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[57] ABSTRACT

An apparatus and a method for processing lens peripheries
which allow lenses to be properly fitted in a frame, ie.,
which processes lenses with high dimensional accuracy. For
this purpose. the lens periphery processing apparatus and
method are designed to comprise an input device for input-
ting the configuration of lens frame portions of the eye-
glasses frame which is a result of three-dimensional
measurement. a calculation device for deriving peripheral
lengths of the lens frame portions from the three-
dimensional lens frame portion configuration inputted by the
input device. a tapered edge curve determining device for
determining a curve [value] defined by the locus of the
tapered edge of each lens, and a computing device for
computing the locus of the tapered edge of each lens which
substantially coincides with the peripheral length of the
associated lens frame portion which is obtained by the
calculation device.

6 Claims, 22 Drawing Sheets




Re. 35,898

Sheet 1 of 22

Sep. 15, 1998

U.S. Patent

FIG.




DEOL

Re. 35,898

4¢0L 260

AT
T
P OSSN S KOS SIS INSSSSSSSNNNNNRO B

‘\;

4
m

AN

NN

i

e ——

e iy A ——

A b e —

. — e e - o A——

A EEE——

ﬂ
™ puenge
o O e e e R SIS SR e |2
N, | V777777777788
~ 20/, — XIS _
P o
o _— B
s =
=060
% D mON. m “
2 =|4
..b? \ vt X
o Y7 PRI 3T
7 VA \.\\.\.\.\M‘Mvwwwv.“ﬁ ol
q80.L \ oy
| D
00/ S0L

U.S. Patent
N
O
L



Re. 35,898

Sheet 3 of 22

Sep. 15, 1998

U.S. Patent

09



U.S. Patent Sep. 15, 1998 Sheet 4 of 22 Re. 35,898




Re. 35,898

)

3

e

-

Y

- ___Tl.—..._
__ ﬁ__

— b g

¢ 9, ..L_____r
S I
S I
L gl
Ly g
Ly g1

N | 11 4

9 \.LJL.L T._..L.

— _

— L~

-7

QL

v p

31102 , PILOZ

U.S. Patent
1,
&
Li



Re. 35,898

Sheet 6 of 22

Sep. 15, 1998

U.S. Patent

20£0c




U.S. Patent Sep. 15, 1998 Sheet 7 of 22 Re. 35,898

FIG. 7

201 | 2031
2042 2030 2048

Lokl 4
-0 20

2064

2066 2062
200| 2065



U.S. Patent Sep. 15, 1998 Sheet 8 of 22 Re. 35,898

FIG O
XT—*

v ,2102c¢

FaVAVA VVA"a
N
I

WA VY

21035b

»

iy

‘“-Vlﬂ.‘.m
21904qa 2102a




U.S. Patent Sep. 15, 1998 Sheet 9 of 22 Re. 35,898

F1G. 10

2108

2107 ?. .!! l

| 12109
/
“ v
2130 2129 ‘& ’
21322120 !;,/4
2124 2128
L -|
2125 T «4I!ﬂr=_=. 3 213
2126 qLllel - 2127
2|2
o156 2166 l\ 4
- - N
2104 | 2197 I ’I
1

B .WI

21030 2105




U.S. Patent Sep. 15, 1998 Sheet 10 of 22 Re. 35,898
FI1G. 1
hoe | Il 2110 213;35
2153 2133
gdlel ’
S Iy ==Y A |
| N
' |
/
#
s |
( 2134
$ 1
120
N T l
2150
2110d 2105
FI1G. 12
2lI0c 2166
2150 DIBG
5164 2158 ~
o165, 2102
/7

LT
~1, g
Ty
111 L
fjd g

BB

N\

N

—




U.S. Patent Sep. 15, 1998 Sheet 11 of 22 Re. 35,898

FIG. I3

2042, 2043 2049, 2050
2047

V ~-GROOVE £ 2048
".!L={
I i N
B, \\ VEASUREMENT

LENS FRAME RIM PLANE
2044 20l 2046




U.S. Patent Sep. 15, 1998 Sheet 12 of 22 Re. 35,898

F1G 19

MEASUREMENT FRAME
PLANE




U.S. Patent Sep. 15, 1998 Sheet 13 of 22 Re. 35,898




U.S. Patent Sep. 15, 1998 Sheet 14 of 22 Re. 35,898

FI1G I8
MEASURING SECTION N %
< TS
E N » 704a, rO4b
R . | E LENS EDGE
H N LOCUS
\
\
\
H o0
\
\
FI1G 19
09
504 533 98
2! o34 | 50| 5“52|
_L ] - 022 520
/A, ¥

WA AV A LA A A A A S A AL

208

513 __| T__~506
504 Elz—-!.e-.-.;—-—_l ll_lj 505

LA GVA VAL TRV,




U.S. Patent Sep. 15, 1998 Sheet 15 of 22 Re. 35,898

F1G 20
OIS -
(757
o5z 514 X

Vi AWAD LD AV STV A A AN AV S AV AV AV E AT ALV




U.S. Patent Sep. 15, 1998 Sheet 16 of 22 Re. 35,898

F1G 22
INITIAL MEASUREMENT
POSITION END SECTION

SENSOR ‘JTL—.___‘—L
504 I

SENSOR __j__m
505 i / \\ FEELER RELIEF

OF LENS REAR

FEELER RELIEF OF REFRACTIVE

LENS FRONT REFRACTIVE SURFACE

SURFACE AND CHECKING

LENS SHAPE MEASUREMENT

OF LENS REAR

MEASUREMENT OF REFRACTIVE
LENS FRONT SURFACE
REFRACTIVE

SURFACE




U.S. Patent Sep. 15, 1998 Sheet 17 of 22 Re. 35,898
FI1G. 24
|
3.
402 404 406
N Y
i Cc\
L SHORT SISHT
IO | | .
415 408 417
4 DOUBLE
GRINDING

416 —{C TRACING ONEXT DATA
410
O:awmw Omm o PAUSE o START
=J|I¢=:>

400 m




Re. 35,898

Sheet 18 of 22

Sep. 15, 1998

U.S. Patent

m—l HERERSESE: -

Ot 82 92 2 <Z2 02 81 9l

GZ 914

IE‘_N IEI-II_ﬂ_l”“

_. o2 I El
T I

O



Re. 35,895

Sheet 19 of 22

Sep. 15, 1998

U.S. Patent

dyvd Ol 1NdNI

140
NOILVOINNWINOD

WiH3S

NOILD3S
¢ AVdSIa
. NOILO3S LANdNI

J0IA3d

ONIDNA0Hd 3
ANNOS

H9¢ Ol

VO9¢ Ol4d

AHOWNIW VYiVQ
JAYHd SN

LIN2HID  TOHINOD

QILJANHLIEY  NIVIA

AHJOW3N
WWVHO0Hd NIVIA

HOLVHANIO

351Nd

HO1Hd3ANOD d/V
441 JAOILNS10d

HOLIMSOHOIW
INIMINHD SNI'I

HOLIMSOMOIN
RISSTH ONISSTO0H

HOLIMSOHOIN ONISO™1D
/ONINIJO 43N0D

HOLIMSO1OHd
SIXV-X

HOLIMSOLOHJ
SIXV=A

HILIMSOLOHJ
14AVHS ONILLV1OY

HIOLIMSOLOHA
N3 ONISSI20Ud

HILIMSOLOHd
ININIHNSV IN

HOLIMSOYHIINW

920G

lcl
GO&

P0G



Re. 35,898

Sheet 20 of 22

Sep. 15, 1998

U.S. Patent

QIONT 105 ONIXIS
valc av3IH 39Nv9
dJONITI0S X
£90< ONIXI4 3IAVHS mm —
A Ve dOLOW mm ONIMONHY SNT1 F—90L
ONINOW HIDWHL

HO1O0W dNNd

H3AINA ) dOLOW "1d3HM

HO1OW 357INd l JAISVHEY
Ead

dO10W

LOIC— onpvioy ¥3ovaL

GO

31 INOLLNI3 1O
INNOWY LNIWIAOW

d3 1 3NOILNALOd

beic

A/D CONVERTER

OZIC~ INaWSAON TwoLLSZA o HOLATD_oNix1d
Itz [FEENDINEILO] ONn = HOLOW ONISO 1D
~SVIW SSINDDIHL WY = /ONINIdO H3IA0D
HALIMSOHOIN ONILV 1INOHID  TOMINOD e HOLOW
~H340 av3H 39O SLINHLINY H3DVML S ONRINSVAW SN 1 [ 205
. HOLIMSOSDIN O HOIOWN 3uNSS3d| o
ONLLYLON GVAH 39NVO ONISSIIONd
HOLIMSOSDIN
ONDOEHD L4 1/LHOI
HOLIMSOSOIN
AN ONIMDAHD NV o MOLOW LH4VHS 2
O ONILVLONY SN3IT
O
= MOLOW ONKHIMO™T
AHOWIW AHOWIW or JONISIVY Tovideyo [ B8S4
vivQa VURTY
ONIDVHL WYEO0dd 2 HOLOW ONIAON
S bll
Q. O OV IHYEVO

g9¢ Ol d



NOI 10445400

ONISSIOOMd -
31vI1N21vD £-1dals

Re. 35,898

S3A

ON
O-1d41S
«
» SNI1 MONHD G-1d31S
—
-
o SNOILIANOD )
3 ONIGNIHO 1NN b-1dd1S
¥ p)
LAOAY T

31V N0V ¢-1d31S
- )
&N
= SIXY DILYWOILSY
) ANV (Od4)0d LNdNI ¢-ld4lSs
o,
=B’
S

NOILVHNOIANOD
41V IdN3L
JH4NSY 3N

NOILVHNOOIANOD
JAVH4 JUNSVIN

¢
A1V IdWAL HO
NV S

NO 43MOd

b~ 1ddlLS

U.S. Patent



Re. 35,898

Sheet 22 of 22

Sep. 15, 1998

U.S. Patent

N3

4903 03434Vl

o-2d31s HSINIA

NOILISOd
ANV 3AHND 3903

J343dV] JONVHD

ONIAONIEO ONIANINO

HONOY JILSVYd
OLLSV 1d

8-<d4lS
S3A

E NOILISOd
J-2d3lS 3003 A343dvl

ANV NOLLVYHNOIANOD
P-2d41S FNYHS AV SO

HONOY SSVTI9

ON

& ONIANIHO
404 AQV3

3904

¢-2dd1S~] aq3y3gve HSINIZ

4903 Q34 3dd4YL
JNO VO
C-24d31S 3LV IOV

JOHINOD
ONIAONIYD ONIONIMNO -473S
HONOY SSVY9 HONOY JILSYId
S-¢d41S
SN3T A3SSIDONINN
SSV 19 40 NOILYHENOIEANOD
- d4d1LS JHOSYIN

, JAOW
92 'O 4 390N NISsIooud ONIONINO
3NV 1d

30O ONINIHOVW 3903 Q343dVL
|l -2d3lS

3

m_....

<ddls

CddlS

C-CddlS




Re. 35.898

1

LENS PERIPHERY PROCESSING
APPARATUS, METHOD FOR OBTAINING
PROCESSING DATA, AND LENS PERIPHERY
PROCESSING METHOD

Matter enclosed in heavy brackets [ | appears in the
original patent but forms no part of this reissue specifi-
cation; matter printed in italics indicates the additions
made by reissue.

BACKGROUND OF THE INVENTION

1. Industrial Field of the Invention

The preseat invention relates to an apparatus and a
method for processing lenses to be fitted in an eyeglasses
frame and. more particularly, to a processing apparatus and
a processing method for processing lens peripheries on the
basis of information from an eyeglasses frame configuration
measuring device which measures the three-dimensional
configuration of lens frame portions of the eyeglasses frame.
(The configuration of the lens frame portions in this speci-
fication is a locus configuration of the groove bottom of the
eyeglasses frame or of the position which approximates to it.
and this configuration is also referred to as an eyeglass
contour.)

2. Description of the Related Art

Each of the front and rear surfaces of an eyeglasses lens
has a curve for obtaining a refractive force, respectively.
which corrects abnormal refraction of the user of the eye-
glasses. Also, a tapered edge i.e., commonly known in the art
as bevel, formed on the periphery of the lens must be
designed to have a spherical curve or a curve similar to it.
Generally, the eyeglasses frame in which the lenses will be
fitted is processed in such a manner that the lens frame
portions have a predetermined curve R to facilitate the lens
fitting operation.

The ideal condition when fitting the lenses in the eye-
glasses frame after the tapered edge machining is that the
tapered edge curve and the curve R of the lens frame
portions of the eyeglasses frame coincide with each other. In
many cases. however, these curves do not coincide. In the
tapered edge machining of the lenses, the selection range of
the tapered edge curve is narrow. Often, the tapered edge
curve does not coincide with the spherical surface R of the
lens frame portions.

A conventional apparatus which has a mechanism for
measuring the configuration of lens frame portions of an
eyeglasses frame performs the tapered edge machining when
it obtains plane information of the lens frame portions, i.e.,
information of projected configuration of the lens frame
portions, as viewed from the front, from a device for
measuring the configuration of the lens frame portions.

Recently, an apparatus for measuring a three-dimensional
configuration of lens frame portions has been put into
practical use. However, the three-dimensional information is
only used for removing cosine errors owing to an inclination
of an eyeglasses frame., and for selecting with priority a
tapered edge curve which coincides with the spherical
surface R of the lens frame portions.

With the above-described conventional apparatus, when
the tapered edge curve coincides with the curve R of the lens
frame portions. these two curves have the same peripheral
length. However, in many cases, the curves do not coincide,
and consequently, they are different in the peripheral length.
Therefore. if the lenses having the tapered edges thus
machined are fitted in the eyeglasses frame, the peripheral
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2

lengths do not coincide with each other, so that the lens
fitting will not be properly carried out. Then. there is caused
a problem that the eyeglasses frame must be forcibly
deformed by the operator.

SUMMARY OF THE INVENTION

The present invention has been made in view of the
problem mentioned above. It is an object of this invention to
provide an apparatus and a method for processing lens
peripheries which allow lenses to be smoothly fitted in a
frame. 1.e.. which processes lenses with high dimensional

accuracy.

In order to achieve this object. the present invention has
the following characteristics:

(1) A lens periphery processing apparatus for processing
peripheries of lenses so as to fit the lenses in an eyeglasses
frame is characterized in that it comprises input means for
inputting the configuration of lens frame portions of the
eyeglasses frame which is a result of three-dimensional
measurement, calculation means for deriving peripheral
lengths of the lens frame portions from the three-
dimensional lens frame portion configuration inputted by the
input means, tapered edge curve determining means for
determining a curve [value] defined by the locus of the
tapered edge of each lens. and computing means for com-
puting the locus of the tapered edge of each lens which
substantially coincides with the peripheral length of the
associated lens frame portion which is obtained by the
calculation means.

(2) A method for obtaining processing data of a lens

periphery processing apparatus for fitting lenses in an eye-
glasses frame 18 characterized in that it comprises a first step

of three-dimensional measurement of the configuration of
lens frame portions of the eyeglasses frame, a second step of
deriving peripheral lengths of the lens frame portions of the
eyeglasses frame on the basis of the data obtained in the first
step. a third step of measuring or calculating the virtual or
actual lens edge thickness and lens curve of each lens to be
fitted in the frame, a fourth step of determining the curve
[value] defined by the locus of the tapered edge on the basis
of the data measured or calculated in the third step, and a
fifth step of calculating control data of the lens periphery
processing apparatus such that the peripheral length of the
locus of the tapered edge determined in the fourth step
substantially coincides with the peripheral length of the
associated lens frame portion of the eyeglasses frame.

(3) A lens periphery processing method for processing
peripheries of lenses so as to fit the lenses in an eyeglasses
frame is characterized in that it comprises a first step of
three-dimensional measurement of the configuration of lens
frame portions of the eyeglasses frame, a second step of
deriving peripheral lengths of the lens frame portions of the
eyeglasses frame on the basis of the data obtained in the first
step. a third step of measuring or calculating the virtual or
actual lens edge thickness and lens curve of each lens to be
fitted in the frame, a fourth step of determining the curve
[value] defined by the locus of the tapered edge on the basis
of the data measured or calculated in the third step, a fifth
step of calculating control data of a lens periphery process-
ing apparatus such that the peripheral length of the locus of
the tapered edge determined in the fourth step substantially
coincides with the peripheral length of the associated lens
frame portion of the eyeglasses frame, and a sixth step of
controlling the lens periphery processing apparatus on the
basis of the control data obtained in the fifth step.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a perspective view showing the general con-
struction of a lens grinding apparatus according to the
present invention;
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FI1G. 2 is a cross-sectional view of a carriage;

FI1G. 3 is a diagram showing a drive mechanism of the
carriage. as viewed from the arrow Il in FIG. 1;

FIG. 4 is a perspective view showing a measurement
section for measuring the configurations of lens frame
portions and templates according to one embodiment of the
invention;

FIG. S is a diagram showing a frame holding section
2000A ;

FIG. 6 is a diagram showing one portion of a casing 2001,
as viewed from the rear side;

FIG. 7 is a diagram for explaining a rim thickness
measuring mechanism:

FI1G. 8 is a diagram for explaining a frame fastening
mechanism;

FIG. 9 is a plan view of the measurement section;

FIG. 10 1s a cross-sectional view taken along the line
X—X of FIG. 9:

FIG. 11 is a cross-sectional view taken along the line
XI—XT of FIG. 9;

FIG. 12 is a cross-sectional view taken along the line
XII—XTI of FIG. 9;

FIGS. 13 and 14 are diagrams illustrative of a measure-
ment method;

FIGS. 15 and 16 are diagrams for explaining the vertical
movement of a gauge head:

FIG. 17 is a diagram for explaining a coordinate trans-
formation;

FIG. 18 is a schematic diagram showing the general
construction of an unprocessed lens configuration measuring
section;

FIG. 19 is a cross-sectional view of the unprocessed lens
configuration measuring section;

FIG. 20 is a plan view of the unprocessed lens configu-
ration measuring section;

FIG. 21 is a diagram for explaining the operation of a
spring and a pin;

FIG. 22 is a chart illustrative of the relationship between
the signals of photoswitches 504 and 505;

FIG. 23 1s a diagram for explaining the measuring opera-
tion performed in the measuring section;

F1G. 24 is a diagram showing an outer appearance of a
display section and an input section according to the
embodiment of the invention;

FIG. 25 is a diagram showing a display image of tapered
edge simulation;

FIGS. 26A and 26B are a block diagram showing an
electric system of the whole grinding machine; and

FIGS. 27A and 27B are a flow chart for explaining the
operation of the grinding machine.

DETAIL.ED DESCRIPTION OF THE
PREFERRED EMBODIMENTS

One embodiment of the present invention will now be
described In detail with reference to the accompanying
drawings.

(1) General Construction of an Eyeglasses Grinding
Apparatus

FIG. 1 is a perspective view showing the general con-
struction of an eyeglasses grinding apparatus in accordance
with the present invention. The reference numeral 1 indi-
cates a machine base. on which the components of the lens
grinding apparatus are arranged.
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The reterence numeral 2 indicates a lens frame portion
and template configuration measuring device. which is
arranged in the upper section of the grinding apparatus.

Arranged in front of the measuring device 2 are a display
section 3. through which measurement results. calculation
results. etc. are displayed in the form of characters or
graphics. and an input section 4. at which data is entered or
commands are given to the device.

Provided in the front section of the grinding apparatus is
a lens configuration measuring device 3 for measuring the
imaginary edge thickness, etc. of an unprocessed lens.

The reference numeral 6 indicates a lens grinding section,
where an abrasive wheel means 60. which is composed of a
rough abrasive wheel 60a for glass lenses. a rough abrasive
wheel 60b for plastic lenses and an abrasive wheel 60c for
tapered edge and plane machining. is rotatably mounted on
a rotating shaft 61. which is attached to the base 1 by means
of fixing bands 62.

Attached to one end of the rotating shaft 61 is a pulley 63.
which 1s linked through a belt 64 with a pulley 66 attached
to the rotating shaft of an AC motor 65. Accordingly,
rotation of the motor 635 causes the abrasive wheel means 60
to rotate.

The reference numeral 7 indicates a carriage section. and
the reference numeral 700 indicates a carriage.

(2) Constructions and Operations of the Component Parts
(A) Carriage Section

The construction will be described with reference to
FIGS. 1to 3. FIG. 2 is a cross-sectional view of the carriage.
FIG. 3 is a diagram showing a drive mechanism for the

carriage. as viewed in a direction indicated by the arrow Il
in FIG. 1.

A carriage shaft 702 is rotatably and slidably supported on
a shaft 701 secured on the base 1. and further, the carriage
700 1s rotatably supported on the carriage shaft 702. Timing
pulleys 703a. 703b and 703c having the same number of
teeth are fixed on a left end. a right end and an intermediate
position therebetween of the carriage shaft 702, respectively.

Lens rotating shafts 704a and 704b are coaxially and
rotatably supported on the carriage 700, extending in par-
allel to and at an unchanged distance from the shaft 701. The
lens rotating shaft 704b is rotatably supported in a rack 705
which is movable in the axial direction. The rack 705 can be
moved in the axial direction by a pinion 707 fixed on a
rotational shaft of a motor 706. Thus, a lens LE can be
clamped between the rotating shafts 704a and 704b. Pulleys
708a and 708b having the same number of teeth are provided

on the lens rotating shafts 704a and 704b and linked through
timing belts 709a and 709b with the pulleys 783a and 703b,

respectively.
An intermediate plate 710 is rotatably fixed on the left
side of the carriage 700. The intermediate plate 710 is

provided with two cam followers 711 which clamp a guide
shaft 712 which is secured on the base 1., extending in

parallel to the shaft 701. The intermediate plate 710 includes
a rack 713 which meshes with a pinion 715 attached on a
rotational shaft of a motor 714 for lateral movement of the
carriage which is secured on the base 1. extending in parallel
to the shaft 701. With such an arrangement. the motor 714

can move the carriage 700 in the axial direction of the shaft
701.

A drive plate 716 is securely fixed on the left end of the
carriage 700. and a rotational shaft 717 is rotatably provided
on the drive plate. extending in parallel to the shaft 701. A
pulley 718 having the same number of teeth as the pulleys
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708a and 708b is provided on the left end of the rotational
shaft 717, and the pulley 718 is linked through a timing belt

719 with the pulley 703a.

A gear 720 is provided on the right end of the rotational
shaft 717. and the gear 720 meshes with a gear attached on
a motor 721. When the motor 721 is rotated. the gear 720
causes the pulley 718 to rotate through the rotational shatt

717 so that the carriage shaft 702 is rotated through the
timing belt 719, thus rotating the lens chuck shafts 704a and
704b through-the pulleys 703a and 703c. the timing belts
709a and 709b. and the pulleys 708a and 708b.

A block 722 is fixed on the drive plate 716 coaxially with
the rotational shaft 717 and rotatably, and the motor 721 is
secured on the block 722.

A shaft 723 is secured on the intermediate plate 710,
extending in parallel to the shaft 701, and a correction block
724 is rotatably fixed on the shaft 723. A round rack 725

extends in parallel to the shortest line segment connecting
the axis of the rotational shaft 717 and the axis of the shaft

723. and the round rack 725 is slidably provided, passing
through a hole bored in the block 724. A stopper 726 is fixed
on the round rack 725 so that it can only slide below the
contact position with the correction block 724.

A sensor 727 is installed on the intermediate plate 710 so
as to detect the contact condition between the stopper 726
and the correction block 724. Therefore, the grinding con-
dition of the lens can be checked.

A pinion 730 fixed on a rotational shaft 729 of a motor 728
which is secured on the block 722 meshes with the round
rack 723, so that an axial distance r' between the rotational
shaft 717 and the shaft 723 can be controlled by the motor
728.

Further, with this construction, a linear relation is main-
tained between the axial distance r' and the rotational angle

of the motor 728.

A hook of a spring 731 is hung on the drive plate 716. and
a wire 732 is hung on a hook on the other side of the spring
731. A drum is attached on a rotational shaft of a motor 733
secured on the intermediate plate 710, so that the wire 732
can be wound on the drum. Thus, the grinding pressure of
the abrasive wheel means 60 for the lens LE can be changed.

(B) Lens Frame Portion and Template Configuration
Measuring Section (Tracer Section)

(a) Construction

The construction of a lens frame portion and template
configuration measuring section 2 will be described with

reference to FIGS. 4 to 8.

FIG. 4 is a perspective view showing a lens frame portion
and template configuration measuring section in accordance
with this embodiment. This section is incorporated in the
body of the lens grinding apparatus and is generally com-
posed of two sections: a frame and template holding section
2000 for holding a frame and templates and a measurement

section 2100 for performing digital measurement of the
configurations of lens frame portions in the frame and

templates. The frame and template holding section 2000 is
composed of two sections: a frame holding section 2000A

and a template holding section 2000B. (The explanation of
the template holding section 2000B will be omitted.)

Frame Holding Section

Referring to FIG. 5 showing the frame holding section
2000A. the average geometrical centers of a pair of lens
frame portions when the eyeglasses frame 1s set in the frame
holding section 2000A are established as reference points
Oz and O, . and the straight line connecting these two points
is regarded as a reference line.
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The frame holding section 2000A includes a casing 2001.
A center arm 2002 is shdably mounted on guide shafts 2003a
and 2003b attached on the surface of the casing 2001, and
frame supports 2004 and 2005 are provided on distal ends of
the center arm 2002 and located at the same interval as the

distance between the points O, and O, .

Similarly, a right arm 2006 is slidably mounted on guide
shafts 2007a and 2007b, and a left arm 2009 is slidably
mounted on guide shafts 2010a and 2010b. Also. frame
supports 2008 and 2011 are rotatably supported on distal
ends of the right and left arms 2006 and 2009, respectively.

The center arm 2002 slides in a direction perpendicular to
the reference line so that the frame supports 2004 and 2005
pass through the points O, and O, . The right arm 2006 slides
in a direction at an angle of about 30° from the reference line
so that the frame support 2008 passes through the point O,
and the left arm 2009 slides in a direction at an angle of
about 30° from the reference line so that the frame support
2011 passes through the point O, .

Each of the frame supports 2004, 2005, 2008 and 2011 has
two oblique surfaces intersecting with each other. Ridgelines
defined by the pairs of oblique surfaces exist on the same
plane (the measurement plane). and also. rotational axes of
the frame supports 2008 and 2011 exist on this measurement

plane.

Further, the center arm 2002 is provided with a semicir-
cular frame support 2020 which is slidably mounted on
ouide shafts 2021a and 2021b attached on the center arm
2002, and the frame support 2020 is usually drawn toward
the center arm by means of a spring.

FIG. 6 is a diagram showing a portion of the casing 2001.
as viewed from the rear side.

Pulleys 2024a, 2024b, 2024c¢ and 2024d are rotatably
supported on the rear surface of the casing 2001. A wire
2023, which is stretched over the pulleys 2024a to 20244, 1s
firmly attached to a pin 2026 embedded in the center arm
2002 and a pin 2027 embedded in the right arm 2006, these
pins being projected from the rear surface through holes
2028a and 2029a of the casing 2001.

Likewise, pulleys 2030a. 2030b. 2030c and 2030d are
rotatably supported on the rear surface of the casing 2001.

A wire 2031. which is stretched over the pulleys 2030a to
2030d. is firmly attached to a pin 2026b embedded in the
center arm 2002 and a pin 2032 embedded in the left arm
2009, these pins being projected from the rear surface
through holes 2028b and 20290 of the casing 2001. Also, on
the rear surface of the casing 2001, a constant torque spring
2033 for constantly drawing the center arm 2002 toward the
points O, and O, is attached on a drum 2034 which is
rotatably supported on the rear surface of the casing 2001,
one end of the constant torque spring 2033 being firmly
attached to a pin 2035 embedded in the center arm 2002.

A claw 2036. which is embedded in the center arm 2002,
is in contact with a microswitch 2037 attached on the rear
surface of the casing 2001 when the frame 1s not held. The
claw 2036 serves to judge the frame holding condition.

A rim thickness measuring section 2040 for measuring the
thickness of a rim of a frame portion is incorporated in the
left arm 2009.

A pulley 2042 is fixed on a rotational shaft 2041 of the
frame support 2011 so as to rotate integrally with the frame
support 2011. A pulley 2043 which rotates urespective of the

rotation of the frame support 2011 is supported on the
rotational shaft 2041. and a rim thickness measuring pin
2044 is embedded in the pulley 2043.
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A hollow rotational shaft 2045 is rotatably supported on
the left arm 2009. A potentiometer 2046 is installed on one
end of the rotational shaft 2045, and a pulley 2047 is
attached on the other end. A wire 2049 is stretched between
the pulleys 2042 and 2047. with opposite ends of the wire
2049 being firmed attached on the respective pulleys. The
potentiometer 2046 and the frame support 2011 constantly
rotate 1n the same direction in cooperation.

Reterring to FIG. 7. one end of a wire 2050 is firmly
attached to the puliley 2042. and an intermediate portion of
the wire 2050 s fixed on a pulley 2048. the other end of the
wire 2050 being hooked on a pin 2052 embedded in the left
arm 2009 through a spring 2051. In accordance with the
movement of the rim thickness measuring pin 2044, the
shatt of the potentiometer 2046 is rotated.

Referring to FIG. 8, a pressing plate 2061 having a brake
rubber 2062 adhered on one surface is attached on the casing
2001 rotatably by means of a shaft 2063 fixed on the
pressing plate 2061. and one end of a sliding shaft of a
solenoid 2064 provided on the casing 2001 is attached on the
pressing plate 2061. One end of a spring 2065 is hooked on
the pressing plate 2061. and the other end of it is hooked on
a pin 2066 embedded in the casing 2001, so as to pull the
pressing plate 2061 constantly in such a direction that the
brake rubber 2062 will not abut against the center arm 2002.
When the solenoid 2064 functions to press the pressing plate
2061 against the spring 2065, the brake rubber 2062 abuts
against the ceater arm 2002, to thereby fix the center arm
2002, and the right arm 2006 and the left arm 2009 which

move in cooperation with the center arm 2002.
Measurement Section

Next. the construction of the measurement section 2100
wil be described with reference FIGS. 9 to 12. FIG. 9 is a
plan view of the measurement section, and FIG. 10 is a
cross-sectional view taken along the line X—X of FIG. 9.

A movable base 2101 has shaft holes 2102a, 2102b. and
2102c and i1s slidably supported by shafts 2103a and 2103b
attached to the casing 2001. Further. embedded in the
movable base 2101 is a lever 2104, by means of which the
movable base 2101 can be slid. thereby bringing the rota-
tional center of a rotating base 2105 to the positions O and
O, on the frame portion and template holding section 2000.
The rotating base 2105, on which a pulley 2106 is formed,
is rotatably supported by the movable base 2101. Stretched
between the pulley 2106 and a pulley 2108, which is
attached to the rotating shaft of a pulse motor 2107 mounted
on the movable base 2101, is a belt 2109, by means of which
the rotation of the pulse motor 2107 is transmitted to the
rotating base 2105.

As shown in FIG. 11. four rails 2110a. 2110b, 2110c, and
2110d are attached to the rotating base 2105. A gauge head
section 212@ is slidably mounted on the rails 2110a and

2110b. Formed in this gauge head section 2120 is a vertical
shaft hole 2121, into which a gauge head shaft 2122 is
inserted.

A ball bearing 2123 is provided between the gauge head
shaft 2122 and the shaft hole 2121, whereby the vertical
movement and the rotation of the gauge head shaft 2122 are
smoothed. Attached to the upper end of the gauge head shaft
2122 is an arm 2124. and. rotatably supported by the upper
section of this arm 2124 is an abacus-bead-like V-groove
gauge head 2125 adapted to abut against the V-shaped
groove of the lens frame portions.

A cylindrical template measurement roller 2126 which is

adapted to abut against the edge of a template is rotatably
supported by the lower section of the arm 2124. The outer
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peripheral surfaces of the V-groove gauge head 2125 and the
template measurement roller 2126 are located in the center

line of the gauge head shaft 2122.

In a position below the gauge head shaft 2122. a pin 2128
s embedded in a ring 2127 which is rotatably mounted on
the gauge head shaft 2122, with the movement in the
rotating direction of this pin 2128 being limited by an
elongated hole 2129 formed in the gauge head section 2120.
Attached to the tip end of the pin 2128 is the movable section
of a potentiometer 2130 of the gauge head section 2120, the
moving amount in the vertical direction of the gauge head
shaft 2122 being detected by means of this potentiometer

21390.

A roller 2131 is rotatably supported by the lower end
section of the gauge head shaft 2122. Also. a claw 2132 is
embedded in the gauge head section 2129.

A pin 2133 is embedded in the gauge head section 21260,
and a pulley 2135 is attached to the shaft of a potentiometer
2134 which is attached to the rotating base 2108. Pulleys
2136a and 2136b are rotatably supported by the rotating
base 21035, and a wire 2137 which is firmly attached to the
pin 2133 is stretched between these pulleys 2136a and
2136b and is wound around the pulley 2135. Thus. the
moving amount of the gauge head section 2120 is detected
by the potentiometer 2134.

Further, a constant torque spring 2140 which is adapted to
constantly pull the gauge head section 2120 toward the side
of tip of the arm 2124 is attached to a drum 2141 which is
rotatably supported by the rotating base 2105, one end of the
constant torque spring 2140 being firmly attached to a pin
2142 embedded in the gauge head section 2124.

Slidably mounted on the rails 2110c and 2110d on the
rotating base 2105 is a gauge head driving section 2150, in
which a pin 2151 is embedded, and a pulley 2153 is attached
to the rotating shaft of a motor 2152 attached to the rotating
base 2103, Pulleys 2154a and 2154b are rotatably supported
by the rotating base 2105, and a wire 2155 firmly attached
to a pin 2151 is stretched between these pulleys 2154a and
2154b and is wound around the pulley 2153, whereby the
rotation of the motor 2152 is transmitted to the gauge head
driving section 2150.

The gauge head driving section 2150 abuts against the
gauge head section 2120, which is pulled toward the gauge
head driving section 2150 by the constant torque spring
2140. and, by moving the gauge head driving section 2159,
the gauge head section 2120 can be moved to a predeter-
mined position.

Further, rotatably supported by the gauge head driving
section 2150 is a shaft 2156. one end of which is attached to
an arm 21537 abutting against the roller 2131 that is rotatably
supported by the lower end section of the gauge head shaft
2122, and the other end of which is attached to an arm 2158
rotatably supporting a roller 2159. One end of a torsion colil
spring 2166 is hooked on the arm 2157 in such a manner that
the roller 2159 comes to abut against a stationary guide plate
2160 which is firmly attached to the rotating base 2105, and
the other end of this torsion coil spring 2161 is firmly
attached to the gauge head driving section 2150. so that,
when the gauge head driving section 2150 moves. the roller
2159 moves in the vertical direction along the guide plate
2160.

The vertical movement of the roller 2159 causes the shaft
2156 to rotate, and the arm 2157 firmly attached to the shaft
2156 also rotates round the shaft 2156, causing the gauge
head shaft 2122 to move in the vertical direction. Rotatably
mounted on the rotating base 2108 is a shaft 2163. to which
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a movable guide plate 2161 is firmly attached. One end of
the sliding shaft of a solenoid 2164 mounted on the rotating
base 2105 is attached to the movable guide plate 2161. One
end of a spring 2165 is hooked on the rotating base 2103,
and the other end thereof is hooked on the movable guide
plate 2161. normally pulling the movable guide plate 2161
to a position where its guide section 2162 of the movable
guide plate 2161 does not abut against the roller 2159. When
the solenoid 2164 operates to pull up the movable guide
plate 2161. the guide section 2162 of this movable guide
plate 2161 moves to a position where 1t is parallel to the
stationary guide plate 2160. allowing the roller 21589 to abut
against the guide section 2162 and move along the guide
section 2162.

(b) Operation

Next. the operation of the above-described lens frame
portion and template configuration measurement device 2

will be described with reference to FIGS. 5 to 17.
Measurement of Lens Frame Portion Configuration

First, the operation of measuring an eyeglasses frame will
be described.

Either the left or the right lens frame portion of the
eyeglasses frame 500 is selected for measurement, and the
measurement section 2100 is moved to the measurement
side by means of a lever 2104 which 15 firmly attached to the
movable base 2101.

By pulling the frame support 2020, the distance between
the frame support 2020 and the center arm 2002 is enlarged
to a sufhicient degree. After abutting the front section of the
eyeglasses frame against the oblique surfaces 2012a, 2012b,
2014a and 2014b of the frame supports 2004 and 2005, the
frame support 2020 is returned to the initial position and
abutted against the center section of the eyeglasses frame.
Then. while pressing the center arm 2002, the rim thickness
measuring pins 2044 are pressed downwardly by the rim
portions of the eyeglasses frame, and at the same time, the

left and right rim portions are abutted against the oblique
surfaces 2016a, 2016b, 2018a and 2018b of the frame

supports 2008 and 2011.

In this embodiment, the frame supports 2004, 2005, 2008
and 2011 function in cooperation, and they are pulled toward
the points OR and On by means of the constant torque spring
2033 whereas the frame support 2020 is pulled toward the
center arm by the spring 2022, Therefore. by holding the
eyeglasses frame by the frame supports 2004, 200S, 2008,
2011 and 2020, cach lens frame portion can be retained by
forces in three directions toward the geometrical center of
the lens frame portion, and aiso, the horizontal center of the
frame can be retained at the middle point between the points
O and O, by means of the frame support 2020. Moreover,
since the frame supports 2008 and 2011 rotate inside of the
plane defined by the ridgelines 2013, 2015, 2017 and 2019
of the four frame supports. the center of the V-groove of the
lens frame can be constantly retained at the center positions
of the frame supports 2004, 2005, 2008 and 2011 and inside

of the measurement plane.

Referring to FIG. 13. the rim portion of the lens frame
presses the rim thickness measuring pin 2044 downwardly.
When the V-groove is in parallel to the measurement plane,
the movement amount of the rim thickness measuring pin
2044 with respect to the ridgeline 2019 defined by the
oblique surfaces 2018a and 2018b of the frame support 2011

can be detected by the potentiometer 2046.

Referring to FIG. 14, when the V-groove is inclined at an
angle with respect to the measurement plane, the frame
support 2011 is inclined along the rim portion. Since the
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potentiometer 2046 is also inclined at the same angle as the
inclination of the frame support 2011, the rim thickness can

always be measured with reference to the ridgeline 2019.

The rim thickness data thus obtained are compared with

the lens edge thickness and utilized for determining the
optimum tapered edge position such that the rim of the frame

and the front refractive surface of the lens will be located
properly.

When a tracing switch on the operation panel is depressed
with the frame set as described above. the solenoid 2064

operates to fix the center arm 2002, the right arm 2006 and
the left arm 2009.

In FIGS. 15 and 16. the roller 2159 of the gauge head
driving section 2150 is at the reference position O, and the
pulse motor 2107 is rotated a predetermined angle. turning
the rotating base 21035 such that the moving direction of the
gauge head driving section 2150 coincides with the moving

direction of the frame support 2008 or 2011.

Subsequently, the guide section 2162 of the movable
guide plate 2161 is moved to a predetermined position by the
solenoid 2164, and the gauge head driving section 2150 is
moved in the direction of the frame support 2008 or 2011.
This causes the roller 2159 to move from the guide section
2160a of the stationary guide plate 2160 to the guide section
2162b of the movable guide plate 2161, and the gauge head
shaft 2122 is raised by the arm 2157, with the V-groove
gauge head 2125 being retained at the level of the reference
plane for measurement.

Further, when the gauge head driving section 2150 is
moved, the V-groove gauge head 2125 is inserted into the
V-groove of the lens frame portion., and the gauge head
section 2120 stops its movement at the frame, the gauge
head driving section 2150 moving to the frame limit to stop
there. Subsequently, the pulse motor 2107 is rotated each
time by a unit rotation pulse number which has previously
been set. At this time, the gauge head section 2120 moves
along the guide shaft 2110a and 2110b in accordance with
the radius vector of the lens frame portion, the amount of this
movement being read by the potentiometer 2134. The gauge
head shaft 2122 moves up and down following the curve of
the lens frame portion. the amount of this movement being
read by the potentiometer 2130. From the rotation angle 0 of
the pulse motor 2107, the read amount r of the potentiometer
2134, and the read amount z of the potentiometer 2130, the
lens frame portion configuration is measured as (r,. 0,,. z,)
(n=1, 2, .. .. N). The measurecment data (r,. 6,. z,) is
subjected to polar-orthogonal coordinate transformation,
and. from arbitrary four points (X,. ¥;. Z,). (X5. V5. Z2). (X;.
Vi, Z3). and (X,. y,4. Z,) of the data (X .. y,.. z,)) thus obtained,
the frame curve C* is obtained (by use of the same formula
as in obtaining the lens curve).

Further, the distances between the data (x,,. y,,. Z,)) (n=1.
N) are calculated, and the peripheral length of the
eyeglass contour is approximately obtained by adding them,
and expressed as T,

Moreover, referring to FIG. 17, selected from among the
X and y components (X,,.y,,) of (X,,. ¥,. Z,,) are a measurement
point A (X_, v,) having the maximum value in the X-axis
direction, a measurement point B (x,. y,,) having the mini-
mum value in the X-axis direction, a measurement point C
(X.. V.) having the maximum value in the Y-axis direction,
and a measurement point D (X, y,) having the minimum
value in the Y-axis direction, and. the geometrical center O
(X;. Yz) of the lens frame portion is obtained as:
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- KXo + Xxp Ye + V4 (”

From the distance L between the known frame center and the
rotational center O, (x_. y,) of the gauge head section 2120 3
and the deviation amount (Ax. Ay) between O, and O.. V2 of
the frame pupi distance FPD between the geometrical
centers of the lens frame portions is obtained as:

FPDR = (L-A) (2} 10
= {L ~{xp—xp)}

Next, from the pupillary distance PD designated at the
input section 4. the inner adjustment amount I is obtained as:

15

. _ (FPD __PD (3)
=\ T

= {L~(xp—x0)- PD2}

Further, on the basis of an inputted upper adjustment
amount U, the position O, (X,. y.). where the optical center
of the eyeglass lens to be processed should be located. is
obtained as follows:

20

Oslx3, y3) = (xp + I, yp + U) = (4)
25
X; + Xp PD Ye + Yo
(SRR,
From this Q.. processing data (.r,. ©,) (n=1,2..... N)

is obtained through transformation of (x,, y_ ) into polar 3a
coordinates having O, as the center.

In the device of this embodiment. the configuration mea-
surement can be performed on each of the right and left lens
frame portions. or, alternatively, it may be performed on
only one of them. applying inverted data to the remaining 5
frame portion.

(C) Unprocessed Lens Configuration Measuring Section

(a) Construction

FIG. 18 is a schematic diagram showing the general
construction of the unprocessed lens configuration measur-
ing section for detecting. prior to the grinding, the curve
value, the edge thickness, etc. of the lens ground under
predetermined conditions. The construction of this measur-
ing section will be described in detail with reference to
FIGS. 19 and 20.

FIG. 19 is a cross-sectional view of the unprocessed lens 43
configuration measuring section S, and FIG. 20 is a plan
view of the same.

A shaft 501 is rotatably mounted on a box 500 through the
intermediation of a bearing 502. Further mounted on the box
500 are a DC motor 503, photoswitches 504 and 505, and a 50
potentiometer 506.

A pulley 507 is rotatably mounted on the shaft 501.
Further mounted on the shaft 501 are a pulley 508 and a
flange 509.

Mounted on the pulley 507 are a sensor plate 510 and a
spring S11.

As shown in FIG. 21, the spring S11 is attached to the
pulley 508 such that it holds a pin 512. As a result, when the
spring S11 rotates with the pulley 507, the spring 511 exerts
a resilient force on the pin 512 to be rotated, which is
attached to the rotatable pulley 508. If the pin 512 moves in.
for example, the direction indicated by the arrow indepen-
dently of the spring 511, the above-mentioned resilient force
acts such as to restore the pin 512 to the original position.

Attached to the rotating shaft of the motor 503 is a pulley
513. and the rotation of the motor 503 is transmitted to the 65
pulley 507 through a belt 514 stretched between the pulleys
313 and 507.

12

The rotation of the motor 503 is detected and controlled
by the photoswitches 504 and 505 through the sensor plate
3510 attached to the pulley 507.

Rotation of the pulley S07 causes the pulley 508. to which
the pin 8§12 is attached. to rotate, with the rotation of the
pulley 508 being detected by the potentiometer 506 through
a rope 521 stretched between the pulley 508 and a pulley
520. which is attached to the rotating shaft of the potenti-
ometer 306. In this process. the shaft 501 and the flange 509
rotate simultaneously with the rotation of the pulley 508. A
spring 522 serves to keep the tension of the rope 521
constant.

Feelers 523 and 524 are rotatably mounted on a measure-
ment arm 527 by means of pins 525 and 526. the measure-
ment arm 527 being attached to the flange 509.

The photoswitch 504 detects the initial position and the
measurement end position of the measurement arm 527. The
photoswitch 503 detects the relief position and the measure-
ment position of the feelers 523 and 524 with respect to the
front refractive surface and the rear refractive surface of the
lens. The measurement end position detected by the photo-
switch 504 coincides with the relief position with respect to
the rear refractive surface of the lens detected by the
photoswitch 305. FIG. 22 is a chart showing the mutual
relationship between the signals of the photoswitches 504
and 505.

As shown in FIG. 18, the measurement arm 527 is
equipped with a shaft 529, to which a microswitch 528 is
attached. Provided on the shaft 529 is a rotatable arm 531
having a rotatable feeler 530. This rotatable arm 531 is
retained in the direction of the arrow by a spring 532, with
the position of the feeler 53¢ being detected by the
microswitch 528.

A cover 333 serves to prevent adhesion of grinding water,
etc. to the measurement device, and a seal member 534
serves to prevent grinding water etc., from entering the
measurement device through the gap between the device and
the cover.

While in this embodiment a third feeler 530 is provided
such as to abut against the lens edge. it is possible to omit
this feeler 530 since the feelers $23 and 524 also indicate
abnormal data when the lens is not fit for the processing.

(b) Measuring Method

First, the motor 503. which is controlled by the photo-
switch 305, is rotated so as to rotate the measurement arm
527 from the initial position to the relief position with
respect to the front refractive surface of the lens, as shown
in FIG. 23. In the relief position, the feeler 523 and the lens
are positioned as not to interfere with each other when the
carriage 700 holding the lens is displaced in the direction
indicated by the arrow and. at the same time, the feeler 530
is positioned so as to abut against the lens edge.

Subsequently, the lens LE is displaced in the direction of
the arrow 535. The displacement amount is controlled on the
basis of the data on the configuration of the eyeglasses frame
portion into which the processed lens is to be fitted or the
eyeglass contour data. On the basis of such data. the lens
moves (n the direction indicated by the arrow.

If there is no deviation of the lens size from the eyeglasses
frame portion configuration data or the eyeglass contour
data. the feeler 530 abuts against the lens edge and moves in
the direction of the arrow 535, with this action being
detected by the microswitch 528. If the lens size deviates
from the configuration data, a display is given on the display
section 3, through a signal of the microswitch 528. to the
effect that grinding can not be performed. When the
microswitch 528 detects the movement of the feeler 530, the
motor 503 is rotated in such a manner as to cause the feeler
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523 to abut against the front refractive surface of the lens in
order to measure the configuration of the front refractive
surface of the lens. The rotation is effected to a position
which is determined taking into account the general thick-

ness of the lens and the length in the lens edge direction of 5

the feeler 530.

When the feeler 523 moves to the position indicated by
the two-dot chain line. the force of the spring 511 attached
to the pulley 507 acts in such a manner as to cause the feeler
523 to abut against the front refractive surface.

One rotation of the lens around chuck shafts 704a and
704b causes the lens to move in the direction of the arrow
536 and the fecler 523 to move in the direction of the arrow
537 in accordance with the above configuration data on the
eyeglasses frame portion or the eyeglass contour data, the
movement amount being detected by the potentiometer 506
through the rotation amount of the pulley 508, whereby the
configuration of the front refractive surface of the lens is
obtained. At the same time. the microswitch 3528 also
performs measurement to determine whether or not 1t is
possible to process the lens into the eyeglass contour in
conformity with the above data, and the result of the
measurement is displayed.

Afterwards, the carriage 700 is returned to the imitial
position and the motor 503 is further rotated to bring the lens
to the relief position with respect to the rear refractive
surface. The lens is then moved to the measurement position,
the movement amount being measured by the feeler 524 in
the same manner as in the measurement of the front refrac-
tive surface while causing the lens to make one rotation.

In this embodiment. either the front surface or the rear
surface of the lens is measured with the feeler abutting
against the lens surface along the locus of the tapered edge
bottom surface (or the distal edge). However, the lens front
strface is usually subjected to spherical processing so that
data at four arbitrary points are enough even if factors such
as axial deviation are taken into account. By simple calcu-
lation of these data and one-side data measured in substan-
tially the same manner as this embodiment (although the
number of measurement points is merely increased in the
case of the astigmatic lens. it is more convenient in the case
of the progressive lens to abut the feeler against the position
corresponding to the lens edge). values at substantially the
same level as the measured values obtained in this embodi-
ment can be derived.

(D) Display Section and Input Section

FIG. 24 is a diagram showing the outer appearance of the
display section 3 and the input section 4 of this embodiment,
these two sections being integrally formed.

The input section of this embodiment comprises different
kinds of seat switches such as a main switch 400 for turning
on or off the power source, a setting switch group 401 for
inputting various kinds of processing information, and an
operation switch group 419 for indicating operation methods
of the device.

The setting switch group 401 consists of a lens switch 402
for indicating whether a lens to be processed 1s made of a
plastic material or a glass material. a frame switch 403 for
indicating whether a frame is made of resin or metal, a mode
switch 404 for selecting the plane processing mode or the
tapered edge machining mode, an R/L switch 405 for
selecting whether a left-eye lens or a right-eye lens is to be
processed, a long sight/short sight switch 406 for changing
the vertical layout of the lens optical center and the PD value
to be suited for a lens for the longsighted or for the
shortsighted. an input change switch 407 for selecting alter-

ation items of the set data, a (+) switch 408 and a (—) switch
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409 for increasing and decreasing data in the items selected
by the input change switch 407.

The operation switch group 410 consists of a start switch
411. a pause switch 412 for stopping the device temporarily
and also for serving as an image change switch for tapered
edge simulation display. a switch 413 for opening/closing
the lens chucks, a switch 414 for opening/closing the cover,
a double grinding switch 415 for finishing the lens by double
erinding, a tracing switch 416 for indicating the lens frame
and template tracing. and a next-data switch 417 for trans-
ferring the data measured by the lens frame portion and
template configuration measurement section 2.

The display section 3 is formed of a hiquid crystal display
which is controlled to show set values of processing
information. the tapered edge simulation of the tapered edge
position and the fitting condition of the tapered edge with the
lens frame. the reference set values. and so forth. by means
of the main arithmetic processing circuit which will be
described later.

FIG. 25 is an example of a display image. showing the
tapered edge simulation.

(3) Electric Control System for the Whole Grinding

Apparatus
The electric control system of this embodiment which has

the above-described mechanical construction will now be

described.

FIGS. 26A and 26B are a block diagram showing an
electric system of the whole grinding apparatus.

A main arithmetic control circuit is formed of., for
example, a microprocessor. and it is controlled by a

sequence program stored in a main program. The main
arithmetic control circuit can exchange data with IC cards,
eve examination system devices and so forth through a serial
communication port, and perform data exchange and com-
munication with a tracer arithmetic control circuit of the lens
frame portion and template configuration measurement sec-
tion.

The display section 3. the input section 4 and a sound
reproducing device are connected to the main arithmetic
control circuit.

Photoswitch units including the photoswitches 504 and

505 for measurement. and processing end photoswitches for
detecting the processing end condition. and microswitch
units for the cover opening/closing. the processing pressure
and the lens chucks, are connected to the main arithmetic
control circuit.

A potentiometer 506 for measuring configurations of
lenses to be processed is connected to an A/D converter
whose conversion results will be inputted into the main
arithmetic control circuit. Measurement data of the lenses
which have been arithmetically processed in the main arith-
metic control circuit are stored in a lens/frame data memory.

A carriage moving motor 714, a carriage raising/lowering
motor 728 and a lens rotating shaft motor 721 are connected
to the main arithmetic control circuit through a pulse motor
driver and a pulse generator. The pulse generator determines
the pulse number and the frequency (Hz) of the output to the
respective pulse motors. i.e.. controls the operation of the
respective motors. in response to commands from the main
arithmetic control circuit.

Each of a processing pressure motor 733, a lens measur-
ing motor 503 and a cover opening/closing motor is driven
by a drive circuit in response to commands from the main
arithmetic control circuit.

A magnet motor 65 and a water supply pump motor are
driven by an alternating current power source, and they are
rotated/stopped by a switch circuit which is controlled 1n
response to commands from the main arithmetic control

circuit.
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Next. the lens frame portion (and template) configuration
measuring section will be described.

Output terminals of potentiometers 2130, 2134 for mea-
suring the lens frame portion and template configurations
and an output terminal of a potentiometer 2046 for measur-
ing the rim thickness of the frame are connected to an A/D
converter whose conversion results will be inputted into the
tracer arithmetic control circuit. Microswitch units including
microswitches for checking the frame and the like are also
connected to the tracer arithmetic control circuit.

A tracer rotating motor 2107 is controlled by the tracer
arithmetic control circuit through a pulse motor driver.
Further. a tracer moving motor 2152, a frame fixing solenoid
2064 and a gauge head fixing solenoid 2164 are driven by
the respective drive circuits which have received commands
from the tracer arithmetic control circuit.

The tracer arithmetic control circuit is formed of. for
example. a microprocessor. and it is controlled by a
sequence program stored in a program memory.

The lens frame portion and template configuration data
thus measured are temporarily stored in a tracing data
memory. and then. transmitted to the main arithmetic control
circuit,

(4) Operation of the Whole Grinding Apparatus

The operation of the lens grinding apparatus will now be
described on the basis of a flow chart of FIGS. 27A and 27B.

Step 1-1

Referring to FIGS. 27A and 27B. after the main switch
400 is turned on, a frame or template is first set in a frame
or template holding section. and then, tracing is conducted
by the tracing switch 416.

Step 1-2

The PD value and astigmatic axes of the user are inputted.
The FPD value is further inputted in the case of the template
measurement. Also, the inputted PD value is judged to be for
the long sight or the short sight, and the result is set by the
long sight/short sight change switch 406. The setting is
displayed in the display section 3. After the long-sight PD
value is inputted with the long sight mode being selected, the
setting 1s changed to the short sight mode by the long
sight/short sight change switch 406. Then. the inputted value
15 transformed into the short-sight PD value by the following
eEXPression:

Short-Sight PD=Long-Sight PDx({(1-12W/{(1+13))

wherein 1 expresses a required operation distance; 12
expresses a distance between corneal apexes of the Japa-
nese; and 13 expresses a distance between a corneal apex
and a turning point.

After the short-sight PD value is inputted with the short
sight mode being selected, the setting is changed to the long
sight mode. Then. the inputted value is transtormed into the
long-sight PD value by the following expression (see U.S.
Pat. No. 4.944.585):

Long-Sight PD=Short-Sight PDx((1+13)/(1-12))

Concerning the vertical layout. values inputted for the short
sight and the long sight in the above-described reference
value setting are set. When the operator intends to alter the
set values, alteration an cbe conducted by use of the (+)
switch 408 and the (-) switch 409. Then. the PD value can
also be altered.

Step 1-3

From the frame or template radius vector information and
the FPD value obtained in Step 1-1. and the PD vertical
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layout information inputted in Step [-2. coordinate trans-
formation 1s conducted about a new method so that new
radius vector information (r, o,.r, coordinate center accord-

¥ n®

ing to the above-described 0,) is obtained and stored in the
frame data memory.

Step 1-4

The operator judges the material of the lens to be pro-
cessed and inputs whether it 1s a glass lens or a plastic lens,
by means of the lens change switch 402. The operator also
inputs whether the frame is made of metal or resin, by means
of the frame change switch 403. whether the processed lens
for a right eye or for a left eye. by means of the R/L change

switch 405, and whether plane processing or tapered edge
machining is selected. by means of the mode switch 404.

The lens processing size 1s determined on the basis of the set
values inputted beforehand in the reference value setting for

cach of eight combinations of the lens materials, the frame
materials and the processing modes.

When the operator intends to alter the set values, alter-
ation can be conducted by use of the (+) switch 408 and the
(=) switch 409. When the R/L designation of the processed
lens 1s the same as the frame measurement, the data are
employed as they are. When the R/L designation is different,
however, the data of the opposite side are employed.

Step 1-5

The switch 413 for opening/closing the lens chucks is
operated to rotate the motor 706. to thereby chuck the lens.
When the lens has directions such as an astigmatic axis, the
lens is chucked with the axial direction extending toward the
abrasive wheel rotating center.

Step 1-6. 1-7

When no abnormal state is caused in the above steps, the
operation is started by pushing the start switch 411.

After confirming that the start switch 411 has been
pushed, the main arithmetic control circuit performs pro-
cessing correction (abrasive wheel radius correction).

A point a denotes the abrasive wheel rotating center; a
point b denotes the lens processing center; R denotes a
radius of the abrasive wheel; LE denotes frame data; and L
denotes the distance between the abrasive wheel rotating
center and the lens processing center. The radius vector
information (r, 3,,.r, 6,) is read from the frame data memory.
and the following calculation is conducted:

L = r; O, cosB, + qRZ — (rs &y sinr; B,

(n=1,23...N)

When an angle of the astigmatic axis is not 180 degrees.
r, 0, is offset by an extent corresponding to the difference,
and r_ 0', is used in place of r 9,.

Subsequently, the radius vector information (r, 0,.r.0,) is
rotated about the processing center for a slight angle, as
desired, and the same calculation is conducted with the
above expression.

The rotational angle of this coordinate is expressed as &,
(i=1. 2. 3 . . . N). and it is rotated for 360 degrees
successively from &, to £ . The maximum value of L at each
E;is expressed as L,, and r .0, at the time is expressed as 0,
Also, (L.E.8) (i=1. 2. 3 . . . N) is set as processing
correction information and stored in the frame data memory.

Step 2-1

When the tapered edge machining mode is selected in
Step 1-4, proceed to Step 2-2. and when the plane processing
mode is selected. proceed to Step 3-1.

Step 2-2

When the tapered edge machining mode is selected. the
main arithmetic control circuit rotates the lens rotating shaft
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motor 721 through the pulse generator and the pulse motor
driver, to thereby rotate lens shafts 704a and 704b 1n such a
manner that r9, is directed toward the abrasive wheel
rotating center.

Next, in the same method. the motor 714 is rotated to
move the carriage to the reference position for measurement
at the left end of the carriage stroke. Then, the motor 728 is

rotated to change L until the measurement is possible.

Thereafter. the lens edge position on the line of the radius
vector information is measured by the unprocessed lens
configuration measurement mechanism described above.
The lens front-surface edge position thus obtained is denoted

by rZ,. and the lens rear-surface edge position 1s denoted by
17 . They are set as lens edge information (1Z,. 1Z,) (n=1. 2,
3 ... N) and stored in the frame data memory.

When the outer diameter of the lens is judged to be
partially smaller than the diameter of the eyeglass contour,
it is judged that a lens having a desired lens frame configu-
ration can not be obtained, and an alarm signal 1s displayed
in the display section. Also, performance of the subsequent
steps 18 stopped.

Step 2-3

The front surface curve and the rear surface curve are
obtained from the lens edge information (1Z,,. rZ,) obtained
in Step 2-2.

First, the radius vector information (r, o,. r, 0,) is
transformed into a rectangular coordinate. From the respec-
tive lens edge information (1Z,.17,). ({Z,.1Z,). 1Z,,1rZ,) and
1Z.,. 17.,) of four arbitrary points (X,.Y,). (X,. Y,), (X;5. Y3)
and (X,. Y,). the front surface curve and the center are
obtained.

In the following expressions, (a. b, ¢) expresses a center
coordinate of the curve; and R expresses a radius of the

CUIrve.
{a = DIJD
b= DJD

c = Dy/D
R= \1 (X1 —ay + (X1 - bP + (IZ, — ¥

wherem
(Xi—-Xa) (Y1-Y) ({Zi—1Z)

D=(X1-X3) (Y2—-Y3) (lZi-1Z)
(X1—-Xy) (Ya—-Ys) (IZ;-124)

Ki (1-Y2) (lZh-1y)
D =|Kx (N2—-Y3) (l£y-1)
Ky (a-Ye) (1Zy-1Z9)

(X2 -X2) + (Y2 - Y22y + (127 - 1Z77)

Ky 5
(X2 — X35+ (Y2 - Y32) + (12 ~ [Z5%)
Kzz e ————————— A " T g
2
(X2 - XA+ (Y2 - Y@+ (122 - 1Z24)
Koo
X1—-X2) K\ (IZ,-1Z)
D =| (X1—X3) K2 (IZy-1s)
Xi—X9) K3 (Z-14y)
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-continued
(Xi—X2) (Yi—-7%2) K,
Dy=| (X1—-X3) (Y2~-¥3} K
(Xi— X4y (2—-7Y4) K3

Next, 1Z is all substituted by rZ. and the rear surface curve
and the center are obtained. The tapered edge curve Is
obtained on the basis of such information.

The tapered edge curve is a curve depicted by the apex of
a V-shaped groove on the outer periphery of the lens which
is formed for lens fitting. Generally. a curve along the front
surface curve is preferred. However, if the tapered edge
curve is too sharp or too dull. it is inconvenient for fitting the

lenses in the frame. Therefore, when the front surface curve
value is in a certain range. the same curve as the front

surface curve is used as the tapered edge curve. The position
of the tapered edge apex is determined to be rearwardly
displaced for a certain amount from the lens front-surface
edge position. The center of the curve is established on the
line connecting the center of the front surface curve and the
center of the rear surface curve.

When the tapered edge curve value exceeds the predeter-
mined range, yZ, is obtained. on the basis of the lens edge
information (1Z. 1Z_). from the following expression:

12, 4+(r2,~12 )R/ 10=yZ,

In this case, when R=4, it means the same as establishing the
lens edge thickness with a rate 4:6.

When the curve along the front surface curve can be
obtained. its data are expressed as (r.8,. y,Z,). When it 1s
impossible. the data obtained with R=4 are expressed as
(r.0,. y,Z,) and regarded as the tapered edge data.

Step 2- 4

The tapered edge configuration obtained in Step 2-3 1s
displayed in the display section 3.

The frame configuration is shown in the display section 3
from the radius vector information (r; o,.. 1, 6,,). and also, a
rotary cursor 30 having the center at the processing center is
indicated. A tapered edge cross section 32 at the position
where the cursor abuts against the frame configuration is
shown in the left side of the panel. The cursor rotates to the
right while the (+) switch is pressed. and it rotates to the left
while the (-) switch is pressed. The tapered edge cross
section at the position of the cursor is displayed constantly.

When the rotary cursor is at a position indicated by a rim
thickness measuring position mark 31, a rim position mark
33 is shown on the upper left side of the tapered edge cross
section.

The tapered edge position is the position where the lens
front surface has a predetermined relation with the rim front
surface on the basis of the measured rim thickness.

Step 2-5. 2-6

When there is no problem after checking the tapered edge
curve, the start switch 400 is pressed again to start process-
ing.

In accordance with the designation in Step 1-4, the
carriage is moved by the motor 714 in such a manner that the

lens to be processed will be located above the rough abrasive
wheel 60c for the plastic lens when the lens is made of

plastic and above the rough abrasive wheel 60a for the glass
lens when the lens is made of glass.
After rotating the abrasive wheel, the lens is moved by the

motor such that the distance L between the abrasive wheel
rotational center and the lens processing center becomes L |

in the processing correction information (L;. £;, 8,) read from



Re. 35.898

19

the frame data memory. Then, when the processing end
photoswitch 727 is turned on. the lens is rotated such that the
angle becomes £,. and simultaneously, it is moved such that
the distance L. becomes L,,.

The above-described operation is repeatedly performed
on the basis of (L. &) (i=1. 2. 3 ... N). Thus. the lens is
processed into the configuration corresponding to the radius
vector information (r, 0,. 1, 0,).

Step 2-7. 2-8. 2-9

After the lens is detached from the abrasive wheel by the
motor 728, the lens is moved to the position above the
tapered edge abrasive wheel by the carriage moving motor
714.

Subsequently. the the locus of the tapered edge curve
(1,0,.1,0,. yZ ) is obtained from the radius vector infor-
mation r,0,,. 1,0,,) and the tapered are calculated. By adding
them. the peripheral length of the the locus of the tapered
edge curve is approximately obtained and expressed as 7.

Then, the size correction amount A is obtained.

=Ry T2 1

(nsPeripheral length of eyeglass contour)

Further. the tapered edge machining information (L', E,.
Z;) 1s obtained after the size correction and stored in the
frame data memory. In this case.

L'=L-A

‘The tapered edge is processed while controlling L'; by the
motor 728. ; by the motor 721, and Z, by the motor 714
simultaneously in the order of i=1, 2. 3 ... N on the basis
of this information.

Step 3-1

In the case where the grinding mode is the plane process-
ing mode, in accordance with the designation in Step 1-4, the
carriage 1s moved by the motor 714 in such a manner that the
lens to be processed will be located above the rough abrasive
wheel 60c for the plastic lens when the lens is made of
plastic and above the rough abrasive wheel 60a for the glass
lens when the lens is made of glass. After rotating the
abrasive wheel, the lens is moved by the motor 728 such that
the distance L between the abrasive wheel rotational center
and the lens processing center becomes L, in the processing
correction information (L,. &,. 0,) read from the frame data
memory. Then, when the processing end photoswitch 727 is
turned on, the lens is rotated such that the angle becomes £.,.
and simultaneously, it is moved such that the distance L
becomes L,. The above-described operation is repeatedly
performed on the basis of (L. &) (i=1, 2,3 .. . N). Thus, the
lens is processed into the configuration corresponding to the
radius vector information (r, d,. r, 6,).

Step 3-2. 3-3

After the lens is detached from the abrasive wheel by the
motor 728. the lens LE is moved to the position above a
plane portion of the tapered edge abrasive wheel 60c by
means of the carriage moving motor 714. Then, the outer
periphery of the lens LE is finished in the same method as
Step 2-8 and the following steps.

This is an explanation on the principle of the operation.
Needless to say, therefore, various alterations can be applied
in accordance with a degree of automatization.

Although one embodiment of the present invention has
been described heretofore, it is obvious to those who are
skilled in the art that the embodiment can be easily modified
with the same technical concept as the invention. and that
such modifications are included in the range of the inven-

f10n.
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According to the present invention, as described above.
one of the important factors for effectiveness in fitting the
lenses in the frame that the peripheral length of the locus of
the tapered edge curve is equal to the peripheral length of the
three-dimensional eyeglass contour is taken into consider-
atton. The lenses can be fitted in the eyeglasses frame by
correcting errors of the peripheral length owing to a differ-
ence between a curve R of the lens frame and the tapered
edge curve which is often caused in general lens fitting
operation, by adjusting the frame to the tapered edge curve
when the eyeglasses frame is made of a flexible material,
and by modifying the curve R of the frame prior to the lens

fitting operation when the frame material is not flexible.
What is claimed is:

1. A lens periphery processing apparatus for processing
peripheries of lenses so as to fit the lenses in an eyeglasses
frame, comprising:

input means for inputting the configuration of lens frame
portions of said eyeglasses frame which is a result of
three-dimensional measurement;

calculation means for deriving peripheral lengths of the
lens frame portions from the three-dimensional lens
frame portion configuration inputted by said input
means:

tapered edge curve determining means for determining a
curve [value] defined by the locus of the tapered edge
of each lens; and

computing means for computing the locus of the tapered
edge of each lens which substantially coincides with
the peripheral length of the associated lens frame
portton which is obtained by said calculation means.

2. A lens periphery processing apparatus according to
claim 1, which is connected. through an interface. to an
cyeglasses frame configuration measurement device for
three-dimensional measurement of the lens frame portions
of the eyeglasses frame.

3. A lens periphery processing apparatus according to
claim 1, wherein said tapered edge curve determining means
remove warp elements of the frame from the three-
dimensional lens frame portion information and process it
into two-dimensional lens frame portion information in the
radius vector direction. and said tapered edge curve deter-
mining means determine the tapered edge curve [value] on
the basis of lens edge information of each lens to be
processed at a position corresponding to said two-
dimensional lens frame portion information thus processed.

4. A lens periphery processing apparatus according to
claim 3, wherein said computing means comprise means for
deriving a difference between the peripheral length of the
locus of the determined tapered edge curve and the periph-
eral length in said three-dimensional lens frame portion
information. and obtaining a correction amount of the posi-
tion of the tapered edge for correcting said peripheral length
difference.

S. A method for obtaining processing data of a lens
periphery processing apparatus for fitting lenses in an eye-
glasses frame, comprising:

a first step of three-dimensional measurement of the
configuration of lens frame portions of said eyeglasses
frame;

a second step of deriving peripheral lengths of the lens
frame portions of said eyeglasses frame on the basis of
the data obtained in said first step;

a third step of measuring the lens edge thickness and the
lens curve of each lens to be fitted in the frame:

a fourth step of determining the curve [value] defined by
the locus of the tapered edge on the basis of the data

measured 1n said third step; and
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a fifth step of calculating control data of the lens periphery a third step of measuring the lens edge thickness and the
processing apparatus such that the peripheral length of lens curve of each lens to be fitted in the frame;
the locus of the tapered edge determined in said fourth a fourth step of determining the curve [value] defined by
step substantially coincides with the peripheral length the locus of the tapered edge on the basis of the data
of the associated lens frame portion of said eyeglasses 35 measured in said third step:
frame. a fifth step of calculating control data of a lens periphery

processing apparatus such that the peripheral length of
the locus of the tapered edge determined in said fourth
step substantially coincides with the peripheral length
of the associated lens frame portion of said eyeglasses

6. A lens periphery processing method for processing
peripheries of lenses so as to fit the lenses in an eyeglasses
frame. comprising:

a first step of three-dimensional measurement of the 10

_ . : frame; and
Cﬂﬂﬁg_umu‘:’ﬂ of lens frame portions of said eyeglasses a sixth step of controlling the lens periphery processing
frame; apparatus on the basis of the control data obtained in
a second step of deriving peripheral lengths of the lens said fifth step.

frame portions of said eyeglasses frame on the basis of
the data obtained in said first step; I S T
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