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IITLE:

“METHOD OF AND APPARATUS FOR MEASURING A TENSION OF GRID ELEMENT"

BACKGROUND OF THE INVENTION

Field of the Invention
The present invention generally relates ~to methods for

measuring a tension strength and, more particularly, is directed to

a method of and apparatus for measuring a tension of a '

rectahgular-shaped measured object such as a grid element

constructing a color selecting electrode of a cathode ray tube.

Description of the Related Art

Generelly,*in the process for assembling the color selecting
electrode of a cethode_ray tube, in order to control the quality of
the color selecting eiectrode, efc., a tension of the grid element
constructing the grid assembly is measured after the grid assembly
is stretched to the frame of the color selecting electrode.

In a method of measuring a tension according to the prior art,
the color selecﬁing electrode is held on ; vibrator table. Then,
the gfid element_of-the color selecting elecfrode held on the
wibrator table is vibrated by a vibrator, the frequency of which
can be freeiy selected and a resonance point produced on tﬁe grid
element in the course of the vibration of the grid element is
checked visually. During this process, when a resonance point
appears, for example, at the center of the grid eleﬁent, the
frequency of vibration is read out and the thus readout frequency
is determined as the tension of the grid element. Then, by using
the user terminal or the like, the read-out value (frequency) of

such measured tension is input to the host computer to control the
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quality of the color selecting electrode or the 1like in the
manufacturing process of a cathode ray tube.

The above conventional tension measuring method, however,
relies on manual control and input in its process, such as when the
resonance point is visually confirmed by an operator and when the
value of the read-out frequency of the vibrator is input to the
h;;t computer through the user terminal. There are theh the
disadvantages that the process wﬁich relies on a human operatof in
the manufacturing process of the cathode ray tube cannot be
simplified and that the cost bf the manufactﬁring process of the

cathode ray tube can not be reduced as is desired.

OBJECTS AND SUMMARY OF THE INVENTION

Accordiﬁ;iy, it is an object of the present invention to
provide a method of and apparatus for measuring a tension of grid
element in which the aforementioned shortcomiqgs and disadvantages
encountered with the prior art can be eliminated.

More specifically, it is an object of the present invention to
provide a method of and apparatus for measuring tension of a grid
element in which a tension of a measured object can be measured
:fully'automatically with ease. -

Another object of the present invention is to provide a method
of and apparatus for measuring a tension of grid in which the
process for manufacturing a cathode ray tubé in a manudl fashion
can.be considerably simplified, such as when a measured ohject is
a griad element constructing a color selecting electrode of a
cathode ray tube. _

A further object of the present.invention is to providg a
method of and apparatus for measuring a tension of grid in which

the cost of a manufacturihg process can be reduced if the present
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invention is applied to the manufacturing process of a cathode ray

tube.

As a first aspect of the present invention, a method of
measuring a tension of a grid element is comprised of the steps of
vibrating the grid element stretched to a color selecting
electrode frame of a color cathode ray tube by the flow of air from
an air nozzle, detecting the change of diéplacement amount of the
grid element in the vibration as a waveform signal by the radiation
of a laser light emitted from a véry small distance measuring
device (hereinafter simply referred to as a sensor), feeding the
wavefofm- signal back to an electropneumaﬁic régulatdr coupled to
the air nozzle to thereby blow air against the grid element from
the air nozzle with a controlled correspondlng air pressure of air
from the air ‘t':;zzle, repeating the steps 59 as to present the
condition such that the displacement amount is not substantially
changed (i.e., resonance state), and measuring a frequency of the
grid elément piaced in the resonance state per second by using the
sensor to thereby obtain a resonance frequ-ency a'.n.d a tension of the

grid element.

According to a second aspect of the present invention, a

_tension measuring apparatus has an air nozzle, an electropneumatic

regulator coupled to the air nozzle for controlling an air pressure
of the air nozzle, a very small disi;ance measuring device (sensor)
composed of a Jlaser light radiation transmitting upit and a
receiving unit for receiving a reflected laser 1light and .a;
frequency-converting unit having a functic;n to calculate an&
control a resonance frequency on the basis of ' a sign.al from the
sensor. The apparatus is co;npr.ised-of a unit having two slide

mechanisms on which at least the air nozzle and the sensor are

'l'.mitarily attached, wherein the unit can be slidably moved in the

X and y directions by the two slide mechanisms. The receiving unit

3



v

. crnaay

‘This Sheet Hag Been

LT I!l i

|

of the sensor is located with an inclination angle from a measuring
surface of a measured object relative to the vertical direction.
The eleétropneumatié regulator changes.an air pressure in response
to a feedback signal from the sensor to allow the air nozzle to
vibrate'the-measured object by the blow of air until the feedback
signal from the sensor becomes  constant (the measured object is
resonated), and the frequency-converting unit calculates, records
and converts, if necessary, a resonance fréquency into a tension in

response to the feedback signal from the sensor.

BRIEF DESCRIPTION OF THE DRAWINGS

A .better understanding of other objects, féatu;es, and
advantages of the present invention will be 'gained from the
following deé;;led description of an illustrative embodiment
thereof to be read in‘éonjuﬁction with the Accompanying drawings,
in which:

FIG. 1 is a schematic diagram.used to explain a principle of
a method for.measuring a tension according to an embodimeat of the

present invention;

FIG. 2 is a schematic diagram used to explain an example such

that the tension measuring method according to the embodiment of

the present invention is applied to grid elements constituting a
color selecting electrode of a cathode ray tube;

FIG. 3 shows a front view of a first measuring unit
accord1ng the embodlment of tl.e present invention:;

FIG. 4 shows a fragmentary plan view of the first measuring
unit of FIG. 3; |

FIG. 5 shows a cross-sectional side view of the first

measuring unit of FIG. 3;.
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FIG. 6, which is formed of FIGS. 6A and 6B drawn on two
sheets of drawings so as to permit the use of a suitably large
scale, is a block diagram showing a signal processing circuit for
obtaining a résonance frequency according to the.embodiment_of
the present invention; ' )

FIG. 7 shows a characteristic graph of input and output
characteristics of. an inverting amplifier according to the

embodiment of the present invention:

FIG. 8 shows a characteristic graph of input and output

' characteristics of an electropneumatic regulatcr according to the

" present invention;

FIG. 9 is a schematic diagram used to éxplain otﬁer action of
a first slide mechanism according to the embodiment of the present
iﬁvention; -

FIG. 10 shows a front view.of a second measuring unit
according éo the embodiment of the present invention; and

FIG. 11 shows a side view of the second measuring unit of FIG.

l10.

DETAILED DESCRIPTION oi' THE PREFERRED EMBODIMENT

.An embodiment of the present invention will now be described
with reference to FIéS. 1 through 11.

FIG. 1 shows a princible of the method of measuring a tension
according to the embodiment of the present invention.

According to this method of tﬁe present invention, as shown in
FIG. 1, a measured oﬁject 1 of a belt configuration stretched in
the longitudinal direction is vibrated by the flow of air from an

air nozzle 2 until it is resonated. Then, a displacement amount d

of a measuring point a on the measured object 1 to a displaced

measuring point a' due to the resonance vibration is measured by
means of, for example, the radiation of a laser beam emitted from

5
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a very small distance measuring device 3. The thus measured
displacement amount. 4 is frequency-converted to calculate a
resonance frequency and the calculated resonance frequency is
identified as the tension of the measured object 1.

We can identify the resonance frequency as the tension of
the measured object on the basis of the following background. That
is, as is clear from, for example, the equation of the string

transverse vibration expressed as:

Sg
Y

cee (1)

f (resonance frequenc, =%

where ¢ is the length of sﬁring, S the tension, ¥ the.weight per
unit length ofaithe string, g thé acceleration of gravity and n the
order of vibration. The resonance frequency and the tension are
proportional to each other. Therefore, it is to be noted that the
tension may be expressed as the resonance frequency so long as a
resonance frequency of a réference tension is known.

Referring to FIG. 2 and the following drawings, the method of
measuring a tension according to the embodiment of the éresent
invention will be describea, wherein the present invention is
'applied to the~cése such that the tension of the grid assembly
stretched to fhe color selecting electrode of the cathode ray tube,
more precisely, the tension of the grid elemeﬁt constructing the
grid assembly is measured. '

According fo the ﬁethod of measuring a tension of this
embodiment, as shown in FIG. 2, a tension of a grid element 1la at
the central portion of a grid assehbly 5 stretched to a color

selecting electrode frame 4 and a tension of grid elements 1b at

the respective two ends of the grid assembly 5 in the longitudinal
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direction are measured. Measuring units 6a and 6b, 6b are
respectively located at these measuring places.
More specifically, a first measuring unit 6a for measuring a

tension of the grid element la provided at the central portion of

the grid assembly 5 is located at the rear side of the central

portion of the grid eiement la. Also, second measuring units 6b for
measuring a tension of the grid elements la, 1b provided at
the respective ends of the qfid assembly 5 in the longitudinal
direction are respectively located at the surface sides of the
central portion of the grid elements 1b.

Arrangements and operation of the firsﬁ and second measuring

units.Sa and 6b will be described with referencg to FIGS. 3
through 11. ,

The first measuring unit 6a will be described first. As
shown in FIG. 3, the first measuriﬁg unit 6a is composed of a
first slide meﬁhanism 11 and a second slide mechanism 12.

The first slide mechanism 11 is comprised of a slide plate 16
slidably attached to two rails 15a, 15b secured to a side plate

14 by some suitable means such as screws or the like. The .side

plate ;4 is attached to a base table 13 in the vertical'direction.

and a first slidable plate 18 rotataSly attached to the the

sliding plate 16 by means of a link mechanism 17. The above slide
plate 16 is slid;bly moved along the rails 15a, 15b in the
direction_shown by an arrow x in FIG. 3 by a feed screw mechanism
22 formed of an external or male thread 20 (wﬁose longitudinal
direction is extended in the x direction in FIG. 3) attached to a

speed reduction rotating mechanism 19 and a nut 21 meshed with

the external:thread 20 and which is fastened to the slide plate

16 by some suitable means such as screws or the like.
As shown in FIG. 4, the speed reduction rotating mechanism
19 is composed of a drive motor 23, a drive pulley 24 secured to

7
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the top of the rotary shaft of the drive motor 23 and a follow-up

_pulley 25 secured to.the top of the external thread 20. The speéd

reduction rotating mechanism 19 serves to rotate the external
thread 20 by transmitting the rotation of the drive pulley 24 to
the follow-up pulley 25 via a bélt 26 (shown by a two-dot chain
line). The rotation of the external thread 20 urges the nut 21 to
be moved in the axial direction of the external thread 20,
thereby slidably moving the sliding plate 16 in the x direction
in FIG. 3. : .
fhe link mechanism 17 is constructed by coupling a nut 28
rotatably attached to the sliding plate 16 by a shaft 27 and a

nut 30 rotatably attached to the first slidable plate 18 by a

‘'shaft 29 by means of a bite joint 31, whereby the first slidable

dmgle
plate 18 is made freely rotatable with respect to the shafts 27

and 29.

Also, this first slidable plate 18 is allowed to freely
slide along two curvature rails 32a, 32b secured to the side
plate 14 by some suitable means suéh as screws or the like. More
specificaliy, a curvature plane 33a formed on the upper surface

portion of the first curvature rail 32a is brought in contact

. with grooves of V-letter configuratiohs of two rotating plates 34

attached to the first slidable plate 18; and a curvature plane
33b formed on the lower surface portion of the second curvature
rail 32b is brought in contact with a groove of V-letter
configuration of one rbtating plate 35 attached to the first
slidable plate 18 (see fIG. 5), whereby the first $1idabIe plate
18 become freely slidabie with respect to the first and sgcond
curvature rails 32a, 32b. . '

Particulérly; since the rotating plate 35 is constantly
spring-biased in the uﬁper direction by means of a spring 36 and
a cylinder 37, the first curﬁature raii 32a is pushed downward by

8
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the two rotating plates 34, while the second curvature rail 32b
is pushed upward by the rotating plate 35. The éurvature planes
33a and 33b of the first and second éurvature rails 32a and 32b
are both substantially the same in radius of curvature and this
radius of curvature is substantially the same as that of the grid

assembiy 5.

Thus, when the sliding plate is of the first sliding

" mechanism 11 is slidably moved in the x direction in FIG. 3, then

the first slidable plate 18 is slidably moved in the x direction
while being moved up and down along the curvatures of the .
curvature rails 32a and 32b by a very small amount.

In FIGS. 3.to 5, reference numerals 38, 39 depict roller
bearings which also serve to support fhe external thread 20
relative to éﬂ: side plate 14.

The secsnd slide mechanism 12 includes a second slidable
plate 42 which is slidably attached to 'a rail 41 (see FIG. 5)
attached to the first slida?le plate ia. The second slidable

plate 42 is slidabiy moved in the y direction in FIG. 3 by heaps

of a feed screw mechanism 47 which is composed of an external or '

male thread 45 coupled to the rotating shaft of a drive motor 43

. secured to the first slidable plate 18 by screws or the like and

a nut 46 secured to the second slidable plate 42 by screws or the
like. In FIG. S, refereﬁce numeral 48 depicts a roll bearing
which serves to support the external thread 45 to the first
slidable plate 18.

In the first measuring unit 6a according to the embodiment

of the present invention, a tension measuring device 50 is

~ provided on the upper portion of the second slidable plate 42,

that is, the tension measuring device 50 is mounted on an L-

shaped plate 49 secured to the second slidable plate 42 by screws
or the like.
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As shown in FIG. 5, the tension measuring device 50 is
comprised of a contactless switch 51, an air-nozzle 52 and a very
small distance measurin§ devic;.or sensor S$3 for measuring é
distance by the radiation of a laser iight. The sensor 53 is _
composed of a transmitting unit S3a and a receiving unit 53b. In
the layout of the contactless switch 51, the air nozzle 52 and
the sensor 53, these elements are disposed in this sequential
order and the transmitting unit 53a of the sensor 53 is locatéd
at the outermost positién (in the right end of FIG. 5). _
Particularly, the receiving unit 53b of the sensor.53 is disposed
above the'transmitting unit S53a so as to have an inclination of
an angle € (= about 30 degrees) relative to the horizontal as
shown in FIG. 5. |

' When a té;;ion of the central porﬁion of the central grid
element la of the grid assembly 5 stretched in tﬁe color
selecting electrode is measured by using the first measuring unit
6a, the first élidable_plate 18 is slidably moved in the x
direction by the first sliding mechanism 11 to-thereby locate the
tension measuring device 50 at the central portion of the rear
surface of the grid element -la. Then, the second slidable member
42 is slidably moved in the upper direction to prinq the tension
measuring device 50 near the'grid element la. When the distance n.
between the transmitting unit 53a of the sensor 53 and the grid
element la reaches about 46 mm, then the contactless switch 51 is
energized (e.g., turned on) to stop the operation of the second
sliding mechanism 12. .

Then, the grid element la is vibrated by the flow of air
from the air .nozzle 52 and the grid element la is thereby
vibrated and then resonated. The change of the displacenment
. amount 4 (see FIG. 1} at the measuring point a of the grid
element la due to the resonance of the grid element 1la is

10
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measured by the sensor 53, and this change of the displacement
amount 4@ is converted into a frequency (resonance frequency) by a
signal processing system of the succeeding stage.

Referring to FIGS. 6A and 6B (drawn on two sheets of
drawings so as to ﬁermit the use ef a suitably large scale),
these figures describe the signal processing in which the grid
element la is resonated and its resultant resonance frequency is
obtained.

As described above, referring to FIG. 6, when the
contactless switch 51 (see FIG. 5) is turned on, a laser
generator 61 is energiied by a power supply circuit 60 and a
pulse laser light is emitted from the transmitting unit 53a
through the laser generator 61. At that time, a gate circuit 62
on the receiv;;g unit 53b 51de is opened by a start pulse Ps from
the laser generator 61. Thereafter, the 1aser light reflected on
the measuring point a on the grid element la becomes incident on
the receiving unit 53b and enters a detector 63. This received
pulse is amplified by the detector 63 as a stop pulée Pe to close
the gate cireuit 62. Then, the number of clock pulses Pc from the
clock generator 65, wnich are counted by a eounter 64 during the
. perioﬁ which gate circuit 62 is opened, is converted into, .for
example, a voltage by a digital-to-analog (D/A) converter:66. At
that time, since the grid element l1la is not yet subjected te the
flow of air, the D/A converter 66 derives only the DC component
indicative of the &istance between the transmitting unit 53a and
the receiving unit 5$3b in which the measuring point a on the grid
element la before being vibrated is taken as an intermediate
point. This DC component is removed by a coupling capacitor C and
zero level is supplied through an amplifier 67, a contact b and a
rectifying circuit 68 to an inverting amplifier 69. This
inverting amplifier 69 has input and output characteristics shown

11
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in FIG. 7 so that, when the input voltage Vin from the rectifying
circuit 68 is at zero level, then its output voltage Vout is
ma#imized and that, when the input voltage Vin is high' in
amplitude, the smaller its output voltage Vout becomes. In this
case, since the input voltage Vin is at zexo level, then the
maximnumn éutput voltage Vout is prbduced from ihe inverting
-ampiifier 69 and supplied to the electropneumatic regulator 70 of
the next séage. .

This_électropneumatic regulator 70 is adapted to adjust the
pressure of air from the air_nozzle 52 such that the above
pressure becomes proportional to the output voltage Vout of the
inverting amplifier 69. A relation between fhe input voltage Vin
to the inverEi?g amplifier 69 from the fecfifying circuit 68 and
the output (;;r pressure) from the electrobneumatic regulator 70
becomgs_substantially the same as the input and output
characteristics of the inverting amplifier 69 of FIG. i (see FIG.
8).

In the above embodiméht, since the maximuﬁ voltage Vout from
the inverting amplifier 69 is input to the'electropneumatic.

" regulator 70, air of maximum pressure is produced froﬁ the air
.noéz}e 52 and blown to the grid element la, causing the grid
element la to be v;brated.

The laser light is emitted from the transmitting unit 53a
intermittently at the very short output timing so that, when the
grid element la is vibrated and its measuring point a is
displaced in the vertical direction, then the change of the
displacement amount d of the measuring point a is output from the
D/A converter «66 as a waveform signal Sv. This waveform signal.Sv
is supplied to the coupling capacitor C, in which it is removed
in DC component and then amplifiéd by the amplifier 67. The thus
amplified waveform signal S is supplied through the con;acf b to

T 12
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the above.rectifying circuit 68 and a frequency converting unit
71 which will be described 1ate£.

The waveform signal S supplied to the rectifying circuit 68
is converted into a DC signal (input voltage) Vin and then fed to
the inverting am?lifier 69, from which there is derived an output
voltage Vout corresponding to the input and output
characterlstics of FIG. 7. This output voltage Vout is supplied
to the electropneumatic reqgulator 70 which supplies an air
pressure corresponding to the output voltage Vout to the grid
element la by means of the air nozzle 52.

The feedback control from the sensor 53 to the
electropneumatic.regulator 70 is employed to resonate the grid
element 1la. Thsp is, the vibration of the grid element la is
unstable until if is resonated so that, if the grid element la is
vibrated with a large amplitude, the air pressure i§ reduced,
while if the grid element 1la is vibrated with a small amplitude,
the air pressure is increased, whereby the grid elemgnt la is
resonated finally. When the grid element la isiresonated,-then
the peak of the wéveform.signal S becomes constant, that is, the -
amplitudé of thé DC sigﬁal (input voltage) Vin from the
'.recéifying.circuit 68 becomes constant and also the aif_preésure
from the air nczzie 52 becomes.gonstant.

The frequency converting unit 71 is composed of a peak
detecting circuit 72 which detects the beak of the waveform
signal S supplied from the amplifier 67, and a counter 73 which
counts the number of such peaks. An example of operation of the .
frequency converting unit 71 will be described. When the grid
element la is Vvibrated by the air pfessure and the waveform
signal S generated by the vibration of the grid element la is
supplied to the peak detectinq circuit 72, then the peak
detecting circuit 72 detects the first peak and simultaneously,

13
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supplies a set pulse P to a timer 74. The timer 74 supplies.an
intérrupt sign#l Po to a control unit 75 with the lapse of time of,
for example, 1 second after the set pulse P is input.

The control unit 75 reads out the number of peaks counted by
the counter 73 during one second on the basis of the interrupt
signal Po and stores the same in a first array variable region
76a within a memory 76 and also resets the counter 73. More
preferably, the control unit 75 transmits a set pulse iﬁput
standby instructioﬁ d to the timer 74 as an intef-lock means.
Then, the timer 74 is placed in the set pulse input standby state
from the.peak detecting circuit 72 on the basis of the
instruction d.

By répea%ing a series of the above operation three times,
that is, aftér'the elapse of three seconds, the number of peaks
of the waveform signal S supplied from the amplifier 67 per
second each ié stored in the first to third array variable
fegions 76a to 76c within the memory 76.

Theh, a calculating unit 77 calculates and compares number

data of the respective array variable regions 76a to 76c. If the

numbe; data are substantially the same, for example, if the

. number data are the same or different only in 1 to 3, then it is

determined that Ehe grid element la is resonated, and the average
value of, for example, three number data is selected as a '
resonance frequency f. If the grid element la is not resonated,
the number data are considerably different. Accordingly, it can
easily determine by the above calculation method in the
calculating unit 77 whether or not the grid element la is

resonated. .

14
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In oxrder to determine with_higher accuracy whether or not
the grid element la is resonated, a clock generator circuit 78 is
connected, for example, to the counter 73 and the number of clock
pulses Pc between the peaks is counted by the counter 73. In this
case, if the numbers of clock pulses Pc between‘the peaks are
substantially the same and if the numbers of the peaks are
substantially the same, tﬁen it may be determined that the grid
elenent la as resonated. .

The resonance frequency f calculated in the frequency
conyerting unit 71 is supplied to the calculating unit 77, in
which it is-determined whether or not it is_inco;fecﬁ data. If
it is the incorrect data, then a message indicative of incorrect
data is displayed on a monitor screen (not shown) or an alarm’
sound is eman;;ed from- a speaker (not shown) of a computer whlch
concentratedly_admlnlsters the manufacturing process of the
cathode ray tube in a central supervisory room ox the like such
that the operator may realize the occurrence of fhe incorrect
data. In this case, the color selecting electrode so recognized
as a failure must be assembled one more time or. discarded. If on
the other hand it is determined that the resonance frequency f is

. correct da@a, then sucﬁ correct data is reéistered in a memory
"(administration data file) of thé_ccmputer as one of quality data
of the color selecting electfode, which becomes one of the
elements for quality control and history control.

If the measuring point of the tension measuring device 50 is
displaced from the measuring point a on the qfid element la by
about half pitch-when the first slidable plate 18 is slidably
moved by the first slide mechanism 11, then the grid element la
to be measured cannot be resonated because wmost of the air

escapes from a slit 81 between the grid“elements la, even though

15
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the tension measuring device 50 is located near: the grid element
. 1a to measure the tension of the grid element la.

To remove the above'§efect$, in this embodiment, the number
in which the calculating unit 77 ?erforms the calgulafion to
obtain the above resonance frequéncy f is limited. For example,
if the resonance frequency f is not obtained even.by the
calculation of 10 to 20 times, then it is determined that the
measuring point of the tension measuring device 50 is displaced
from the above measuring point a in the grid element la by half
pitch, and a drive pulse Pm is supplied from the control: unit 75 .
to the drive motor 23. _

The drive motor 23 is driven in response to the input of the
drive pulse Pm to thereby slide the first slidable plate 18 by
half pitch inuzge left and right direction (in the direction
shown by an arrow L in FIG. 9). At that time, since the first
slidable plate 18 is slidably moved along the curvature rails
32a, 32b, a dis;ance n between the grid element la and the
transmitting unit 53a of the tension measuringndevice 50; for
example, can be kept.constant. Accordingiy; iﬁ is possible to
aQoid an. unexpected accident such that a part of the tension
measuring device So_dollides with another grid element to damagéz_
the grid element and the tension measuring device 50.

Further, since the tension méasuring device 50 is slid by
half pitch such that the me#sufing point of the tension measuring
device 50 and the meﬁsuring point a of the grid element become
coincident with each other, it is possible to prevent a kind of
endless loop phenomenon iﬁ which.the resonarice frequency f cannot
be obtained by the qalculating unit 77 forever.

The second measuring unit 6b will be described with

reference to FIGS. 10 and 11.

16
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The second measuring unit 6b is arranged in suﬁstantially
the same manner as that of the first measuring unit 6a. The
second measuring unit 6b is different from the first measuring
unit 6a only in that the secbnd measuring unit 6b is attached to
an’arm 91 extended along the tangent direction in the measuring
point at the end portion of the grid element 1b and that the
tension measuring device 50 of the second measuring unit 6b is
- attached to be directed downward. Accordingly, in FIGs.llo'aﬂd
11, like parts corresponding to those of FIGS. 3 to 5 are marked
with the same reférences and therefore the arrangement aﬁd
operatiép fhereof.need not #e.describéd in detail.

As described above, according to this embodiment, the grid
element la is vibrated, for example, by-;hq'flow of air, then the
the grid élemént la is resonated by the feedback control
mechanism formed of the sensor 53, the gmplifier 67, the
rectifying circuit 68, the inverting amplifier 69 and the
electropneuﬁatic regulator 70. The waveform signal S
accompanying such resonance is read out by the frequency
converting unit 71 to thereby obtain thé frequency (resonance
freqqency) £ of the above waveform signai S. Then, this resonance
. frequencf f is identified as the tension of the grid element la.
Therefore, the tension of the grid element la can be measured
fully automatically and the proéess for manufacturing the cathode
ray tube in a manual fashion can be reduced and the number of the
manufacturing process can be feduced.

While the tension of the grid elements la and 1b of the
color selecting electrode of one kind is measured as described
above, according to this embodiment, the distance between the
transmitting unit 53a and the grid element la or 1b is kept

constant by the contactless switch 51 so that, even when the size

17
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of the color selecting electrode and the curvature of thé-grid
assembly 5 are changed depending on the kind of the cathode ray
tubes, the tension of the grid elements la and 1b can be
measured. Therefbre,_the present invention can be applied to
various kinds of the cathode ray tubes.

While the ﬁension of the grid element is measured in the
above-mentionéd embodinent, tension of other objects can be
measured so long as the measured objects have band-shaped
cohfigurations.

According_ﬁo the. tension measuring method of the p;esent
invention, the tension of the mgasure& object can be measured
.fully automatically with ease; For example, if the measured
object is thg_grid element constructing the color selecting
electrode of a cathode ray tube, then the processing for
manufacturing the cathode ray tubé in a manual fashion can be
simplified and reduéed and the cosf of the manufacturing process:
can be reduced.

Having described the preferfed embodiment of the invention
with reference to the accompanying drawings, it is to be
understood that the invention is not limited to those precise
. embodiment and that various changes and modifications thereof
could be effected'by one skilled in the art without depaiting
from the spirit or scope of the invention as defined in the

appended claims.
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WE CLAXIM AS OUR INVENTION:

1. A method of measuring a tension comprising the steps of:
vibrating a measured object of a.line— or b?%f—shaped
configurationlby the flow of air from an air nozzle so that said

measured object is resonated:; |

. counting the number of vibrations of said measured object
per second by the radiation oé )a laser light emitted from a very
small distance measurlng device. and

calculating a resonance frequency of said measured ocbhject

from the number of seld vibrations to thereby obtain a tension of

- said measured object.

2. A methsg of measuring a tension of a griad eiement
comprising the steps of:

(a) vibrating said grid element stretched to a color
selecting electrode frame of a color cathode ray tube by the flow
of air from an air eczzle:

(b) detectlng the change of displacement amount of said grid
element in the vibration as a waveform signal by the radiation of
of a leser light emitted from a very small distance measuring

device;

(c) feeding said waveform signal back to an electropneumatic

. regulator coupled to said air nozzle to thereby blow air against

said grid element from said air nozzle at a corresponding air
pressure;

- (4) repeating said steps (b) and (c) until a resonance state
is determinec wherein the displacement amount is not

substantially changed from the previous iteration of steps (b):

and .
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(ef measuring a frequency of said grid elemeng placed in
said resonance state per second by using said very small distance
measuring device to thereby obtain a resonance frequency and

thereby a tension of said.grid element.

(52)

nozzle, an electropneumatic regulator coupled to said air nozzle

3. A tension measuring apparagﬁi'comprising: an air

for controlling an air pressure of said air nozzle, a very small

distance measuring dev1ce composed of a laser light radiation

(53a) (53b)
transmitting unit and a recelvzng unit for receiving a reflected
(62,64)

laser light and a frequency-convertlng unlt having a function to
calculate and control a resonance frequency on the basis of a
signal from ﬁg?d very small distanqe yeasuring_devige,_ﬁherein
said apparatus is configured as;a ﬁnit having two slide
mechanisms’on which at least said air nozzle and said measuring
device are unitarily attached, wherein.said unit can be slidably
moved in the x and y directions by said two slide mechanisms,
said receiving unit of said measuiing device is located with an
inclination angle from a measuring surface of a meaéured object
rela;ive to the vertical direction, said electropneumatic

- regulator changes an air pressure in response to a feedback
signal from said~measuring_device to allow said air nozzle to
vibrate said measured object by the flow of air until said
feedback signal from said meésuring device becomes constant when
said.measured object is resonated, and said frequency-converting
- unit calculates, fecérds and converts, if necessary, a resonance
frequency into a tension in response to said feedback signal fron

said measuring device.
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