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(57) ABSTRACT 

Aportable surface inspector comprises a straight guide rail, 
a table engaging the guide rail to be movable along the guide 
rail, a stage engaging the table to be movable in the direction 
of a transverse aXis crossing at right angles With the longi 
tudinal aXis of the guide rail, a non-contact displacement 
sensor ?xed to the stage, a ?rst driving means for driving the 
table, a ?rst coordinate detecting means for detecting the 
longitudinal aXis coordinate of the non-contact displacement 
sensor, a second driving means for driving the stage, a 
second coordinate detecting means for detecting the trans 

(22) Filed; Dec_ 28, 2000 verse aXis coordinate of the non-contact displacement sen 
sor, and a coordinate correcting means for correcting the 

Publication Classi?cation transverse aXis coordinate of the non-contact displacement 
sensor With the de?ection in the direction of the transverse 

(51) Int. Cl.7 ..................................................... .. G01B 5/20 aXis of the guide rail. 
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PORTABLE SURFACE INSPECTOR 

BACKGROUND OF THE INVENTION 

[0001] The present invention relates to a portable surface 
inspector for surface inspection of a ?at body, especially a 
lapping plate. 
[0002] A lapping plate used for precise processing of 
brittle materials, the curved surface of a GMR head, etc. has 
a curved or straight processing surface provided With a ?ne 
spiral groove. The processing surface must be kept in good 
condition macroscopically and microscopically so as to 
maintain high processing accuracy. The processing surface 
must be accurately inspected macroscopically and micro 
scopically so as to keep it in good condition macroscopically 
and microscopically. 

[0003] Surface inspection of the processing surface of a 
lapping plate has been carried out With the folloWing 
inspecting apparatuses. 

[0004] A. Inspection of macroscopic shape of process 
ing surface such as ?atness, sphericity, etc. 

[0005] a. Span gauge 

[0006] b. Three-coordinate measuring machine 

[0007] c. Comparator, Dial gauge 

[0008] B. Inspection of microscopic shape of process 
ing surface such as groove shape, etc. 

[0009] 
[0010] b. Scanning electron microscope 

a. Surface roughness tester 

[0011] There have been the folloWing problems With the 
conventional inspecting apparatuses. 

[0012] Span gauge: Local deformation is liable to be 
overlooked because a span gauge carries out point 
inspection. 

[0013] Three-coordinate measuring machine, Com 
parator, Dial gauge: The processing surface of a 
lapping plate detached from the lapping machine can 
be inspected but the processing surface of a lapping 
plate attached to the lapping machine cannot be 
inspected. 

[0014] Surface roughness tester: Spherical surfaces 
are hard to inspect because the inspectable range in 
the direction of the Z-axis (axis extending in the 
direction of the thickness of a ?at body) is less than 
1 mm. 

[0015] Scanning electron microscope: Wide surfaces 
are hard to inspect because the inspection speed is 
very loW. 

[0016] Contact type surface inspectors such as the span 
gauge, three coordinate measuring machine, surface rough 
ness tester, comparator, etc. cannot carry out accurate 
inspection of the processing surface of a lapping plate made 
of soft metal such as tin and are liable to damage the 
processing surface. 

SUMMARY OF THE INVENTION 

[0017] An object of the present invention is to provide a 
portable surface inspector Which can inspect easily and 
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accurately the macroscopic shape and the microscopic shape 
of the processing surface of a lapping plate attached to a 
lapping machine. 

[0018] Another object of the present invention is to pro 
vide a portable surface inspector Which can inspect easily 
and accurately the macroscopic shape and the microscopic 
shape of the surface of a ?at body. 

[0019] In accordance With the present invention, there is 
provided a portable surface inspector comprising a straight 
guide rail, a table engaging the guide rail to be movable 
along the guide rail, a stage engaging the table to be movable 
in the direction of a transverse axis crossing at right angles 
With the longitudinal axis of the guide rail, a non-contact 
displacement sensor ?xed to the stage, a ?rst driving means 
for driving the table, a ?rst coordinate detecting means for 
detecting the longitudinal axis coordinate of the non-contact 
displacement sensor, a second driving means for driving the 
stage, a second coordinate detecting means for detecting the 
transverse axis coordinate of the non-contact displacement 
sensor, and a coordinate correcting means for correcting the 
transverse axis coordinate of the non-contact displacement 
sensor With the de?ection in the direction of the transverse 
axis of the guide rail. 

[0020] According to a preferred embodiment of the 
present invention, the portable surface inspector further 
comprises a constant distance keeping means for keeping the 
distance in the direction of the transverse axis betWeen the 
non-contact displacement sensor and the inspected surface 
constant. 

[0021] According to another preferred embodiment of the 
present invention, the non-contact displacement sensor is a 
laser sensor. 

[0022] According to another preferred embodiment of the 
present invention, the portable surface inspector further 
comprises an air bearing supporting the table. 

[0023] According to another preferred embodiment of the 
present invention, the guide rail is made of ceramic. 

[0024] According to another preferred embodiment of the 
present invention, the portable surface inspector further 
comprises a measured surface shape data storing means and 
a measured surface data analyZing means. 

[0025] According to another preferred embodiment of the 
present invention, the portable surface inspector further 
comprises an initial surface shape data storing means for 
storing the initial surface shape data of the inspected surface 
and a Wear detecting means for detecting the Wear of the 
inspected surface based on the initial surface shape data and 
the measured surface shape data. 

[0026] According to another preferred embodiment of the 
present invention, the portable surface inspector further 
comprises a ?rst Warning means for displaying a Warning 
When the Wear of the inspected surface exceeds a permis 
sible level. 

[0027] According to another preferred embodiment of the 
present invention, the portable surface inspector further 
comprises a second Warning means for displaying a Warning 
When increment of the Wear from that at the last inspection 
exceeds a permissible level. 
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[0028] According to another preferred embodiment of the 
present invention, the portable surface inspector further 
comprises a support member for the guide rail and a support 
member locating means for locating the support member 
relative to the surface to be inspected. 

[0029] According to another preferred embodiment of the 
present invention, the guide rail is connected to the support 
member to be detachable. 

[0030] According to another preferred embodiment of the 
present invention, the support member is provided With a 
plurality of legs of adjustable length. 

[0031] According to another preferred embodiment of the 
present invention, the transverse aXis coordinate of the 
non-contact displacement sensor at the home position is 
marked on the support member. 

[0032] According to another preferred embodiment of the 
present invention, the transverse aXis coordinate of the 
non-contact displacement sensor at the home position is 
marked on the support member locating means. 

[0033] In accordance With the present invention, there is 
provided a method for inspecting the surface shape of a ?at 
body comprising the steps of: 

[0034] moving a non-contact displacement sensor mov 
able along a straight guide rail to a ?rst position in the 
direction of the longitudinal aXis of the guide rail; 

[0035] moving the non-contact displacement sensor to a 
second position in the direction of a transverse aXis crossing 
at right angles With the longitudinal aXis of the guide rail; 

[0036] measuring the distance in the direction of the 
transverse aXis betWeen the non-contact displacement sensor 
and the surface to be inspected; 

[0037] detecting the longitudinal aXis coordinate of the 
?rst position of the non-contact displacement sensor; 

[0038] detecting the transverse aXis coordinate of the 
second position of the non-contact displacement sensor; 

[0039] calculating the transverse aXis coordinate of the 
inspected point of the inspected surface based on the dis 
tance in the direction of the transverse aXis betWeen the 
non-contact displacement sensor and the inspected surface, 
the transverse aXis coordinate of the second position of the 
non-contact displacement sensor, and a correction value for 
correcting the transverse aXis coordinate of the second 
position of the non-contact displacement sensor based on the 
de?ection of the guide rail in the direction of the transverse 
aXis; and 

[0040] carrying out the above steps at various different 
?rst positions of the non-contact displacement sensor. 

[0041] According to a preferred embodiment of the 
present invention, the distance in the direction of the trans 
verse aXis betWeen the non-contact displacement sensor and 
the surface to be inspected is kept constant. 

[0042] According to another preferred embodiment of the 
present invention, the method for inspecting the surface 
shape of a ?at body further comprises the steps of: 

[0043] calculating the circular arc of the inspected surface 
based on the measured longitudinal aXis coordinates and the 
transverse aXis coordinates of a plurality of measured points; 
and 
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[0044] displaying the radius R of the calculated circular 
arc. 

[0045] According to another preferred embodiment of the 
present invention, the method for inspecting the surface 
shape of a ?at body further comprises the steps of: 

[0046] calculating the circular arc of the inspected surface 
based on the measured longitudinal aXis coordinates and the 
transverse aXis coordinates of a plurality of measured points; 

[0047] calculating differences AR in the direction of the 
transverse aXis betWeen the calculated circular arc and the 
measured points; and 

[0048] displaying the differences AR. 

[0049] According to another preferred embodiment of the 
present invention, the method for inspecting the surface 
shape of a ?at body further comprises the steps of: 

[0050] calculating the circular arc of the inspected surface 
based on the measured longitudinal aXis coordinates and the 
transverse aXis coordinates of a plurality of measured points; 

[0051] calculating differences AR in the direction of the 
transverse aXis betWeen the calculated circular arc and the 
measured points; 

[0052] calculating the difference AH betWeen the maXi 
mum AR and the minimum AR; and 

[0053] displaying the difference AH According to another 
preferred embodiment of the present invention, the 
inspected surface is symmetrical around a rotation axis, and 
the method for inspecting the surface shape of a ?at body 
further comprises the steps of: 

[0054] calculating the circular arc of the inspected surface 
based on the measured longitudinal aXis coordinates and the 
transverse aXis coordinates of a plurality of measured points 
over a diameter of the inspected surface; 

[0055] calculating the circular arc of the inspected surface 
based on the measured longitudinal aXis coordinates and the 
transverse aXis coordinates of a plurality of measured points 
over a radius of the inspected surface; and 

[0056] displaying the radius R of the circular arc calcu 
lated based on the measured points over the diameter and the 
radius R of the circular arc calculated based on the measured 
points over the radius. 

[0057] According to another preferred embodiment of the 
present invention, the inspected surface is symmetrical 
around a rotation aXis, and the method for inspecting the 
surface shape of a ?at body further comprises the steps of: 

[0058] calculating the circular arc of the inspected surface 
based on the measured longitudinal aXis coordinates and the 
transverse aXis coordinates of a plurality of measured points 
over a diameter of the inspected surface; 

[0059] calculating the circular arc of the inspected surface 
based on the measured longitudinal aXis coordinates and the 
transverse aXis coordinates of a plurality of measured points 
over a radius of the inspected surface; and 

[0060] displaying the difference betWeen the radius R of 
the circular arc calculated based on the measured points over 
the diameter and the radius R of the circular arc calculated 
based on the measured points over the radius. 
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[0061] Further objects, features and advantages of the 
present invention Will become apparent from the Detailed 
Description of the Preferred Embodiments When read in 
conjunction With the accompanying draWings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0062] 
[0063] FIG. 1 is a plan vieW of a portable surface inspec 
tor in accordance With a preferred embodiment of the 
present invention. 

[0064] FIG. 2 is a side vieW of a portable surface inspector 
in accordance With a preferred embodiment of the present 
invention. 

In the drawings: 

[0065] FIG. 3 is a perspective vieW of a locating jig of a 
portable surface inspector in accordance With a preferred 
embodiment of the present invention. 

[0066] FIG. 4 is a side vieW of support legs of a portable 
surface inspector in accordance With a preferred embodi 
ment of the present invention. 

[0067] FIG. 5 is a block diagram of the data processor of 
a portable surface inspector in accordance With a preferred 
embodiment of the present invention. 

[0068] FIG. 6 is a side vieW of a portable surface inspector 
in accordance With a preferred embodiment of the present 
invention. 

[0069] FIG. 7 is a diagram for explaining calculation 
process of Z-axis coordinate Zn. 

[0070] FIG. 8 is a How chart of processing procedure 
conducted by a portable surface inspector in accordance 
With a preferred embodiment of the present invention. 

[0071] FIG. 9 is a diagram for explaining elimination of 
singular points. 
[0072] FIG. 10 is a diagram for explaining a ?ltering 
process. 

[0073] FIG. 11 is a diagram for explaining generation of 
Wave peak and Wave bottom data. 

[0074] FIG. 12 is a diagram for explaining generation of 
groove shape data. 

[0075] FIG. 13 is a diagram for explaining generation of 
R data. 

[007 6] 
AR data. 

FIG. 14 is a diagram for explaining generation of 

[0077] FIG. 15 is a diagram for explaining an inclination 
correction process. 

[0078] FIG. 16 shoWs an example of displaying measured 
surface shape data in the form of graphs. 

[0079] FIG. 17 shoWs another example of displaying 
measured surface shape data in the form of graphs. 

[0080] FIG. 18 shoWs another example of displaying 
measured surface shape data in the form of graphs. 

[0081] FIG. 19 shoWs an example of displaying measured 
surface shape data numerically. 

[0082] FIG. 20 shoWs a cross sectional vieW of a lapping 
plate. 
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DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

[0083] A portable surface inspector in accordance With a 
preferred embodiment of the present invention Will be 
described. 

[0084] As shoWn in FIGS. 1 to 4, a portable surface 
inspector 20 in accordance With a preferred embodiment of 
the present invention is provided With a straight holloW 
guide rail 1 made of a material With a large Young’s modulus 
per unit mass such as alumina ceramic, silicon carbide, etc. 
The guide rail 1 is supported at both ends by a pair of 
columns 10. The guide rail 1 and the pair of columns 10 are 
assembled as a unitary body. 

[0085] An X-axis table 4 engages the guide rail 1 to be 
movable along the guide rail 1 in the direction of the 
longitudinal axis X of the guide rail 1. The X-axis table 4 is 
supported by the guide rail 1 through an air bearing 41. 

[0086] The X-axis table 4 is driven by an X-axis motor 42. 
The X-axis table 4 is located at a home position in the 
vicinity of one end of the guide rail 1 When the portable 
surface inspector 20 is not in operation. 

[0087] A Z-axis stage 3 engages the X-axis table 4 to be 
movable in the direction of Z-axis crossing at right angles 
With the X-axis. The Z-axis stage 3 is driven by a Z-axis 
motor 5. The Z-axis stage 3 is located at a home position in 
the vicinity of the X-axis When the portable surface inspec 
tor 20 is not in operation. 

[0088] The Z-axis stage 3 is provided With a non-contact 
displacement sensor 9 such as capacitance type sensor, eddy 
current sensor, ?ber sensor, laser sensor, etc. The non 
contact displacement sensor 9 is desirably a laser sensor 
Whose measuring spot siZe is small and measuring accuracy 
is high. 

[0089] The guide rail 1 is provided With an X-axis linear 
scale 2 for detecting the X-axis coordinate of the non 
contact displacement sensor 9. The X-axis table 4 is pro 
vided With a Z-axis linear scale 32 for detecting the Z-axis 
coordinate of the non-contact displacement sensor 9. Each 
linear scale includes a scale and a scale head for reading the 
scale. 

[0090] The pair of columns 10 are detachably ?xed to a 
pair of support tables 11 by a pair of connecting jigs 15. A 
plurality of support legs 12 are screWed in the support tables 
11. Each support leg 12 is provide With a handle 17. A nut 
18 is screWed on the support leg 12. 

[0091] A scale 14 is disposed betWeen the pair of support 
tables 11. The scale 14 extends parallel to the guide rail 1. 
The pair of support tables 11 and the scale 14 are assembled 
as a unitary body. Apair of locating jigs 13 engage the scale 
14 to be movable in the direction of the longitudinal axis of 
the scale 14. Each locating jig 13 is provided With a portion 
13a capable of engaging the scale 14, a portion 13b capable 
of abutting the side surface of an object to be inspected and 
a surface 13c capable of abutting the peripheral portion of 
the surface to be inspected. The distance in the direction of 
the Z-axis betWeen the surface 13c and the non-contact 
displacement sensor 9 at the home position is set Within the 
measurable distance range of the non-contact displacement 
sensor 9. 
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[0092] As shown in FIG. 5, the portable surface inspector 
20 is provided With a data processor having a counter circuit 
51, a displacement data input circuit 52, a data processing 
unit 53, a de?ection correction data memory 54, a surface 
shape data memory 55, a servo controller 56 and a display 
57. 

[0093] The procedure of the setting operation of the por 
table surface inspector 20 When a processing surface of a 
lapping plate installed on a lapping machine is inspected 
along a diameter line thereof With the portable surface 
inspector 20 Will be described. 

[0094] As shoWn in FIG. 2, an annular plate shaped 
lapping plate 7 is set on and ?xed to a horiZontal and ?at 
upper surface 100a of a lapping machine 100. The lapping 
plate 7 is provided With a spherical processing surface 7a. 

[0095] An operator operates the jigs 15 to divide the 
portable surface inspector 20 into a ?rst portion including 
the guide rail 1 and a second portion including the support 
tables 11. 

[0096] The operator adjusts the distance betWeen the pair 
of locating jigs 13 based on the outer diameter of the lapping 
plate 7 and the horiZontal distance in the direction at right 
angles With the guide rail 1 betWeen the non-contact dis 
placement sensor 9 and the portions 13b of the locating jigs 
13, While referring to graduations of the scale 14, so that the 
non-contact displacement sensor 9 can move along a diam 
eter line of the lapping plate 7. 

[0097] The operator rotates the handles 17 to adjust the 
effective length L of the support legs 12 to make the surfaces 
13c of the locating jigs 13 level With the periphery 7b of the 
lapping plate 7. The operator fastens the nuts 18 to ?x the 
effective length L of the support legs 12 at the adjusted 
value. 

[0098] The operator abuts the pair of portions 13b against 
the side surface of the lapping plate 7 and abuts the pair of 
surfaces 13c against the periphery 7b of the lapping plate 7 
to set the second portion of the portable surface inspector 20 
on the upper surface 100a of the lapping machine 100. 

[0099] The operator sets the ?rst portion of the portable 
surface inspector 20 on the second portion of the portable 
surface inspector 20 and operates the jigs 15 to ?x the ?rst 
portion to the second portion. 

[0100] Thus, the setting operation of the portable surface 
inspector 20 is completed. After the completion of the 
setting operation, the guide rail 1 extends parallel to the 
upper surface 100a of the lapping machine 100, the non 
contact displacement sensor 9 is located on a diameter line 
of the lapping plate 7, and the distance in the direction of the 
Z-axis betWeen the non-contact displacement sensor 9 and 
the processing surface 7a of the lapping plate 7 is Within the 
range of measurable distance of the non-contact displace 
ment sensor 9. 

[0101] The portable surface inspector 20 has the folloWing 
advantages With respect to the setting operation thereof. 

[0102] (1) The portable surface inspector 20 can be 
easily located relative to the lapping plate 7 With the 
locating jigs 13 so that the non-contact displacement 
sensor 9 can move along a diameter line of the 
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lapping plate 7. The locating jigs 13 can be effec 
tively used for objects to be inspected With various 
shapes and siZes. 

[0103] (2) The distance in the direction of the Z-axis 
betWeen the non-contact displacement sensor 9 and 
the processing surface 7a of the lapping plate 7 can 
be easily set Within the range of measurable distance 
of the non-contact displacement sensor 9 by adjust 
ing the effective length L of the support legs 12. 

[0104] (3) Interference betWeen the non-contact dis 
placement sensor 9 at the home position and the 
processing surface 7a of the lapping plate 7 and also 
damage of the processing surface 7a due to interfer 
ence during the setting operation of the portable 
surface inspector 20 can be prevented by adjusting 
the effective length L of the support legs 12. 

[0105] (4) The portable surface inspector 20 can be 
stably set on the upper surface 100a of the lapping 
machine 100 by independently adjusting the effec 
tive length L of the plurality of supporting legs 12 
even if the upper surface 100a is stepped or inclined 
as shoWn in FIG. 6. 

[0106] (5) The operator can easily set the portable 
surface inspector 20 on the lapping machine 100 
Without having to bear a heavy load by locating the 
second portion of the inspector 20 relative to the 
lapping plate 7 to set it on the lapping machine 100 
and thereafter setting the ?rst portion of the inspector 
20 on the second portion to ?x the ?rst portion to the 
second portion. If a plurality of second portions are 
made available, the operator can locate the plurality 
of second portions relative to a plurality of lapping 
plates 7 and set a single ?rst portion on and ?x it to 
the plurality of second portions successively to 
inspect processing surfaces of the plurality of lap 
ping plates 7 successively. In this case, inspection 
cost is reduced because a plurality of inexpensive 
second portions share an expensive ?rst portion. 

[0107] Procedure for inspecting the processing surface 7a 
of the lapping plate 7 With the portable surface inspector 20 
Will be described, While referring to FIG. 5. 

[0108] The operator starts the control program and inputs 
inspection conditions such as start point, end point, inspec 
tion pitch, etc. 

[0109] The X-axis motor 42 starts and the X-axis table 4 
moves from the home position to the start point. X-axis 
coordinate Xn of the non-contact displacement sensor 9 is 
input from the X-axis linear scale 2 to the counter circuit 51. 
When the X-axis table 4 reaches the start point, a trigger 
signal is input from the counter circuit 51 to the displace 
ment data input circuit 52 to start the inspection. 

[0110] The non-contact displacement sensor 9 measures 
the distance in the direction of Z-axis betWeen itself and the 
processing surface 7a of the lapping plate 7, the servo 
controller 56 feedback controls the Z-axis motor 5, and the 
Z-axis stage 3 moves to a position Where the distance in the 
direction of the Z-axis betWeen the non-contact displace 
ment sensor 9 and the processing surface 7a of the lapping 
plate 7 becomes the optimum measuring distance of the 
non-contact displacement sensor 9 (about 5 mm in the case 
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of a laser sensor With the measurable distance of 510.3 The non-contact displacement sensor 9 measures the dis 

tance Zi in the direction of the Z-aXis betWeen itself and the 
processing surface 7a of the lapping plate 7. The measured 
datum Zi is input from the non-contact displacement sensor 
9 to the displacement data input circuit 52. Z-aXis coordinate 
datum Zs of the non-contact displacement sensor 9 is input 
from the Z-aXis linear scale 32 to the displacement data input 
circuit 52. 

[0111] The measured datum Zi by the non-contact dis 
placement sensor 9 and the Z-aXis coordinate datum Zs of 
the non-contact displacement sensor 9 are sent from the 
displacement data input circuit 52 to the data processing unit 
53. The X-aXis coordinate datum Xn of the non-contact 
displacement sensor 9 is sent from the counter circuit 51 to 
the data processing unit 53. 

[0112] De?ection correction data AZ for correcting the 
Z-aXis coordinate data Zs of the non-contact displacement 
sensor 9 based on the de?ection of the guide rail 1 in the 
direction of Z-aXis due to the dead Weight of the guide rail 
1 and the Weight of the X-aXis table 4 are stored in the 
displacement correction data memory 54 beforehand. 
De?ection correction datum AZ is sent from the displace 
ment correction data memory 54 to the data processing unit 
53. 

[0113] As shoWn in FIG. 7, the data processing unit 53 
calculates the Z-aXis coordinate Zn of the measured point of 
the processing surface 7a based on the measured datum Zi, 
the Z-aXis coordinate Zs of the non-contact displacement 
sensor 9 and the de?ection correction datum AZ. 

[0114] The data processing unit 53 stores the Z-aXis coor 
dinate Zn and the X-aXis coordinate Xn of the measured 
point of the processing surface 7a in the surface shape data 
memory 55. 

[0115] The X-aXis table 4 moves to the neXt measured 
point on the diameter line of the lapping plate 7, measure 
ment of the processing surface 7a is carried out, the data 
processing unit 53 calculates the Z-aXis coordinate Zn of the 
measured point, and stores the calculated Z-aXis coordinate 
Zn and the X-aXis coordinate Xn of the measured point in 
the surface shape data memory 55. 

[0116] Movement of the X-aXis table 4, measurement of 
the processing surface 7a, calculation of the Z-aXis coordi 
nate Zn of the measured point, and storage of the Z-aXis 
coordinate Zn and the X-aXis coordinate Xn of the measured 
point in the surface shape data memory 55 are repeated to 
accumulate surface shape data of the processing surface 7a 
along a diameter line of the lapping plate 7 in the surface 
shape data memory 55. 

[0117] The lapping plate 7 is rotated to measure the shape 
of the processing surface 7a along a plurality of diameter 
lines of the lapping plate 7, thereby accumulating surface 
shape data of the processing surface 7a along a plurality of 
diameter lines of the lapping plate 7 in the surface shape data 
memory 55. For eXample, the lapping plate is rotated by 45° 
at a time to measure the shape of the processing surface 7a 
along four diameter lines of the lapping plate 7, thereby 
accumulating surface shape data of the processing surface 
7a along four diameter lines of the lapping plate 7 in the 
surface shape data memory 55. 
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[0118] The portable surface inspector 20 has the folloWing 
advantages With respect to the measurement of the shape of 
the processing surface 7a. 

[0119] (1) The measuring accuracy of the portable surface 
inspector 20 is very high because the de?ection in the 
direction of the Z-aXis of the straight holloW guide rail 1 
made of a material With a large Young’s modulus per unit 
mass such as alumina ceramic, silicon carbide, etc. is very 
small. 

[0120] (2) The measuring accuracy of the portable surface 
inspector 20 remains high even if the ambient temperature 
varies because the coefficient of linear expansion of a 
ceramic such as alumina ceramic, silicon carbide, etc. is very 
small. 

[0121] (3) Vibration due to rolling or stick slip, Which is 
liable to occur in an anti-friction bearing, does not occur 
during the movement of X-aXis table 4 because the X-aXis 
table 4 is supported by the guide rail 1 through the air 
bearing 41. Therefore, the measuring accuracy of the por 
table surface inspector 20 is high. 

[0122] (4) Sliding friction betWeen the X-aXis table 4 and 
the guide rail 1 is small because the X-aXis table 4 is 
supported by the guide rail 1 through the air bearing 41. 
Therefore, heat generation by the X-aXis motor 42 is small 
and thermal de?ection of the guide rail 1 is small. Therefore, 
the measuring accuracy of the portable surface inspector 20 
is high. 

[0123] (5) The sliding surface betWeen the X-aXis table 4 
and the guide rail 1 incurs little Wear because the X-aXis 
table 4 is supported by the guide rail 1 through the air 
bearing 41. Therefore, the measuring accuracy of the por 
table surface inspector 20 remains high for a long time. 

[0124] (6) The distance in the direction of the Z-aXis 
betWeen the non-contact displacement sensor 9 and the 
processing surface 7a of the lapping plate 7 is measured 
accurately because the distance in the direction of the Z-aXis 
betWeen the non-contact displacement sensor 9 and the 
processing surface 7a of the lapping plate 7 is kept at an 
optimum measuring distance of the non-contact displace 
ment sensor 9. 

[0125] Z-aXis coordinate Zs of the non-contact displace 
ment sensor 9 is corrected based on the de?ection in the 
direction of the Z-aXis of the guide rail 1. Therefore, the 
microscopic shape of the processing surface 7a of the 
lapping plate 7 can be accurately inspected. 

[0126] (7) The macroscopic shape of the processing sur 
face 7a of the lapping plate 7 can be accurately inspected 
because the shape of the processing surface 7a is accurately 
measured at a plurality of points along a plurality of diam 
eter lines of the lapping plate 7. 

[0127] (8) The measurement of the shape of the processing 
surface 7a along a diameter line of the lapping plate 7 is 
carried out automatically under the direction of a control 
program. 

[0128] Therefore, the macroscopic shape and the micro 
scopic shape of the processing surface 7a of the lapping 
plate 7 can be easily and accurately inspected. 

[0129] The processing of the surface shape data of the 
processing surface 7a stored in the surface shape data 
memory 55 Will be described. 
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[0130] The data processing unit 53 receives the processing 
surface 7a surface shape data to be processed from the 
surface shape data memory 55. Surface shape data process 
ing is carried out in accordance With the procedure shoWn in 
FIG. 8. The procedure of the surface shape data processing 
Will be described in detail. 

[0131] (1) Elimination of Singular Points 

[0132] As shoWn in FIG. 9, a Z-aXis coordinate datum Zn 
Which is far larger or smaller than the mean value of the 
neighboring Z-aXis coordinate data Zn is deemed to be a 
singular point to be eliminated. Thus, error of measurement 
due to irregular re?ection of laser beam from the non 
contact displacement sensor 9, dust adhering to the process 
ing surface 7a, etc. is eliminated. The number of the 
neighboring Z-aXis coordinate data Zn, threshold betWeen 
the singular point and the normal point, etc. can be input by 
the operator. 

[0133] (2) Filtering 
[0134] As shoWn in FIG. 10, Z-aXis coordinate data free 
from singular points are passed through an FIR type loW 
pass ?lter to eliminate high frequency noise. Cutoff fre 
quency can be set by the operator. 

[0135] (3) Generation of Peak Data 

[0136] As shoWn in FIG. 11, peaks and bottoms of regular 
Waves of the Z-aXis data Zn free from high frequency noise 
are detected and stored in the surface shape data memory 55 
as Wave peak data and Wave bottom data. 

[0137] The shape of the surface of the lapping plate 7 
abutting against the object to be processed can be ascer 
tained by calculating an envelope of the Wave peaks. 

[0138] The processing accuracy of the machine tool that 
processed the processing surface 7a can be ascertained by 
calculating an envelope of the Wave bottoms. 

[0139] (4) Generation of Groove Data 

[0140] As shoWn in FIG. 12, the peak Width, groove depth 
and groove area of the each Wave of the Z-aXis coordinate 
data Zn free from high frequency noise are calculated and 
stored in the surface shape data memory 55 as groove shape 
data. 

[0141] The peak Width of each Wave of the spiral groove 
formed on the processing surface 7a increases and groove 
depth of each Wave of the spiral groove formed on the 
processing surface 7a decreases With continuing use of the 
lapping plate. Therefore, the degree of the Wear of the 
lapping plate 7 and the optimum time for reWorking the 
processing surface 7a or replacing the lapping plate 7 can be 
ascertained based on the groove shape data. 

[0142] (5) Generation of R Data 

[0143] The radius R of the processing surface 7a is 
calculated based on the Wave peak data and stored in the 
surface shape data memory 55 as R data. 

[0144] The procedure for generating R data Will be 
described based on FIG. 13. The Wave peak data are divided 
along the X-aXis into three equal parts, i.e. part I, part II and 
part III. A Wave peak datum is selected from each part and 
the relation among the three data (concave, convex, straight) 
is detected. Another Wave peak datum is selected from each 
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part and the relation among the three data is detected. The 
above procedure is repeated N times (N is the number of 
Wave peak data in each part). The most numerous shape is 
determined to be the shape of the Wave peak data. 

[0145] When the shape of the Wave peak data is concave 
or conveX, a Wave peak datum is selected from each part and 
the circle formed by the three Wave peak data is calculated. 

[0146] Another Wave peak datum is selected from each 
part and the circle formed by the three Wave peak data is 
calculated. The above procedure is repeated n times. When 
the calculated circle has the radius larger than a predeter 
mined value r, the shape of the Wave data is deemed to be 
straight and the repetition of the calculation of the circle is 
stopped. After the completion of n times calculations, the 
mean radius of n circles and the mean coordinate of the 
centers of n circles are calculated and determined to be the 
radius R and the coordinate of the center of the circle formed 
by the processing surface 7a. The number of the repetitions 
n and the predetermined value r can be set by the operator. 

[0147] When the shape of the Wave peak data is straight, 
the straight line approximated by least square method based 
on the Whole Wave peak data is determined to be the shape 
of the processing surface 7a. 

[0148] The processing surface 7a is processed so as to 
achieve a predetermined radius R. Therefore, the processing 
accuracy of the machine tool that processed the processing 
surface 7a can be ascertained by measuring the shape of the 
processing surface 7a after the completion of the processing 
of the processing surface 7a to calculate the radius R. 

[0149] The R data can be utiliZed for management of the 
processing surface 7a. 

[0150] (6) Generation of AR Data 

[0151] As shoWn in FIG. 14, differences in the direction 
of Z-aXis AR betWeen the radius R of the processing surface 
7a calculated based on the Wave peak data and Wave peak 
data are calculated and stored in the surface shape data 
memory 55 as AR data. 

[0152] Irregularity of the processing surface 7a can be 
ascertained from the AR data. 

[0153] Once the alloWable range of AR has been set, 
management of the processing surface 7a can be carried out 
based on the AR data. 

[0154] Difference in the processing accuracy of the lap 
ping plate 7 due to difference in the radial position of the 
processing surface 7a can be ascertained based on the 
distribution of AR in the direction of the X-aXis. 

[0155] (7) Correction of Inclination 

[0156] As shoWn in FIG. 15, the Z-aXis data Zn free from 
high frequency noise are generally rotated to eliminate 
inclination of the data as a Whole and thereby make the 
Z-aXis data Zn easier to observe. Since correction of incli 
nation makes precise adjustment of the parallel relation 
betWeen the straight guide rail 1 and the lapping plate 7 
unnecessary, it shortens the time needed to adjust the parallel 
relation betWeen them. 








