fgéggeﬁﬁgﬁzéééé?# Ilﬁégéiving t he
light.transmtted r L.l euid V. £l i optroller
stores in advance thc?)’_r %%I%g’ ?%hgghg??étte% g%%%eﬁ?&%%%lgdncﬁ%§ dxé
appl i cation vlh3gsd'adde khdNialE ANBIH AGES AT W ddotiidlor
t emper at ur es In a normal [1quid cryst as paraneters, and, input to'the
control | er argyagihg' adtakigPadientof V1 Quid HilyRhieqi ted i age sai d |ight
emtting meanS and a transmtted quantity of |light R2 received by said
l'ight receivi agpTgaasiohh@oleabé ols ot Sl iftr adiuGtimdatansri ttance Q
fromthe quantity of light RL and the quantity of |ight R2, and,
correspondence with the degree of deterioration of the

liquid crystal, whereby a high level of printing accuracy
can be maintained, and the time for replacement of the
liquid crystal can be determined; further, even in the case
of a continuous high-speed printing, a high-level of

printing accuracy can be maintained.



further, extracting fromsaid correlation characteristics P an optinmm

|i ght transnlttance Qo corresponding to the 32 applied voltage Vi of the
liquid crystal at the time of the above cal culation and the:liquid crystal
tenperature Ti supplied fromsaid tenperature sensor, adjusting said
applied voltage Vi of the liquid crystal so that said |light transmttance
Q becones equal to said optinumlight t¥ansmittance Qo. 2. A laser liquid
crystal marker according to Claim1l, wherein said controller stores in
advance correlation characteristics P of liquid crystal application voltage
V and ligdht transmttance Qusing liquid crystal tenperatures T in a nornal
liquid crystal as paraneters, and, input to the cenftroller "are.an

irradiation quantity of |ight Rizgmt sakd light emtting neans and
a transmtted quantity of |ight ré%gggb 9@? §§|d |'ight receiving neans,

the controller cal cuhatphggralibl ELpoed thaNES Qe fYBd Reorpeididy: of
light RL and the quantity gf ?g ht FQﬁgind further, extracting fromsaid

correl ati onachakaet 85£811860F, a8 Dp@iwr&irygml tfro&nsm;ttaﬂngo
corresponding to the applied voltage Vi of the liquid crystal at the tinme

of the abovaisplauliagi anpattiethe andua deaityrxidled enpereattad th saipl i ed
fromsaid tenperature sensor, adjusting said applied voltage Vi of the
liquid crystabuid thastsai sndi ghiaptednsei comnoel Gn Fardiies arpidiage Eai d
optlnun1I|92; the liquid crystal for displaying said pattern, a laser
beam emitted from said laser oscillator and transmitted
through said liquid crystal'béing'applied to the surface of
a workpieée to thereby print said pattern on the surface of
said workpiéce, wherein connected tp said controller are a
temperature sénsor for detecting.a liquid crystal
temperature Ti, light emitting means for applying light to
said liquid crystal, and light receiving means for receiving
_the light transmitted through said liquid'crystal, and
wherein said controller stores in advance correlation
characteristics P of liquid cfystal application voltages V
and light transmittances Q using liquid crystal temperatures
T in a normal liquid crystal as parameters, and, input to
thg controiler are an irradiation quantity of light gl
emitted from. said light emitting means and a transmitted
quantity of light R2 received by said light receiving means,
the controller calculating a light transmittance Qi from the
quantity of light R1 and the quantity of light 32, ahd,

further, éxtracting from said cprrelation characteristics P

an optimum light transmittance Qo corresponding to the

O ) AR



transmttance Qo, and wherein, when the light transmttance 33 Q does
not beconme equal to the optimumlight transmttance Q even by adjusting
the applied voltage Vit of the liquid crystal, said controller outputs a
message to the effect that said liquid crystal has deteriorated. 3. A laser
liquid crystal marker at |east conprising, a |aser oscillator, a liquid
crystal for arbitrarily displaying a pattern, and a controller connected to
said liquid crystal and adapted to control an applied voltage Vi of the
l'iquid crystal for displaying said pattern, a |laser beamentted fromsaid
| aser oscillator-and transmtted through said liquid crystal being applied
to the surface of a workpiece to thereby pri nt said pattern on the surface
of said wor lgprligd welktegs Comkedhed Ltigusid d;r(ysmadohtetharélmﬁghf thetting
nmeans for applying light to said. liquid crystal and |Iight receiving nmeans
for receivi mpPeYe ¢akgulationmnd dde Hiewgs savetelqtrEPergsEEe, Tand
wherein-said controller.stores in advance a reference val ue So,and, I nput

][O Lhe cont r¥fpRtied ef%f;f“ﬁal"éﬁltﬁ“lﬁfﬁ:a&d‘é:rﬁ iSERSEE | PQEP:F&nﬂmsﬁ'ﬁd f&olr)n sai d
safd 1 ight el by sl HOLme iﬁ%&l@c&%&%&& knt, SEERoL6hF e S

t her eof , adj ustl | the volecgagéaec\émeaso (1 %dSI%Ie% L ggglgm Fxg}lgo so that

e a
sai d detectiomva ones equal quo S
transmittance Qo.

2. A laser liquid crystal marker accoraing to Claim 1,
wherein said controller stores in advanée corre;ation
characteristics P of liquid crystal application wvoltage V
and light transmittance Q using liquid crﬁstal temperatures
T in a normal liquid cfystal as parameters, and, input to
the controllér are an ir?adiation quantity of light R1
emitted from said light emitting means and a transmitted
quantity of-%ight R2 received by said light receiving means,
the controller calculating a light transmittance Qi from the
quantity of light Rl and the quantity of light R2, and,
further, extracting from said correlation characteristics P
an optimum light transmittance Qo corresponding to the

+ applied voltage Vi of the liquid crystal at the tiﬁe of fhe
above calculation and the liquid crystal temperature Ti_ i
supplied from said temperature sensor, adjustiné said
applied voltage'Vi of the liquid crystal so that said light

transmittance Qi becomes equal to said optimum light

transmittance Qo, and wherein, when the light transmittance

AR O R



34 4. Alaser liquid crystal marker according to Claim3, wherein said
controller stores in advance a reference value So and an application

vol tage threshold val de Vm and inputs an irradiation quantity of light Rl
emtted fromsaid light emtting neans amgg a transmtted quantity of |ight
R2 received by said light receiving neans to calculate a detection value S
thereof, adjusting the voltage Vi applied to said |liquid crystal so that
sai d detection value Si becones equal to said reference value So, and
wherein, when said voltage Vi applied to the liquid crystal is in excess of
the application voltage threshold value Vm said controller outputs a

war ni ng. 5. X 19REF PG RIEWY GBI Irdrk &b PPEERNM LdAPFi SFRGSTETa8ER
oscillator, liquid crystal for arbitrarily displaying tter,n, .and a
control | er c@?m ‘g?'ég&f ogl‘i%l‘ﬁf"f’f%ﬁ%t? cafgfgtlfldyé' &%Sggptk’g'dogogggnt I’lgiu;l%n
applied volt V] , of Laui & crystal fqr _displaying_.sai n, a -
| aser beam e‘r%‘gf?%%l‘f r%%%a%%og'ej?e%soéuﬁlqugt of 3‘%%5?‘%&2% ?Pgd%?%re%l%gh sai d
liquid cryst el a ' gﬂﬁ | . rikpi ece to thereby print
said patter n%%ptiﬁg%u:??g%%&lo#&sal V\% g%ggglo\?\:ﬁ\gr%gi'n, connected to ‘said
controller are light emtting nmeans and |ight receiving nmeans, wherein a

voltage is applied to said liquid crystal fromsaid
3. A laser liquid crystal marker at least comprising:

a laser oscillator, a liquid crystal for arbitrarily
displaying a pattern, and a controller connected to said
llquid crystal and adapted to control an applied voltage Vi
of the liquid crystal for displaying said pattern, a laser
beam emitted from said laser oscillator and transmitted
through said liquid crystal being applied fo the surface of
a workpiece to thereby print said pattern on the surface of
said workpiece, wherein, connected to said controller are
light emitting means for applying light to said. liquid
crystal and iight receiving means for rece}ving the light
transmitted through said liquid crystal, and wherein said
controller. stores in advance a reference value So and, inpuf
to the controller are an irradiation quantity of light R1
emitted from said light emitting means and é transmitted
quéntity of light R2 received by said light receiving means,
the controller calculating a detection value Si thereof,
adjusting the voltage Vi applied to said liquid crystal so
that said detection value Si becomes equal to said reference

value So.
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35 ¢gontroller to successively effect rewite display of various stil

I mges for marking and di splay, as needed, a still imge for testing, said
light emtting neans projecting light onto said still inage for testing,
saitl light receiving neans receiving the3fight transmtted through said
still image for testing, and wherein said controller stores in advance an

optimum light transmttance Qo, effects interrupt display of said stil

i mage for testing during at | east one of the rewite procedures for sdid
still images for marking, -inputs, -during said.interrupt display, a.
transmtted quantity of light R2 fromsaid |ight receiving neans, and
calculates the light transmttance Q of said liquid crystal from said

transmtted quantg ty a0fialsleghti igaiandriBeal r nadkat | bct@Nd téo b 141ahs, Rl
of said light emtting neans, adjusting the voltage Vi applied to said
l'iquid crystakreant Batdsabdtirbghtrt s8068% t iRNE@vaRcd el arete wsied talwai d
optimum |light transmttance Qo. 6. A laser liquid crystal marker according
to O ai m5, sechandi ansapgldcatiohl eolsage eshiaskoldmeelwn Optamd mipuths
transmttance Qo, first effects display of said still image for testing
during at | eastirgadietiocmeqrentity pfotight eRl femittad Srdm |saihghbbalitr
mar ki ng, then effects interrupt of repetition of equalization in electric
potential oPmittipgemegdfoAndnd SERRAERItERA ngPRAREity i INGHFY crystal
I nput s,
p. received by said light receiving means to calculate a
detection value Si thereof, adjusting the voltage Vi applied
to said liquid crystal so that said detection value Si
‘becomes equal to said reference value So, and wherein, when
.said voltage Vi applied to the liquid crystal is in excess
of the application voltage threshold value Vm, said

controller outputs a warning.

5. A laser ligquid crystal marker at least comprising:
a laser oscillator, a liquid crystal for arbitrarily
displaying a pattern, and a controller connected to said
liquid crystal and adapted to control an applied voltage Vi
of the liquid crystal for displaying said pattern, a laser
beam emitted from said laser oscillator and transmitfed ~
through said liquid crystal being applied to the surface of
a workpiece to thereby print said pattern on the surface of
said wdrkpiece, wherein, connected to said controller are
light emitting means and light receiving means, wherein a

voltage is applied to said liquid crystal from said

R



36 during said interrupt, a transmtted quantity of light R2 fromsaid

| i ght receiving neans, and calculates the light transmttance Q of said
liquid crystal fromsaid transmitted quantity of light R2 and the
irradiation quantity of light Rl of said3pight emtting means, adjusting
the voltage Vi applied to said liquid crystal so that said |ight
transmttance Q becones equal to said optinumlight transmttance Q. 7. A
met hod for "judging deterioration of liquid crystal for use in a | aser
liquid crystal marker which is equi pped with -a liquid crystal for

arbitrarily dintlcanie’d ta BakkeseisalyWaEeBcBPRLISLa HHSFTaPesn Bl 1w
froma laser oscillator and transmtted through said |iquid crystal to the

surface of aviikdraeest dorhamaekingr antl afsglaglt 86 Mmeadéde swdfore of said
wor kpi ece, wherein-said liquid crystal is irradiated with'light in an

i rradi ati on ionaayet ifior dlestight Réidaddghheenintingraesns tposiepaingty of
light R2 fromsaid liquid crystal is detected to calculate a |ight
transm tt anddalit sated seidssttd lilr imapat fon geahihgy 82id|kah®R1 and said
transmtted quantity of light R2, the degree of deterioration of said
liqui d crystraceISing Me3ged TeC8AVERangBs Wightt Frenenikied thypuoh said
transnittance.?. . e Ny .

still image for testing, and wherein said controller stores
in advance an optimum light transmittance Qo, effects
interrupt display of said still image for testing during at
least one of the'reﬁrite procedures for said still images

for marking, inputs, during said interrupt display, a
transmitted quantity of light R2 from said light receiving
means, and calculates the light transmittance Qi of said
liquid crystal from said transmitted_éuantity'of liéht R2

and the irradiation quantity of light R1 of. said light
emitting means, adjusting the voltage Vi applied to said

liquid crystal so that said light.transmittance Qi becomes

equal to said optimum light transmittance Qo.

6. A laser liquid crystal marker according to Claim 5,
whéfein said controller stores in advance an optimﬁm‘iight
transmittance Qo, first effects display of said still iﬁage
for testing during at least one of the rewrite procedures !
for said still images for marking, then effects interrupt of
repetition of equalization in electric potential of all the

common and segment terminals of said liquid crystal, inputs,

R RO
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during said intérrupt, a transmicted éuén£ity of'iidht R2
from said light receiving means, and calculates the light
transmittance Qi of said liquié crystal from said
transmitted quantity of light R2 and the irradiation
quantity of light Rl of said light emitting means, adjusting
the voltage Vi applied to said liguid crystal so that said
light transmittance Qi becoﬁes equal to said optimum light

transmittcance Qo.

7. A method for judging deterioration of liquid
crystal for use in a laser liguid crystal marker which is
equipped with a liquid crystal for arbitrarily displaying a
pattern and which applies a léser beam emitted from a laser
oscillator and transmitted through said liquid crystal to
the surface of a workpiece to thereby print said pattern on
the surface 6f said workpiece, wherein said liquid crystal
is irradiated with light in an irradiation quan£ity of light
R1l, and wherein a transmitted quantity of light R2 from said
liquid crystal is detected to calculate a light .
transmittance Qi based on said irradiatién quantity of light
Rl and said trénsmitted quantity of light R2, the degree of

deterioration of said liquid crystal being judged from

changes with time of said light transmittance Qi.
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