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METHOD AND APPARATUS FOR MEASURING THE EDGE THICKNESS OF A SPECTACLE LENS

BACKGROUND OF THE INVENTION:
Field of the invention

This invention relates to a method and an apparatus for measuring the edge thickness of a spectacle
lens.

Description of the Prior Arf:

An example of a conventional method and apparatus for measuring the edge thickness of a lens is in
detail described in Japanese Patent Application No. SHO 60-115079 as a component of a lens grinding
apparatus disclosed by the same applicant as in the present application.

This conventional apparatus for measuring the edge thickness is constituted such that the thickness can
be measured based on the lens rim shape of the spectacle frame measured by the frame shape measuring
device 10 as shown schematically in Fig. 6. The edge thickness measuring apparatus is shown as a block
diagram in Fig. 7.

The frame shape measuring apparatus 10 has a symmetric rotator with hexagon-sectional shapes
shaped feeler 11 mounted rotatably in the tip. The feeler 11 is connected with a feeler arm 12, which is
rotatable about the axis of the perpendicular line As through the edge of contact 11a of the feeler 11,
supported by a feeler supporting base 13. And the base 13 is mounted on the rail 14 turned round by a
pulse motor 16 and movable by elasticity of a spring 15 fixed to another edge (not shown) of the rail 14.
The pulse motor 16 can work by the pulse from a pulse generator 17.

When the edge of contact 11a of the feeler 11 is abutted on the V-edge groove Vi, the moving amount
p1 of the feeler 11 is detected by a detector 19 constituted of either an encoder or a position sensor. The
detected moving amount p1 is memorized in a lens rim shape memory 18 together with a supply pulse 61
to the pulse motor 16.

The moving amount p; of the feeler and the rotational amount of the arm, i.e. the radius vector angle 6;
are memorized as a radius vector information (p;, ;) (i=0,1,2,3...N) of the lens rim F in the lens rim shape
memory 18. The moving amount ps of the feeler is measured over the V-edge groove all around of the lens
rim F.

As shown in Fig. 7, the edge thickness measuring apparatus comprises an edge thickness sensor
portion 20 and an electric circuit portion 30. The sensor portion 20 includes a lens feeler supporting
member 22, which is moved on the guide rail 21 by the driving of a feed screw 26. The screw 26 is rotated
by the pulse motor 25. A material lens L is held between lens rotating shafts 28,28 and then the lens L is
rotated by the rotation of the shafts 28,28 caused by the driving of the pulse motor 29. The lens feeler
supporting member 22 includes lens feslers 23A,23B and detectors 24A,24B. The detectors 24A,24B are
constituted of springs 25A,25B for pulling the lens feelers 23A,24B, and encoders or position sensors for
detecting the moving amount of the feelers 23A,23B.

The pulse based on the length p; of the radius vector of the radius vector information (p;, 6;) of the lens
rim F is supplied into the pulse motor 25, and the feelers 23A,23B moves inside the lens feeler supporting
member 22. This movement determines the position of the lens feelers 23A,23B at the point having the
length p; of the radius vector from the axis of rotation of the lens rotating shafts. The length p; of the radius
vector is memorized in the lens rim shape memory 18. On the other hand, the puise based on the rotary
angle (radius vector angle) ; is supplied to the pulse motor 29 and then the lens rotating shafts 28,28 are
rotated. This rotation of the shafts 28,28 produces the rotation of the material lens L by the rotary angle 9;
from the reference position. The lens feeler 23A is moved by the elasticity of the spring 25A and then
abutted on the front side refraction surface LF of the material lens L. The moving amount ¢Z; is detected by
the detector 24A and memotized in a lens data memory 31. In the same way, the lens feeler 23B is moved
by the elasticity of the spring 25B and then abutted on the back side refraction surface LB and the moving
amount pZ; is detected by the detector 24B and memorized in a lens data memory 31. This detection is
carried out as to all the radius vector informations (p;, 8;) (i=0,1,2,3...N), and the front side refraction
surface position information (;Z;, ¢;) and the back side refraction surface position information (2 6;)
(i=0,1,23,...N) on the radius vector shaped locus (p;, ;) of the lens rim are memorized in the lens data
memory 31.

A first arithmetic circuit 32 of an electric circuit portion 30 mounted in the edge thickness sensor portion
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20 calculates the edge thickness information (A;, 6;) (i=0,1,2,3,..N) of the lens L on the radius vector
shaped locus (p;, 6;) based on the front side refraction position information (:Z;, 6;) and the back side
refraction position information (,Z;, 8;). Furthermore, the maximum edge thickness Ama and the minimum
edge thickness Ap, are counted up from the edge thickness information (4;, 6;), and a beveled V-edge
(groove) apex position information (kZi, pi 8) (i=0,1,2,3,...N) to form a V-edge in the edge surface of the
lens is automatically calculated based on the two values Apax and Amy,. In the above mentioned way, the
lens L is automatically ground. And formed is a configuration that the sectional shape of the lens L is
graphically displayed on a display 33.

As shown in Fig. 7, the positions of the contact of the lens feelers 23A,23B with the lens L is taken on
the tangent line Q through the V-edge apex Y formed in the V-edge grinding of the lens. And the edge
thickness A; on the tangent line Q is calculated by the first arithmetic circuit 32.

The radius of curvature R of the front surface of the lens L is different from that of the back(rear)-
surface, and the edge thickness of the base B of the edge surface of the lens L to form a V-edge is exactly
A' Therefore the calculation of the treated V-edge apex position information («Z;, pi, ;) not based on the
edge thickness A of the base B is inaccurate.

And thus, the positions of the lens feelers 23A,23B are moved to those of 237 23B when the edge
thickness is measured, as shown in Fig. 8. More detailedly, the positions of the lens feelers 23A,23B on the
radius vector locus (p;, 6;) is moved to the positions pil = pi-Hy where p; is the length of the radius vector
and H is the depth (or height) of the peripheral ridge, because the V-edge groove bottom YG and the base
YB of the V-edge grinder G of a lens grinding apparatus are a ready known. By this movement, measured
is the edge thickness of the base B of the edge surface formed in the lens L at the time when the lens L is
ground with the V-edge grinder G. And V-edge apex position information (xZi, pi, 6;) is calculated based on
the edge thickness Ai' when the lens is ground with the grinder G. As shown in Fig. 9, however, there is a
problem that the V-edge (V-ridge) formed actually on the lens L is an inadequate V-edge in case the edge
thickness is smaller than the width (W) of V-edge groove of the grinder G, because the edge surface K of
the lens L to grind actually is displaced from the position of the measured edge surface KM owing to the
difference between the radius of curvature R; of the front surface of the lens L and the radius of curvature
R, of the back surface, in case even if the V-edge apex position information (xZ;, pi, 8;) is obtained based on
the edge thickness Ai' measured by the above method such that the V-edge apex Y is formed at the point
where the edge thickness is divided in the ratio of one to one, for example.

SUMMARY OF THE INVENTION

The first means of the present invention is characterized in the following six steps for resolving the
above mentioned problem.

The first step is an input of the all round radius vector information (p;, 6;) of the spectacle frame lens rim
for framing the lens to grind. The second step is the obtainment of the all round measuring vector radius
information (pil, 6;) by subtracting the V-edge depth (H) of the grinder for grinding the above lens from the
length (p;) Of the radius vector of the all round radius vector information (p;, 6;) in the first step. The third
step is the measurement of the edge thickness (A;) of the lens over the all round of the radius vector locus
of the lens rim based on the all round measuring radius vector information (p,, 8;) (j=i) for measuring
narrower edge thickness (4;) than the width (W) of the grinding base by comparing the width (W) of the
grinding base of the grlnder with the edge thickness measured in the third step. The fifth step is the
obtaining of the length (pJ ) of the re-measuring radius vector of the partial re-measuring radius vector
information (pJ , 6;)} (with j<i) by the following formula:

ps” =ps +dy
A
d,j':(l_—_—)'H
W
(with j=1)

And the sixth step is the partial re-mg’asurement of the edge thickness of the lens based on the part re-

measuring radius vector information (p; , 9)).
The second means of the present invention is characterized in the following five steps.
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The first step is the input of the radius vector information (p;, 6;) of the spectacle frame Iens rim for
framing the lens. The second step is the obtaining of the measuring radius vector information (p,, 8;) by
subtracting the V-edge depth (H) of the grinder for grinding the lens in the first step from the length (p;) of
the radius vector of the radius vector information (p;, ;) in the first step. The third step is the successxve
measurement of the edge thickness of the lens based on the measuring radius vector information (p. , 6y).
The fourth step is the obtaining of the edge thickness of the lens by comparing the width (W) of the
grinding base of the grinder with the edge thickness (A;) measured in the third step. In case the measured
edge thickness (&) of the j-th (in the order of) measuring radius vector information (p. , 8;) is narrower than
the width (W) of the grinding base, the edge thickness (A1) of the lens is measured by the compensated
measuring radius vector information (rj+1, 8j+1) obtained by the following formulas:

Tge1= pa+1 +1ti

A
t1=(1— ’

)-H

where 7;.1 is the compensated radius vector length and p;.1 is the measured radius vector length (j+1)th in
order from the grinding depth (ll) of the grinder. An the fifih step is the sequent measurement of the edge
thickness (Aj+m) (With m=2,3,4,..M, M<N) in case of the narrower measured edge thickness (A;.1) than the
preceding measured edge thickness (A;). That is, if it has proved that the measured edge thickness (4;+1) is
narrower than the measured edge thickness (A;) measured immediately before the thickness (Aj++), the
compensated measuring radius vector information (7j+m, 8j+m) is first obtained by the following formulas:

T 3j+m™— p.j+m, +tm

AJ+m
ta= 2= (1 —=———)-H

A J+m-1

where (7j.1) is the compensated radius vector length, (pj+m) is the measured radius vector length for the
succeeding measuring radius vector information (p]+m, 8j+m) (with m=234,..M,M < N), and H is the V-
edge depth of the grinder. And then the edge thickness (A;.m) of the lens is successively measured based
on the measuring radius vector information (rj+m, 9j+m) until the measured edge thickness (Aj:m.1) just
before the thickness (Aj+m) has a wider width than the width (W) of the grinding base.

The third means of the present invention is characterized in the following means. A first means is an
input means for inpuiting the all round radius vector information (p;, 8;) of the spectacle frame lens rim for
framing the lens. A second means is an arithmetic means for obtaining the all round measuring radius
vector information (p,', 8;) by subtracting the V-edge depth {H) of the grinder for grinding the lens from the
length (p;) of the radius vector of the all round radius vector information (p;, 8;). This arithmetic means is
constituted such that the length (,oJ ) of re-measuring radius vector of the partial re-measuring radius vector
information (p, , 8) (with j<i) is obtained by the following formula:

ps” =ps +ds

AR

d,j= (1"‘

)-H

(with j=1)

A third means is an edge thickness measuring means for measuring the edge thickness (A;) of the lens over
the all round pf the radius vector locus of the lens rim based on the all round measuring radius vector
information (p; , 6;). This edge thickness measuring means is constituted such that the edge thickness of the
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lens is measured again and partly based on the partial re-measuring radius vector information (pj", ). A
fourth means is a memory means for memorizing the width (W) of the grinding base of the grinder
beforehand. A fifth means is a comparison means for comparing the width (W) of the grinding base with the
measured edge thickness (A;) and obtaining the partial measuring radius vector information (pl , 85} (with j<i)
for the edge thickness (A)) narrower than the width (W) of the grinding base.

The fourth means of the present invention is characterized in the following means and constitutions. A
first means is an input means for inputting the radius information (g, 6;) of the spectacle frame lens rim for
framing the lens. A second means is an arithmetic means for obtaining the measuring radius vector
information (pi,, 9,) by subtracting the V-edge height (H) of the grinder for grinding the lens from the radius
vector length (p;) of the radius vector information. A third means is an edge thickness measuring means for
successively measuring the edge thlckness of the lens over the radius vector locus of the lens based on the
measuring radius vector information (p. , 8). A fourth means is a memory means for memorizing the width
(W) of the V-edge of the grinder beforehand. A fifth means is a comparison means for in order comparing
the measured edge thickness (A;) with the width (W) of the grinding base. If the comparison means judges
that the measured edge thickness (4;) of the j-th (in the order of) measuring radius vector information (pj,,
9;) is narrower thari the width (W) of the grinding base, the arithmetic means if constituted such that the
compensated measuring radius vector is obtained by the following formulas:

Tae1=pPpa+1 Tt

Ay
t1=(1——)H
W

where (rj.1) is the compensated radius vector length, and (p;+1) is the (Aj+1) th measuring radius vector
length. The edge thickness measuring means measures the edge thickness (A1) of the lens based on the
compensated measuring radius vector information (rj+1, 8;+1). And if the comparison means has judged that
the measured edge thickness (A;+1) is narrower than the thickness (4;) measured immediately before the
thickness (A;.1), the arithmetic means obtains the compensated measuring radius vector information (7j+m,
i+m) by the following formulas:

T i+n— P J+m, +tm

where (7j.m) is the compensated radius vector length (p,+m) is the measured radius vector length of the
succeeding radius vector information (p,+m , Bj+m) (With m=2,3,4,..M, M<N), and H is the V-edge height of
the grinder. And the edge thickness measuring means measures the edge thickness (Aj.r) of the lens
based on the compensated measuring radius vector information (rj+m, 8j+m) until the measured edge
thickness (Aj+m.1) immediately before the thickness (A;j+m) is wider than the width (W) of the grinding base.

These and other objects, features and advantages of the present invention will be well appreciated upon
reading of the following description of the invention when taken in conjunction with the attached drawings
with understanding that some modifications, variations and changes of the same could be made by the
skilled person in the art to which the invention pertains without departing from the spirit of the invention or
the scope of claims appended hereto.

BRIEF DESCRIPTION OF THE ATTACHED DRAWINGS

Fig. 1 is a block diagram showing an embodiment of an edge thickness measuring apparatus according
to the present invention;

Fig. 2 is a partly diagrammatic sectional view showing a measuring radius vector, a partial re-measuring
radius vector, a lens feeler, and a relation between a measured edge thickness and a grinder's shape,
each for describing a first embodiment of an edge measuring method according to the present invention;
Figs. 3A and 3B are schematic illusirations showing a measuring radius vector, and a relation among the
partial re-measuring radius vector and the measured radius vector locus and the partial re-measured
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radius vector locus, sach for explaining the first embodiment of a edge thickness measuring method;

Fig. 4 is a schematic illustration showing the measuring radius vector, and a relation among the

compensated measuring radius vector and the measured radius vector locus and the compensated

measured radius vector locus, each for explaining the second embodiment of an edge thickness

measuring method;

Fig. 5 is a schematic illustration showing the compensated measured points and the lens feeler at the

points, and a relation between the measured edge thickness and the shape of the grinder, sach for

explaining the second embodiment of an edge thickness measuring method;

Fig. 6 is a block diagram showing a constitution of a conventional frame shape measuring apparatus;

Fig. 7 is a block diagram showing a constitution of a conventional edge thickness measuring apparatus;

Fig. 8 is a schematic illustration showing the measuring radius vector and the lens feeler, and a relation

between the measured edge thickness and the shape of the grinder for explaining a conventional edge

thickness measuring method;

Fig. 9 is a schematic diagram showing a relation between the measured edge thickness and the edge

shape ground by the grinder according to a conventional edge thickness measuring method.
DESCRIPTION OF THE PREFERRED EMBODIMENT

The preferred embodiment of the present invention wiil be described hereinafter with reference to the
accompanying drawings.

Fig. 1 is a block diagram showing a constitution of the embodiment of the edge thickness measuring
apparatus according to the present invention. In this embodiment, employed are the identical characters to
the same of similar components as the components in the conventional edge thickness measuring
apparatus (mentioned above) disclosed in Japanese Patent Application No. SHO 60-115079, in order to
avoid duplication of the explanation. A first arithmetic circuit 32 in Fig. 1 calculates an edge thickness
information (A;, 8;) from a front and back surface position informations (:Z;, 6;), (bZi, 9;) of a material lens L
as a lens to grind which is detected by detectors 24A,24B. This first arithmetic circuit 32 also connects with
a comparison circuit 41. The comparison circuit 41 connects with a grinder shape memory 42 which keeps
memotizing an already-known V-edge base width W and a V-edge height H.

The second arithmetic circuit 43 connects with a lens rim shape memory 18 of a frame shape
measuring apparatus 10, the comparison circuit 41, and the grinder shape memory 42. The lens rim shape
memory 18 memorizes the all round radius vector information (hereinafter referred to as radius vector
information, for brevity) (p;, 6;) (with i - 0,1,2,3,...N) can be identical with a value measured by the frame
shape measuring apparatus 10 such as the conventional apparatus disclosed in Japanese Patent Publica-
tion No. SHO 60-115079, or with data memorized in 2 memory means such as a floppy disk or an IC card,
or with data from a framemaker or the agent by the on-line information processing system. ’

The length p; of the radius vector of the radius vector information (p;, 8;) (with 1=0,1,2,3,...N) of the lens
rim from the lens rim shape memory 18 is input in a second arithmetic circuit 43, which subtracts the V-
edge height H memorized in the grinder shape memory 42 from the length p; and obtains, as shown in Fig.
2, the length pi’ of the measuring radius vector of the all round measuring radius vector information
(h,ereinafter referred to as measuring radius vector information) (pil, 6;) by the following formula:
pi =perH (1)

The memory 18 and the second arithmetic circuit 43 act as an input means and an arithmetic means,
respectively.

The length (pil) obtained is input in a pulse motor 29. The pulse motors 25,29 are driven and controlled
by the second arithmetic circuit 43, corresponding to the measuring radius vector information (Pi,, ;). The
driving of the pulse motors 25,29 makes the lens feelers 23A,23B move to position them (23A,23B) at the
measuring point p; (as shown in Figs. 3A,3B). The feelers 23A,23B positioned there abut on the lens L by
elasticity of the springs 25A,258B.

The moving amount of the lens feelers 23A,23B is detected in terms of the front and back surface
position informations (:Z;, 81), (,Zi, 0;) of the lens L by the detectors 24A,24B. And then, as shown in Figs.
3A,3B, the first arithmetic circuit 32 calculates the A; of the edge thickness information (A, 6;) of the lens L
at the measuring point i on the basis of the information (:Z;, 8;), (bZ;, 6;) as follows:

Ai=pZiiZi  (2)

The measurement of the edge thickness is carried out over the all round of the radius vector locus S to be
measured, that is, all of the measuring points from the 0-th measuring point to the N-th measuring point.
The first arithmetic circuit 32 acts as an edge thickness measuring means.

The edge thickness information (A;, 8;) (with i1=0,1,2,3,...N) calculated by the first arithmetic circuit 32 is
compared with the width (W) of the V-edge base of the V-edge grinder G memorized in the grinder shape
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memory 42 by the comparison circuit 41. And selected is a measuring radius vector having an edge
thickness narrower than the width W. The grinder shape memory 42 acts as a memorizing means and the
comparison circuit 41 acts as a comparing means.

Fig. 3A shows the lens L as a minus lens. In this case, selected are a partial measuring radius vector
information (AJ , 8) (with j= a,a+1,a+2,.b-1,b) which defines the partial measunng locus Sy of measuring
points P, and Py,, and a partial measuring radius vector information (p,, 8 (with j=c,c+1,c+2,..d-1,d)
which defines the partial measuring locus S of a measuring points P; and Py.

Fig. 3B shows the lens L as a pius lens. In this case, selected are a partial measuring radius vector
information (pj, 9;) (with j=c,c+1,c+2,.d-1,d) which defines a partial measurlng locus Sz of measuring
points P, and Py, and a partial measuring radius vector information (pJ, 8) (with j=g,g+1,g+2,.h-1,n)
which defines a partlal measuring locus Se¢ of measuring points Ps and Py. And these measuring radius
vector lengths pJ and edge thicknesses A; are input into the second arithmetic circuit 43.

Referring to Fig. 2, if the edge thlckness A; is approximately equal to the edge thicknesses Al , the
proportion of H to W is:

H:W=H-d):4 @)
where H is a V-edge height and W is a V-edge base width of a V-edge grinder G and d; is a compensated
amount. And therefore, the amount dj is:

The second arithmetic circuit 43 obtams the length pJ' of a re- measunng radius vector of the partial re-

mpasunpg radius vector information (pJ , 8;) by employing the length p; and the above amount d; as follows:
o =p *d (B)
And then the second circuit 43 inputs the re-measuring radius vector length pJ " to the pulse motor 25 and
the re-measuring radius vector angle ¢; to the pulse motor 29. The pulse motors 25 28 dnven and controlled
based on these inputs move the lens feelers 23A and 23B to the positions 237, 23B’ as shown in Fig. 2.
By thus movement, the lens feelers 23A and 23B measure the front and back surface position informations
(fZ] . 8y, (bZJ , ;) of the lens L on the partial re-measuring loci T through S as shown in Figs. 3A and 3B.

After the measurement of the informations, the calculation of the V-edge apex position, the display of
the image, the determination of the radius vector for grinding, and the grinding are each carried out in the
circuit (not shown), as disclosed in the above mentioned Japanese Patent Application No. SHO 60-115079.

Figs. 4 and 5 are schematic illustration showing another edge thickness measuring method with the
above mentioned edge thickness measuring apparatus.

First, all kinds of the length of the radius vector of the radius vector information (p;, ;) (with i=0,1,2,...N)
from the lens rim shape memory 18 are input io the second arithmetic circuit 43. The second circuit 43
obtains the measuring radius vector information (p,, 8y (with i=0,1,2,...N) by the formula (1), that is, by
subtracting the V-edge height memorized in the grinder shape memory from all () s

Second, the second arithmetic circuit 43 inputs the 0-th measuring radius vector (py ) in the pulse motor
25 and the O-th radius vector angle (85). The driving of the pulse motors 25,29 makes the lens feelers
23A,23B move to the measuring point P, (see Figs. 3A and 3B). The lens feelers 23A,23B at the point P
abut on the lens L by elasticity of the springs 25A,25B. The moving amount of the lens feelers 23A,23B are
detected as the O-th front surface position information (1Zs, 6s) and the O-th back surface position
information (sZy, 64) of the lens L by the detectors 24A,24B. The first arithmetic circuit 32 calculates the Ay
of the 0-th edge thickness information (A 4, 85) at the 0-th measuring point Py from the informations (+Z4,
84), (62, 0g). The lcalculation is performed by the following formula similar to the (2) :

Bo=vZsiZs  (2)

And then, the 0-th edge thickness information (Ag, 64) calculated by the first circuit 32 is compared with
the V-edge base width W of the V-edge grinder G memorized in the grinder shape memory 42.

The 0-th edge thickness Ay is broader than the V-edge base width W in the example of Fig. 4.
Therefore, the second arithmetic circuit 43 inputs the length p. of the 1st measuring radius, vectorwhich
follows the O-th thickness into the pulse motor 25 and the first radius vector angle 61, into the pulse motor
29. And the lens feelers 23A,23B are moved fo and placed at the first measuring position P1.

The moving amounts of the lens feelers 23A,23B are detected in terms of the first front surface position
information (;:Z1, 61) and the first back surface position information (,Z1, 61) of the lens L by the detectors
24A,24B. And the first arithmetic circuit 32 calculates the Ay of the first edge thickness information (A1, 1)
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at the first measuring point P1 from the information (:Z1, 61), (,Z1, 61) the same as (2').

Next, the first edge thickness information (A4, 61) calculated by the first arithmetic circuit 32 is
compared with the V-edge base width W of the V-edge grinder G memorized in the grinder shape memory
42 by the comparison circuit 41. The first edge thickness A is broader than the V-edge base width W in
the example of Fig. 4. The same procedures are in order followed to the j-th measuring radius vector
information (pJ', 6;) judged that the edge thickness A; is narrower than the V-edge base width W. If the
companson circuit 41 judges that the j-th edge thlckness 4 in the j-th measuring radius vector information
(p] , 8j) is narrower than the V-edge base width W as shown in Fig. 5(a), the second arithmetic circuit 43
changes the length pj«q of the (j+1)th measuring radius vector of the (j+1)th measuring radius vector
information (p;+1, 8j+1) into the first compensated radius vector length 7.1 as shown in Fig. 4.

The first compensated amount t1 is obtained the same as the formula (4):

A
ty=(1— )-H ....(6)

W

where W is the width of the V-edge base of the V-edge grinder G and H is the V-edge height. And the first
compensated radius vector length 7j+q is :
Tj+1=pje1 + {7)

The second arithmetic circuit 43 inputs the first compensated radius vector length 7.4 info the pulse
motor 25 and the first compensated radius vector angle 6;.1 (equivalent to the (j+i}th measuring radius
vector angle 6;+4) into the pulse motor 29. And the lens feelers 23A and 23B are moved to the position of
the first compensated measuring point T+ in Figs. 4 and 5(b) based on these inputs.

And then the first arithmetic circuit 32 obtains the j+1 edge thickness A;.q from the front and back
surface position informations of the lens L at the first compensated measuring point Tj.4. The comparison
circuit 41 compares the (j+ 1)th edge thickness A1 with the j-th edge thickness A; preceding to Aj++.

If the (j+1)th edge thickness Aj.1 is narrower than the j-th edge thickness A; just before the Aj.q as
shown in Flg 5(b), the second arithmetic circuit 43 changes the followmg (i + 2)th measuring radius vector
length pj+2 of the (j+2)th measuring radius vector information (p,+2, 8j+2) into the second compensated
radius vector length ;. as shown in Fig. 4.

Therefore, the second compensated amount t; is obtained the same as the formula (6). That is :

and the second compensated radius vector length ;.5 is:
Tjrz = p,+z + (t+t2)  (9)

The second arithmetic circuit 43 inputs the second compensated radius vector length 7;.» into the pulse
motor 25 and the second compensated radius vector angle 8;+» (equivalent to the (j +2)th measuring radius
vector angle 6j+») into the pulse motor29, respectively. The lens feelers 23A,23B move to the second
compensated measuring point Tj.» shown in Fig. 4 and Fig. 5(c) based on these inputs.

After the measurement of the front and back surface position informations of the lens L at the second
compensated measuring point Tj., the first arithmetic circuit 32 obtains the (j+2)th edge thickness Aj;..
The comparison circuit 41 compares the (j+2)th edge thickness Aj., with the (j+1)th edge thickness
preceding to the (j +2)th thickness.

If the (j+2)th edge thickness A;.; is narrower than the preceding (j+1)th edge thickness as shown |n
Fig. 5(c), the second arithmetic circuit 43 changes the followmg (i + 3)ih measuring radius vector length pj«3
of the (j+3)th measuring radius vector information (p,+3, 8j+3) into the third compensated radius vector
length 7j+3. '

And the third compensated amount ts is obtained the same as in the formula (6). That is :

A g4z

ts =(1-— YoH ... (10)

J+1
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where H is the V-edge height of the V-edge grinder G and the Aj.2, Aj+¢ are the edge thicknesses. And the -
third compelnsated radius vector length 7.3 is :
Tie3 = pjeg + (L+t2a+is) (1)

The second arithmetic circuit 43 inputs the third compensated radius vector length 7j.3 into the pulse
motor 25 and the third compensated radius vector angle 6.5 (equivalent to the (j +3)th measuring radius
vector angle 6;.3) into the pulse motor29, respectively. And then the lens feelers 23A,23B are moved to the
third compensated measuring point ;.5 as shown in Figs. 4 and 5(d). And then the lens feelers 23A,23B
are moved to the third compensated measuring point Tj+3 as shown in Figs. 4 and 5(d).

The front and back surface position information s of the lens L as the third compensated measuring
point Tj+3 are measured, and then the first arithmetic circuit 32 calculates the (j +3)th edge thickness Aj+3.
And the comparison circuit 41 compares the (j+3)th edge thickness A;.3 with the preceding (j +2)th edge
thickness Aj. .

If the (j+3)th edge thickness Aj.3 is broader than the preceding (j +2)th edge thickness and narrower
than the V-edge base width W of the V-edge grinder as shown in Flg 5(d), the second arithmetic circuit 43
changes the foIIowmg (i + 4)th measuring radius vector length pj+4 of the (j+4) measuring radius vector
information (p,+4 , 8+4) into the fourth compensated radius vector length 7.4 as shown in Fig. 4.

And the fourth compensated amount 4 is obtained the same as in the formula (6). That is :

A s43

ta ::(1—-— )'H.......(].Z)

A s+z

where H is the V-edge height of the V-edge grinder G and the Aj.3, Aj+3 are the edge thicknesses. And the
fourth compensated radius vector length 7.4 is :

Ti+a = pjea + (bt tla+ly)  (13)

where 14 is the negative number.

The second arithmetic circuit 43 inputs the fourth compensated radius vector length 7j.4 into the pulse
motor 25 and the fourth compensated radius vector angle 8;.4 {equivalent to the (j +4)th measuring radius
vector angle 6;.4) into the pulse motor29, respectively. And then the lens feelers 23A,23B are moved to the
fourth compensated measuring poini T4 as shown in Figs. 4 and 5(e).

The front and back surface position information s of the lens L as the fourth compensated measuring
point Tj+4 are measured,and then the first arithmetic circuit 32 calculates the (j +4)th edge thickness A;. 4.

And the comparison circuit 41 compares the (j+4)th edge thickness Aj.4 with the preceding (j+3)th
edge thickness Aj.s.

If the (j+4)th edge thickness Aj.4 is equal to or broader than the V-edge base width W of the V-edge
grinder G as shown in Fig. 5(e), the following (j + 5)th measuring radius vector information (pj+5 , 8j+5) does
not need to be changed,and the measuring of the edge thickness at the measuring point Tj+5 on the
measuring radius vector locus S as shown in Fig. 5(f) is carried out.

As mentioned above, in case the measuring edge thickness A, first turns narrower than the V-edge base
width W, the following first compensated measuring radius vector length 7;.4 for the (j+1)th measuring
radius vector pj+1' is changed from the first compensated amount 1 of the formula () to the formula (7):

A

=(1— )H ...o....(6)

i

Tag+e1 =Pg+1 Tt e (7)

And the (j+1)th edge thickness is measured at the (j + 1)th measuring point Tj.1 as a changed position.
Referring to the measurement following to the (j+1)th, the second compensated measuring radius
vector length 7j.2 and the measuring edge thickness Aj+m preceding to the ;.2 is changed into the (m)th
compensated measuring radius vector length 7., broader than the V-edge base width W.
The (m)th compensated amount tm in a generalized formula of the formulas (8) through (13) is
expressed as follows : '
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YoH .o (1)

And the (m)t,h compensated measuring radius vector length 7+, is:
Titm = Pjrm T im (15)
(with m=2,3,4,...M. M<N, in both (14) and (15))

In case the measured edge thickness is narrower than the width W of the V-edge base of the V-edge
grinder G as mentioned above, the measurement of the thickness is carried out at the compensated
measuring point on the compensated locus S’ shown with the stitch line in Fig. 4.

And thus,the present invention can provide a method and an apparatus for measuring the edge
thickness of a spectacle lens, which has an advantage to measure more accurately the edge thickness of
the lens narrower than the width of the V-edge base of the V-edge grinder in comparison with the prior art.

Claims

(1) A method for measuring the edge thickness of a spectacle lens comprising:

a first step for inputting an all round radius vector information (p;, 6;) of the spectacle frame lens rim for
framing a lens grind ;

a second step for obtaining an all round measuring vector radius information (pil, 6;) by subtracting the V-
edge depth (H) of the -grinder for grinding said lens from the length (p;) of the radius vector of said all round
radius vector information {p;, 6);

a third step for measuring the edge thickness (A;) of the lens over the all round of the radius vector locus of
the lens rim based on said all round measuring radius vector information (pj’: 6;);

a fourth step for obtaining the partial measuring radius vector information (pjl, 8;) (j=i) for a narrower edge
thickness (A;) than the width (W) of the grinding base by comparing the width (W) of the grinding base of
the grinder with said edge thickness (A;);

a fifth step for obtaining the length (p,-") of the re-measuring radius vector of the partial re-measuring radius
vector information (pj", 8;) (i<i) as follows:

”

ps’ =ps’ +dj

Ay
dy=((1———)-H
W

(with j=1i); and

a sixth step for again and partially measuring the edge thickness of said lens based on said partial re-
measuring radius vector information (pj", 6;)-

(2) A method for measuring the edge thickness of a spectacle lens comprising:

a first step for inputting a radius vector information {p;, 6;) of the spectacle frame lens rim for framing the
lens; )

a second step for obtaining an all round measuring radius vector information (pil, 6;) by subtracting the V-
edge depth (H) of the grinder for grinding said lens from the length (p;) of the radius vector of said radius
vector information (p;, 6i);

a third step for successively measuring the edge thickness (A;) of the lens based on said measuring radius
vector information (pi', 0:);

a fourth step for obtaining the edge thickness of the lens by in order comparing the width (W) of the
grinding base of the grinder with said edge thickness (A;), and for measuring the edge thickness (Aj.+) of
said lens based on the compensated measuring radius vector information (7j+1, 6j+1) obtained by the
following formulas:

10
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T ge1= P aer’ +t

AW
ti=(1——)H
W

where 7,4 is the compensated radius vector length and pj+1 is the (j+4)th measuring radlus vestor length,
in case the measured edge thickness (4;) of the j-th measuring radius vector information (pl » 0)) is narrower
than the width (W) of the grinding base; and

a fifth step for the sequent measurement of the edge thickness (Aj+m) (with m=2,3,4,..M,M < N) in the
following way, in case of the narrower measured edge thickness (4;.1) than the preceding measured edge
thickness (4;), the compensated measuring radius vector information (7j+m, 8j+m) is first obtained by the
following formulas: '

where (7j.m) is the compensated radius vector length, (p”m ) is the measured radius vector length for the
succeeding measuring radius vector information (p,+m, 0j+m) (wWith m=2,3,4,..M, M<N), and H is the V-
edge depth of the grinder, and then the edge thickness (Aj.+m) of the lens is successively measured based
on the measuring radius vector information (7j+m, 6j+m) until the measured edge thickness (Aj+m.1) just
before the thickness (Aj+m) gets wider than the width (W) of the grinding base.

(3) An apparatus for measuring the edge thickness of a spectacle lens comprising:

a first means, which is an input means for inputting the all round radius vector information (p;, 6;) of the
spectacle frame lens rim for framing the lens;

a second means,which is an arithmetic means for obtaining the all round measuring radius vector
information (pi,, 8;) by subtracting the V-edge depth (H) of the grinder for grinding the lens from the length
(p5) of the radius vector of the all round radius vector information (p;, 83),

a third means,which is an edge thickness measuring means for measuring the edge thickness (4;) of the
lens over the all round of the radius vector locus of the lens rim based on the all round measuring radius
vector information (pi’, i),

a fourth means, which is a memory means for beforehand memorizing the width (W) of the grinding base of
the grinder; and

a fifth means, which is a comparison means for comparing the width (W) of the grinding base with the
measured edge thickness (A;) and obtaining the partial measuring radius vector information (pJ » 6)) (with j<i)
as the edge thickness (A;) narrower than the width (W) of the grmdmg base.

said arithmetic means being constituted such that the length (pj) of re-measuring radius vector of the
partial re-measuring radius vector information (pJ , 8)) (with jsi) is obtained by the following formulas:

p.j" =py’ +dy
A,
W
(with i=i);

said edge thickness measuring means being constituted such that the edge thlckness of the lens is
measured again and partly based on the partial re-measuring radius vector information (pJ ) 0

(4) An apparatus for measuring the edge thickness of a spectacle lens comprising:

a first means, which is an input means for inputting the radius information (p;, 8;) of the spectacle frame lens

11
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rim for framing the lens;

a second means, which is an arithmetic means for obtaining the measuring radius vector information (p. , 6)

by subtracting the V-edge groove depth (H) of the grinder for grinding the lens from the radius vector length

(pi) of the radius vector information;

a third means, which is an edge thickness measuring means for successively measuring the edge thlckness

A; of the lens over the radius vector locus of the lens based on the measuring radius vector information (p, .
i)

a fourth means, which is a memory means for beforehand memorizing the width (W) of the V-edge of the

grinder ;

a fifth means,which is a comparison means for in order comparing the measured edge thickness {A;) with

the width (W) of the grinding base, if said companson means judges that the measured edge thickness (4))

of the j-th measuring radius vector information (pI . 8j) is narrower than the width (W) of the grinding base,

said arithmetic means is constituted such that the compensated measuring radius vector is obtained by the

following formulas:

T3+t = pa+r Tt

A
ty=(1———)H
W

where (7;:1) is the compensated radius vector length,and (pj+1) is the (A;.q)th measuring radius vector
length,and the edge thickness measuring means measures the edge thickness (A;.1) of the lens based on
the compensated measuring radius vector information {(7;++, 8;+1), and if the comparison means has judged
that the measured edge thickness (4A;.1) is narrower than the thickness (4;) measured immediately before
the thickness (Aj+4), the arithmetic means obtains the compensated measuring radius vector information
(77+m» 8j+m) by the following formulas:

J+m-1

where (7;:m) is the compensated radius vector length, (p,+m) is the measured radius vector length of the
succeeding radius vector information (pj+m s Bj+m) with m=2,3,4,..M, M<N}, and H is the V-edge depth of
the grinder, and then the edge thickness measuring means measures the edge thickness (Aj.m) of the lens
based on the compensated measuring radius vector information {7j+m, 8j+m) until the measured edge
thickness (A;+m-1} immediately before the thickness (4. ) is wider than the width (W) of the grinding base.

12
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