
;e3e4R6,Tkx N  INSIDE DIAMETER MEASURING METHOD AND APPARATUS BACKGROUND OF
THE INVENTION Field of the Invention The present invention relates to an
inside diameter measuring method and apparatus. More particularly, it
relates to an inside diameter measuring method and apparatus for measuring
an inside diameter of a minute cylindrical work such as ferrule and
injection. Description of the Related Art When the inside diameter of a
minute cylindrical work such as a ferrule is measured, measurement has so
far been made by inserting a pin gage of a predetermined size into the 1o
inner peripheral portion of the work by a person who makes measurement. In
the measurement using the pin gage, however, it is necessary for the
measurer to manually make measurement one work after another, which
presents a drawback of requiring much labor. Also, the conventional
measuring method has a drawback of poor accuracy because of manual
operation. 15 The inventor has proposed a method in which compressed air is
supplied into the inner peripheral portion of work, and a change of back
pressure is detected to measure the inside diameter of work, in Japanese
Patent Application No. 2001-40669 corresponding to International Patent
Application No. PCT/JP02/01086 (which was, at the time the present
invention was made, not published, not publically known, and assigned to
the same assignee to 2o which the present invention was subject to an
obligation of assignment). This method has an advantage that because
compressed air is merely supplied to the work, measurement can be made in a
short period of time, and also because of no wear, stable measurement can
always be made even after long-term use. When many works are measured at
one time using the above-described method, 25 however, if individual works
have variations in length, different back pressures are detected even if
the works have the same inside diameter. As a result, there arises a
drawback of variations in measured value. SUMMARY OF THE INVENTION The
present invention has been achieved in view of the above situation, and
accordingly an object thereof is to provide an inside diameter measuring
method and apparatus capable of making accurate measurement even if a
length of work varies. To attain the above object, the present invention is
directed to an inside diameter measuring method of measuring an inside
diameter of a cylindrical work by supplying compressed air from one end of
the work and by detecting the back pressure of the compressed air, wherein
a correction amount of measured value of the inside diameter according to
the length of the work is obtained in advance by determining a change of
measured value of the inside diameter with respect to a change of length of
the work, whereby the measured value of the inside diameter is corrected
according to the length of the work. to The present invention is also
directed to an inside diameter measuring apparatus which measures an inside
diameter of a cylindrical work by supplying compressed air from one end of
the work and by detecting a back pressure of the compressed air,
comprising: a length measuring device which measures a length of the work;
a storage device which stores a correction amount of measured value of the
inside diameter according to the length of the i5 work; and a correcting
device which corrects a measured inside diameter of the work based on the
length of the work measured by the length measuring device and the
correction amount stored in the storage device. According to the present
invention, the measured value of the inside diameter is corrected according
to the length of the work by obtaining a correction amount of measured 2o
value of the inside diameter according to the length of the work in
advance. Thereby, accurate measurement can be made even in the case where a
plurality of works having a varied length are measured. BRIEF DESCRIPTION
OF THE DRAWINGS 



The nature of this invention, as well as other objects and advantages
thereof, will be 2s explained in the following with reference to the
accompanying drawings, in which like reference characters designate the
same or similar parts throughout the figures and wherein: Fig. 1 is a
general configuration view showing one embodiment of an inside diameter
measuring apparatus in accordance with the present invention; Fig. 2 is a
schematic view showing a configuration of a conveyance section; 3o Fig. 3
is a schematic view showing a configuration of a length measuring section;
Fig. 4 is a schematic view showing a configuration of an inside diameter
measuring   3 section; Figs. 5(a) and 5(b) are sectional views showing a
configuration of a measuring stand; Fig. 6 is a schematic view showing
another embodiment of a length measuring device; 5 Fig. 7 is a schematic
view showing another embodiment of a Length measuring device; Fig. 8 is a
schematic view showing still another embodiment of a length measuring
device; and Fig. 9 is a sectional view showing a configuration of a work.
to DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS Preferred embodiments
of an inside diameter measuring method and apparatus in accordance with the
present invention will now be described in detail with reference to the
accompanying drawings. Fig. 1 is a general configuration view showing one
embodiment of an inside diameter ~ 5 measuring apparatus in accordance with
the present invention. An inside diameter measuring apparatus 10 of this
embodiment is composed of a feed section 12, a conveyance section 14, a
measurement section 16, a recovery section 18, a master storage section 20,
and a control section (not shown). This inside diameter measuring apparatus
10 measures the inside diameter of a work zo W, and sorts and recovers the
work W according to the measurement result. The work W to be measured is a
ferrule, an optical connector part. The ferrule has a minute cylindrical
shape, for example, having an outside diameter D of 2.5 mm, an inside
diameter d of 0. l25 mm, and a length L of 10 mm as shown in Fig. 9. The
feed section 12 feeds the work W. This feed section 12 is provided with a
parts 



z5 feeder 22. The parts feeder 22 feeds many works W stored in a stocker
incorporated therein one after another through a feed port 26 in a state in
which the works W are arranged in one direction. The conveyance section 14
conveys the work W fed from the parts feeder 22 to the measurement section
16, and conveys the work W having been measured by the measurement 3o
section 16 to the recovery section 18. As shown in Figs. 1 and 2, this
conveyance section 14 includes a conveyor 40, a direction changing device
42, and a transfer robot 44.   4 The conveyor 40 horizontally conveys the
work W fed through the feed port 26 of the parts feeder 22 to the direction
changing device 42. The direction changing device 42 turns the work W
having been conveyed horizontally by the conveyor 40 through 90 degrees to
raise it to a vertical position. As shown in Fig. 2, this direction
changing device 42 includes a clamper 46 and a clamper turning mechanism
(not shown) for turning the clamper 46. The clamper 46 has two clamp jaws
46A and 46B, and is configured so that one clamp jaw 46A can advance toward
and retreat from the other clamp jaw 46B. By the movement of one clamp jaw
46A toward the other clamp jaw 46B, the work W is clamped, to while by the
movement in the opposite direction, the work W is unclamped. The clamper
turning mechanism turns the clamper 46 in the range of 90 degrees by
turning a rotating shaft 48 fixed to the clamper 46. The clamper 46 adopts
two postures, a horizontal receiving posture (posture indicated with solid
lines in Fig. 2) and a vertical transferring posture (posture indicated
with alternate long and two short dashes lines in Fig. 2), t5 by being
driven by the clamper turning mechanism. The operation of the direction
changing device 42 having the above-described configuration will be as
described below. The front end portion of the work W having been conveyed
horizontally by the conveyor 40 comes into contact with a body portion of
the damper 46 at the terminal of the conveyor 40 (state indicated with
solid lines in Fig. 2). 2o When the front end of the work W comes into
contact with the body portion of the clamper 46, the clamp jaw 46A is
closed, by which the front end portion of the work W is clamped by the
clamp jaws 46A and 46B. After the work W has been clamped, the clamper
turning mechanism is driven to turn the clamper 46 through 90 degrees
(state indicated with alternate long and two short dashes lines in Fig. 2).
Thereby, the work W is raised to a vertical 25 position. Afterwards, the
work W is transferred to the transfer robot 44 to be conveyed to the
measurement section 16. The transfer robot 44 receives the work W to be
measured from the direction 



changing device 42 to convey it to the measurement section 16, and also
conveys the work W having been measured by the measurement section 16 to
the recovery section 18. As shown 3o in Figs. 1 and 2, the transfer robot
44 includes a rod 50 movable vertically) an arm 52 rotatably provided at
the top of the rod 50, and a hand 54 provided at a distal end of the arm
52. The hand 54 has clamp jaws 54A and 54A, which can be opened and closed,
at the Lower part of   5 the body thereof so that the clamp jaws 54A and
54A hold the work W. The work W held by the hand 54 is received and
transferred by the vertical motion of the rod 50, and is conveyed by the
turning motion of the arm 52. Therefore, all of the direction changing
device 42, the measurement section 16 and the recovery section 18 are
arranged on the turning path of the 5 hand 54. The measurement section 16
measures the length and inside diameter of the work W. As shown in Fig. 1,
the measurement section 16 includes a length measuring section 16A, an
inside diameter measuring section 16B, and a control unit 16C. The length
measuring section 16A measures a length of a work W. The length 1o
measuring section 16A has a work holder 100 and a length measuring device
102. The work holder 100 is disposed on the movement path of the hand 54 of
the transfer robot 44 to hold the work W vertically. The work holder 100 is
formed into a columnar shape, and a work receiving hole 104 having a
predetermined depth is formed vertically in the top face of the work holder
100. The work W is held vertically by being inserted in the work 15
receiving hole 104. The length measuring device 102 measures the length of
the work W by bringing a measuring arm 106, which moves vertically, into
contact with the top of the work W and by detecting the movement distance
of the measuring arm 106 at that time. The measuring arm l06 is disposed
horizontally, and the proximal end thereof is 2o supported on an elevating
element 114. At the distal end of the measuring arm 106 is fixed a
contacting element 108, which is brought into contact with the top of the
work W. This contacting element 108 incorporates a pressure sensor so that
the contact with the top of the work W is detected by the pressure sensor.
The elevating element 114 is slidably supported on a guide rail 112
provided on a 25 post 110. The elevating element 1l4 is formed with a
threaded hole, and a screw rod 1l8 is engaged with the threaded hole. The
screw rod 118 is disposed in parallel with the guide rail 112, and both
ends thereof are pivotally supported by bearing portions 120, 120 formed at
both ends of the post 110. Also, the screw rod 118 is connected with a
motor l22 so as to be turned by driving the 



3o motor 122. When the screw rod 118 is turned, the elevating element 114
moves vertically, and hence the measuring arm 106 moves vertically. The
motor 122 incorporates an encoder, so that the number of revolutions of the
motor l22 detected by the encoder is output m the   6 control unit 16C. The
control unit 16C determines the movement distance of the measuring arm 106
from the number of revolutions of the motor 122 detected by the encoder,
and calculates the length of the work W based on the movement distance.
More specifically, the length of the 5 work W will be measured as described
below. First, a master having a known length is set in the work holder 100.
Next, the motor l22 is driven to lower the measuring arm 106 having been
positioned at a predetermined measurement waiting position. When the
measuring arm 106 lowers, the contacting element 108 comes into contact
with the top of the master at a certain height. When the contact with 1o
the master is detected by the contacting element 108, the lowering of the
measuring arm 106 is stopped. This position is taken as the reference
position. The control unit 16C calculates a movement distance So of the
measuring arm 106 from the measurement waiting position to the reference
position, and stores it in a memory incorporated in the control unit 16C.
Next, the motor 122 is driven again to move the measuring arm 106 upward to
the t5 measurement waiting position. The master is recovered from the work
holder l00, and a work W to be measured is set. After the work W has been
set, the motor I22 is driven to lower the measuring arm 106 again from the
measurement waiting position. When the measuring arm 106 lowers, the
contacting element 108 comes into contact with a top of the work W at a
certain height. 2o When the contact with the work W is detected by the
contacting element 108, the lowering of the measuring arm 106 is stopped.
The control unit 16C calculates a movement distance S from the waiting
position to the position at which the measuring arm 106 stops. Then, the
control unit 16C determines a displacement x (x = S - So) from the
reference position. This displacement x from the reference position
corresponds to a difference between 25 a master length Lo and the work
length L. Therefore, the control unit 16C calculates the length L (L = L.o
+ x) of the work W from the known master length Lo and the determined
displacement x. The measuring arch l06 is rotatable to avoid a collision
with the arm 52 of the 



transfer robot 44. That is, as shown in Fig. 3, the post l10 is provided on
a turntable l24 so 3o as to be capable of being turned by the rotational
driving of the turntable l24. Usually, the measuring arm 106 is positioned
at a retreat position, and only at the time of measurement, it turns to
move to the measurement waiting position.   7 As shown in Figs. 1 and 4,
the inside diameter measuring section 16B includes a measuring stand 60 for
holding the work W and an air micrometer 62 which is held on the measuring
stand 60 to measure the inside diameter of the work W. The measuring stand
60 is disposed on the movement path of the hand 54 of the 5 transfer robot
44, and holds the work W. As shown in Figs. 5(a) and 5(b), the measuring
stand 60 includes a measuring stand body 64, a pressing ring 66, a holding
ring 68, and a pressing device (not shown). The measuring stand body 64 is
disposed vertically, and an air supply passage 70 is formed in a central
portion thereof. A circular recess portion 72 is formed in the upper face
t0 of the measuring stand body 64, and a work receiving hole 74 is formed
in the center of the recess portion 72. The work receiving hole 74 is
formed coaxially with the air supply passage 70 so as to have a
predetermined depth and an approximately the same diameter as the outside
diameter of the work W to be measured. The pressing ring 66 is formed with
a work insertion hole 76 in a central portion 15 thereof, and the work
insertion hole 76 is formed so as to have a diameter slightly larger than
an outside diameter of the work W. The pressing ring 66 is inserted in the
recess portion 72 formed in the upper face of the measuring stand body 64,
and is supported so as to be slidable in the recess portion 72 in the axial
direction with the inner peripheral face of the recess portion 72 being
used as a guide surface. On the lower face of the pressing ring 66, a
tapered 2o pressing face 78 which is inclined toward the center is formed,
and the holding ring 68 is in contact with the pressing face 78. The
holding ring 68 is formed of an elastic material, and is contained in the
recess portion 72 formed in an upper face of the measuring stand body 64.
The holding ring 68 is disposed coaxially with the work receiving hole 74,
so that when being pressed by the pressing 25 face 78 of the pressing ring
66, the holding ring 68 is collapsed and the inside diameter thereof is
reduced. The holding ring 68 used has an inside diameter in the ordinary
state (no-load state) which is larger than the outside diameter of the work
W to be measured. Therefore, when being inserted through the holding ring
68, the work W is inserted substantially in a non-contact state. 30 The
pressing device (not shown) is configured, for example, by a cylinder to
press the pressing ring 66 toward the measuring stand body 64. The
operation of the measuring stand 60 having the above-described
configuration 



8 will be as described below. As shown in Fig. 5(a), when the work W is
inserted through the work insertion hole 76 in the pressing ring 66, the
tip end portion of the work W is inserted in the work receiving hole 74
formed in the measuring stand body 64. In this state, as shown in Fig.
5(b), the pressing ring 66 is pressed toward the measuring stand body 64 by
the pressing device (not shown), whereby the holding ring 68 is collapsed
by the pressing face 78 of the pressing ring 66, the inside diameter
thereof being reduced. As a result, the outer peripheral portion of the
work W is tightened by the holding ring 68, whereby the work W is held in
the measuring stand 60. Also, the holding ring 68 is in close contact with
the outer periphery of the work W, whereby a seal is provided between the
work W and the work receiving hole 74. t0 At the time of removing the work
W, the pressure applied to the pressing ring 66 by the pressing device is
released. Thereby, the pressing ring 66 is restored to the original
position by the elastic restoring force of the holding ring 68, and thus
the holding ring itself is restored to the original diameter by the elastic
restoring force. Thereby, the tightening of work W is released, so that the
work W can be removed. ~5 As shown in Fig. 4, the air micrometer 62
includes an air source 80, a regulator 82, and an A/E converter 84. From
the air source 80, a compressed air whose temperature and humidity have
been regulated to fixed values is supplied. The regulator 82 regulates the
compressed air supplied from the air source 80 so as to have a fixed
pressure. The compressed air whose pressure has 2o been regulated to a
fixed value by the regulator 82 is supplied to the air supply passage 70 in
the measuring stand body 64 via the A/E converter 84. The compressed air
having been supplied into the air supply passage 70 passes through the
inner peripheral portion of the work W held in the measuring stand 60 and
is discharged to the outside. The A/E converter 84 converts the back
pressure of compressed 25 air at this time into an electrical signal by
bellows and a differential transformer which are incorporated in the A/E
converter 84, and sends the electrical signal to the control unit 16C. The
control unit 16C calculates the inside diameter of the work W based on this
electrical signal. The calculated inside diameter is displayed on a monitor
(not shown) provided in the control unit 16C, and also is recorded as data
in the memory incorporated in the control unit 30 16C. As shown in Fig. 1,
the recovery section 18 separates the works W having been measured into OK
works, which have met a predetermined standard, and NG works, which   have
not met the predetermined standard, and recovers them. The recovery section
l8 has an OK work recovery box 90A for containing the OK works and an NG
work recovery box 90B for containing the NG works. Each of the recovery
boxes 90A and 90B is formed into a box shape whose upper side is open, and
both of them are disposed on the movement path of the 5 hand 54 of the
transfer robot 44. The work W having been conveyed by the transfer robot 44
is unclamped over each of the recovery boxes 90A and 90B and is put into
each of the recovery boxes. A master storage section 20 stores a plurality
of masters. As shown in Fig. 1, the master storage section 20 is provided
with a master storage stand 88. The master storage to stand 88 is formed
into a block shape, and a plurality of master storage holes having a
predetermined depth are formed vertically in an upper surface of the master
storage stand 88. The masters are stored in the master storage holes. 



The master storage stand 88 is disposed on the movement path of the hand 54
of the transfer robot 44, and the master storage holes are also formed on
the movement path of the is hand 54. Thereby, the master can be taken out
of the master storage stand 88 and can be conveyed to the measuring stand
60 by using the transfer robot 44. The control section carries out drive
control of each piece of equipment constituting the inside diameter
measuring apparatus 10. This control section carries out drive control of
each piece of equipment according to a program stored beforehand. 2o The
operation of the inside diameter measuring apparatus of this embodiment
having the above-described configuration will be as described below. First
of a11, initialization is carried out. First, a zero-adjusting master Mo, a
scale-adjusting master Mv, and correcting masters M1 to MY are set on the
master storage stand 88. 25 For the zero-adjusting master 0,, the inside
diameter do and the length L.o thereof are known. For the scale-adjusting
master Mv, the inside diameter dv thereof is known (however, do ~ dv).
Also, the correcting masters M1 to MN are formed so as to have the same
inside diameter do as that of the zero-adjusting master Mo, and the lengths
L, to LN thereof are known. 3o However, the lengths L1 to LN each have a
different value. The operator inputs the inside diameters and lengths of
the various masters beforehand in the control unit 16C to store them in the
memory.   10 Next, the length measuring device 102 and the air micrometer
62 are calibrated. First, the transfer robot 44 takes the zero-adjusting
master Mo out of the master storage stand 88, and conveys the master to the
length measuring section 16A. The zero-adjusting master Mo is set in the
work holder 100 of the length measuring section 16A. The setting of the
zero-adjusting master Mo will be performed as described below. First, the
hand 54 of the transfer robot 44, which holds the zero-adjusting master Mo,
moves to a position over the work holder 100, and lowers from this
position. Thereby, the zero-adjusting master Mo held by the hand 54 is
inserted in the work receiving hole 104 in the work holder 100. to After
the zero-adjusting master Mo has been inserted in the work receiving hole
104, the holding of the zero-adjusting master Mo by the hand 54 is
released. After releasing, the 



hand 54 retreats upward. Thereby, the zero-adjusting master Mo is set in
the work holder 100. At this time, the measuring arm 106 of the length
measuring device 102 is positioned t5 at a predetermined retreat position.
After the zero-adjusting master Mo has been set in the work holder 100, the
turntable 124 is rotationally driven. Thereby, the measuring arm 106 is
turned and moved from the retreat position to the measurement waiting
position. Afterwards, the reference position is set. That is, the motor 122
is first driven to lower the measuring arm 106. When the measuring 2o arm
l06 lowers, the contacting element 108 comes into contact with the top of
the master at a certain height. This contact with the master is detected by
the contacting element I08, and thereby the lowering of the measuring arm
106 is stopped. This position is taken as the reference position. The
control unit 16C calculates the movement distance So of the measuring arm
106 from the measurement waiting position to the reference position, and 25
stores the movement distance S0 in the memory incorporated therein. Next,
the motor 122 is driven again to raise the measuring arm 106 to the
measurement waiting position. Then, the turntable 124 is rotationally
driven to move the measuring arm 106 to the retreat position. By the
above-described operation, the calibration of the length measuring device
102 so is completed. Subsequently, the air micrometer 62 is calibrated.
After the measuring arm 106 has retreated to the retreat position, the
transfer robot 44 recovers the zero-adjusting master M from the work holder
l00, and conveys it to the inside   diameter measuring section 16B. Then,
the zero-adjusting master Mo is set in the measuring stand 60 of the inside
diameter measuring section 16B. The setting of the zero-adjusting master Mo
is performed as described below. First, the hand 54 of the transfer robot
44, which holds the zero-adjusting master Mo, moves to a 5 position over
the measuring stand 60, and lowers while holding the zero-adjusting master
Mo. Thereby, the zero-adjusting master Mo held by the hand 54 is inserted
in the work insertion hole 76 in the pressing ring 66. At this time, the
zero-adjusting master Mo is inserted in the work insertion hole 76 in a
state where an inner peripheral chamfered portion thereof faces upward. 1o
After the zero-adjusting master Mo has been inserted in the work insertion
hole 76, the holding of the zero-adjusting master Mo by the hand 54 is
released. After releasing, the hand 54 retreats upward temporarily. After
the hand 54 has retreated, the pressing device (not shown) is driven to
press the pressing ring 66 toward the measuring stand body 64. Thereby, the
holding ring 68 is t5 collapsed by the pressing ring 66, so that the
zero-adjusting master Mo is held by the collapsed holding ring 68, and thus
is held in the measuring stand 60. The tip end portion of the
zero-adjusting master Mo held in the measuring stand 60 is inserted in the
work receiving hole 74, and a gap between the zero-adjusting master Mo and
the work receiving hole 74 is sealed by the collapse of the holding ring
68. Therefore, even when air is supplied to the air supply 20 passage 70,
a11 of the air is supplied to the inner peripheral portion of the
zero-adjusting master Mo without leaking through the gap. After the
zero-adjusting master Mo has been set in the measuring stand 60 in the
above-described manner, the air source 80 is driven, whereby compressed air
whose pressure has been regulated to a fixed value by the regulator 82 is
supplied to the air supply passage 70 25 in the measuring stand 60 via the
A/E converter 84. The compressed air supplied to the air supply passage 70
passes through the inner peripheral portion of the zero-adjusting master Mo
and is discharged to the outside. The back pressure of compressed air at
this time is detected by the A/E converter 84, and is output to the control
unit 16C as an electrical signal. The control unit 16C stores the back
pressure data of the zero-adjusting master Mo which has been 3o output as
an electrical signal, in the memory incorporated therein. When the
measurement of the zero-adjusting master Mo is complete, the supply of air
is stopped, and the zero-adjusting master Mo is unlocked. Specifically, the
pressing of the   12 pressing ring 66 by the pressing device is released,
and thus the tightening of the 



zero-adjusting master Mo by the holding ring 68 is released. After the
pressing of the pressing ring 66 has been released, the hand 54 of the
transfer robot 44, which has waited at the upper position, lowers to hold
the zero-adjusting master Mo set in the measuring stand 60. The hand 54
rises while holding the zero-adjusting master Mo to recover it from the
measuring stand 60. The recovered zero-adjusting master Mo is returned to
the original position on the master storage stand 88 by the transfer robot
44. After the measurement of the zero-adjusting master Mo has been
completed, the to transfer robot 44 then takes the scale-adjusting master
My out of the master storage stand 88, and conveys it to the measurement
section 16. The scale-adjusting master My having been conveyed to the
measurement section 16 is set in the measuring stand 60 in the same way as
the zero-adjusting master Mo to make measurement of the back pressure. Upon
completion of the measurement, the scale-adjusting master My is returned to
the original position on the t5 master storage stand 88 in the same way as
the zero-adjusting master Mo. After the measurement of the back pressures
of the zero-adjusting master Mo and the scale-adjusting master My has been
completed as described above, the control unit 16C determines the
relationship between the change of inside diameter and the change of back
pressure (back pressure characteristics) based on the back pressure data of
the measured 2o zero-adjusting master Mo, the back pressure data of the
measured scale-adjusting master Mv, and the known inside diameters do and
dv. Also, the measured value of back pressure of the zero-adjusting master
Mo is set to the reference value for measurement. In the subsequent
measurement, by detecting the back pressure change with respect to the
zero-adjusting master Mo, the inside diameter d of the work W is measured.
25 By the above-described operation, the calibration of the air micrometer
62 is completed. Next, the measurement of a correction amount of measured
value based on the length L of work is made. First, the transfer robot 44
takes the first correcting master M, (length: L,) out of the 3o master
storage stand 88, and conveys it to the inside diameter measuring section
16B to set it in the measuring stand 60. After the first correcting master
M1 has been set in the measuring stand 60, the back pressure thereof is
measured as in the case of the zero-adjusting master Mo.   13 The control
unit 16C calculates the inside diameter d, of the first correcting master
M, from the measured back pressure, and stores it in the memory so as to
cause it to correspond to the length L,. After the measurement of the first
correcting master M, has been completed, the 



transfer robot 44 recovers the first correcting master M, from the
measuring stand 60, and returns it to the original position on the master
storage stand 88. Next, the transfer robot 44 takes the second correcting
master MZ (length: L2) out of the master storage stand 88, and conveys the
master to the inside diameter measuring section 16B to set it in the
measuring stand 60. After the second correcting master M2 has been set t0
in the measuring stand 60, the back pressure thereof is measured in the
same way as described above. The control unit 16C calculates the inside
diameter d2 of the second correcting master MZ from the measured back
pressure, and stores it in the memory so as to cause it to correspond to
the length L2. After the measurement of the second correcting master M2 has
been completed, the 15 transfer robot 44 recovers the second correcting
master MZ from the measuring stand 60, and returns the master to the
original position on the master storage stand 88. Subsequently, the inside
diameters) d3 to dY of the correcting masters) M3 to MN stored on the
master storage stand 88 is (are) measured successively. The determined
inside diameters) d3 to dN is (are) stored in the memory in the control
unit 16C so as to correspond to zo the lengths) L3 to LN, respectively.
After the measurement of inside diameters of all of the correcting masters
M, to MN has been completed, the control unit 16C determines the correction
amount ~ of measured value. Since the zero-adjusting master Mo and the
correcting masters M, to MN are formed 25 so as to have an equal inside
diameter as described above, the same values ought to be output for the
measured values do to dN. However, since the masters Mo to MN have
different lengths Lo to LN, the measured values vary. Thereupon, the length
L.o of the zero-adjusting master Mo is taken as the reference, 30 and a
difference (do - d;s) from the measured value do at that time is
determined, by which the correction amount ~ of measured value for the
lengths L, to L,~ is determined. For example, the measured value of inside
diameter at the time of length L, is d,, and   14 the correction amount E1
thereof is E~ = d~ - d i. Also, the measured value of inside diameter at
the time of length LZ is d2, and the correction amount e2 thereof is ~z =
do - d~. Similarly, the correction amounts t;l to ev of measured values for
the lengths Li to LN are determined. From the relationship between the
determined length L.o to L., and the correction 5 amount so to E~, a
general formula of the length L and the correction amount s, ~ = F(L), is 



determined. The control unit 16C stores the general formula E = F(L)
representing the relationship between the determined length L and the
correction amount ~ in the memory thereof. By the above-described series of
operations, the preliminary operation for to measurement is completed.
Subsequently, the works W stored in the parts feeder 22 are measured
successively. First, the parts feeder 22 is driven to successively feed the
works W through the feed port 26. The work W fed through the feed port 26
is conveyed to the direction changing device 42 by the conveyor 40, and
then turned through 90 degrees by the direction changing 15 device 42 to be
raised vertically. The work W raised vertically is received by the hand 54
of the transfer robot 44, and is conveyed to the length measuring section
16A by the turning motion of the arm 52 of the transfer robot 44. The work
W having been conveyed to the length measuring section 16A is set in the 20
work holder 100 so that the length thereof is measured. The measurement of
length using the length measuring section 16A will be made as described
below. First, the hand 54 of the transfer robot 44 moves to a position over
the work holder l00 and stops there. Then, the arm 52 lowers from this
position. The arm 52 lowers through a predetermined distance and stops.
Thereby, the work W is inserted in the work 25 receiving hole 104. After
the work W has been inserted in the work receiving hole 104, the holding of
work W by the hand 54 is released. Thereafter, the arm 52 moves upward and
waits at a position at a predetermined height. Thereby, the work W is set
in the work holder 100. After the work W has been set in the work holder
100, the turntable l24 of the length 3o measuring device l02 is
rotationally driven, so that the measuring arm 106 turns from the retreat
position to the measurement waiting position. After the measuring arm 106
has moved to the measurement waiting position, the   15 motor l22 is driven
to lower the measuring arm l06. When the measuring arm 106 lowers, the
contacting element 108 comes into contact with the top of the work W at a
certain height. When this contact is detected, the lowering of the
measuring arm 106 is stopped. The control unit 16C determines the movement
distance S from the measurement waiting position to the position at which
the measuring arm 106 stops, based on the output 



from the encoder, and then calculates the length L of the work W based on
the determined movement distance S. Specifically, the control unit 16C
calculates the displacement x from the reference position, and determines
the length L of the work W (L = L.fl + x) from the displacement x and the
known length Lo of the zero-adjusting master Mo. The determined t0 length L
of the work W is output to the control unit 16C of the inside diameter
measuring section 16B. Upon completion of the measurement, the motor 122 is
driven to move the measuring arm 106 upward to the measurement waiting
position. Thereafter, the turntable 124 is driven to turn the measuring arm
106, so that the measuring arm 106 moves to the retreat position. t 5 Thus,
the measurement of length of the work W is completed. Upon completion of
the length measurement, the hand 54 of the transfer robot 44 having waited
at a position over the work holder 100 lowers to recover the work W from
the work holder 100. The recovered work W is conveyed to the inside
diameter measuring section 16B by the transfer robot 44. The work W having
been conveyed to the inside diameter measuring section 16B is 20 set in the
measuring stand 60 to measure the inside diameter. The inside diameter will
be measured as described below. First, the work W is inserted in the work
insertion hole 76 in the pressing ring 66. Next, the pressing device (not
shown) is driven to press the pressing ring 66 toward the measuring stand
body 64. Thereby, the holding ring 68 is collapsed by the pressing ring 66,
25 so that the work W is held by the collapsed holding ring 68, and thus is
held in the measuring stand 60. After the work W has been held in the
measuring stand 60, the air source 80 is driven, whereby compressed air
whose pressure has been regulated to a fixed value by the regulator 82 is
supplied to the air supply passage 70 in the measuring stand 60 via the A/E
converter 84. 3o The compressed air supplied to the air supply passage 70
passes through the inner peripheral portion of the work W and is discharged
to the outside. The back pressure of compressed air at this time is
detected by the A/E converter 84, and is output to the control unit 16C as
an   16 electrical signal. The control unit 16C calculates the inside
diameter d of the work W based on the electrical signal sent from the A/E
converter 84. That is, the inside diameter d of the work W is calculated
from a back pressure measured based on the back pressure characteristics 5
determined beforehand. After the inside diameter d has been measured, the
control unit 16C determines the correction amount a based on the length L
of work W, which has been measured by the length measuring section 16A.
Then, the control unit 16C corrects the measured value d based on the
determined correction amount E to determine a correct inside diameter d'.
to The inside diameter d' having been determined as described above is
displayed on the monitor (not shown) provided in the control unit 16C, and
also is recorded as data in the memory in the control unit 16C. Then, it is
judged whether or not the measured inside diameter d' meets the
predetermined standard. That is, it is judged whether the work W is an OK
work meeting the predetermined standard or an NG work not meeting the
predetermined t 5 standard. The inside diameter used as the reference for
this judgment has been stored in advance in the memory in the control unit
16C. 



The measurement of inside diameter of the work W will be completed as
described above. Upon completion of the measurement, the driving of the air
source 80 is stopped, and 2o thus the holding of the work W by the
measuring stand 60 is released. Specifically, the pressing of the pressing
ring 66 by the pressing device (not shown) is released, so that the
tightening of the work W by the holding ring 68 is released. Thereafter,
the work W is recovered from the measuring stand 60 by the transfer robot
44, and is conveyed to the recovery section 18. 25 The works W having been
conveyed to the recovery section 18 are separated and recovered in the OK
work recovery box 90A and the NG work recovery box 90B according to the
judgment result. Specifically, the OK work meeting the predetermined
standard is recovered in the OK work recovery box 90A, and the NG work not
meeting the predetermined standard is recovered in the NG work recovery box
90B. 3o The separated recovery will be carried out as described below. When
the work W is an OK work, the hand 54 of the transfer robot 44, which has
recovered the work W from the measuring stand 60, moves to a position over
the OK work recovery box 90A. Then, the   17 hand 54 lowers through a
predetermined distance from that position, and thereafter the holding of
the work W by the hand 54 is released. Thereby, the work W drops under
gravity, and is recovered in the OK work recovery box 90A. On the other
hand, when the work W recovered from the measuring stand 60 is an NG work,
the hand 54 of the transfer robot 44 5 moves to a position over the NG work
recovery box 90B, and lowers through a predetermined distance from that
position. Thereafter, the holding of the work W by the hand 54 is released.
Thereby, the work W drops under gravity, and is recovered in the NG work
recovery box 90B. The measurement of inside diameter of one work W is
completed by the above-described series of processes. Subsequently, the
same operation is repeated t0 successively, by which a11 of the works W
stored in the parts feeder 22 are measured. As described above, in the
inside diameter measuring apparatus 10 of this embodiment, the length L of
the work W is measured, and the measured value d of inside diameter is
corrected according to the length L of the work W. Therefore, even in the
case where a plurality of works W having a different length are measured,
accurate measurement 15 can always be made. In this embodiment, the
measuring arm 106 moving vertically is brought into contact with the top of
the work W to detect the movement distance of the measuring arm 106 at this
time, by which the length of the work W is measured. However, the method of
measuring the length of work is not limited to this. 2o For example, as
shown in Figs. 6 and 7, the length of the work W may be measured by holding
the work W by a pair of measuring arms 130, 130 to detect the displacements
of the measuring arms 130, 130. Also, as shown in Fig. 8, the length
measuring method may be such that the work W is set between a pair of CCD
cameras 132, 132 to photograph the end faces of the work W using the CCD
cameras 132, 132, by which the length of the work W is 35 measured from the
focusing information. Thus, as a method of measuring the length of the work
W, various publicly known methods can be used. Also, although the measuring
section l6 is provided with one length measuring section 16A and one inside
diameter measuring section 16B in this embodiment, a plurality of 30 length
measuring sections 16A and inside diameter measuring sections 16B may be
provided. Thereby, a plurality of works W can be measured at the same time,
so that the measurement can be made with high efficiency.   Is As described
above, according to the present invention, since the measured value of
inside diameter is corrected according to the length of work, accurate
measurement can be made even in the case where a plurality of works having
a varied length are measured. It should be understood, however, that there
is no intention to limit the invention to the specific forms disclosed, but
on the contrary, the invention is to cover a11 modifications, alternate
constructions and equivalents falling within the spirit and scope of the
invention as expressed in the appended claims.   19 WHAT IS CLAIMED IS: An
inside diameter measuring method of measuring an inside diameter of a
cylindrical work (W) by supplying compressed air from one end of the work
(W) and by detecting a back pressure of the compressed air, wherein a
correction amount of measured value of an inside diameter according to a 



length of the work (W) is obtained in advance by determining a change of
measured value of the inside diameter with respect to a change of the
length of the work (W), whereby the measured value of the inside diameter
is corrected according to the length of the work (W). 2. An inside diameter
measuring apparatus (10) which measures an inside diameter of a cylindrical
work (W) by supplying compressed air from one end of the work (W) and by
detecting a back pressure of the compressed air, comprising: a length
measuring device (16A) which measures a length of the work (W); a storage
device ( 16C) which stores a correction amount of measured value of the
inside diameter according to the length of the work (W); and a correcting
device (16C) which corrects a measured inside diameter of the work (W)
based on the length of the work (W) measured by the length measuring device
( 16A) and the correction amount stored in the storage device (16C).
.Afa.Ah&.AhL.Ah`.A&{9.A{`.A&As.Ah&9.A.AL.Ah&.A9hL.A9A`.A&hL.AU99.A9AL.Ah&9.
AL..As1Mdh  y
ta,N[9~xsnid_ZU]ca]ca]ca]ca]ca]ca]ca]c^a]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]c
a]ca]ca]c^a]ca]c^a]ca]ca]ca]c^a]c^a]ca]cTa]c:a!EAMj4ScEU|wrmhc^Y]ca]ca]ca]c
a]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]c^a]ca]ca]ca]ca]ca]ca]
ca]ca]ca]ca]ca]ca!_5e X
!q!!!M"""_#$"%:%%%9&&&W'Y'((}xsnid_Z]ca]]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]c
a]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca!($)))*[**+
c+++',,,-x---.X../(/y//3000F1H1Z112_22}xsnid_Z]ca]]ca]ca]ca]ca]ca]ca]ca]ca]
ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca!
229333P445\556#6u66776888=9999T::;J;L;
;;5<<<7=}xsnid_Z]ca]]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]
ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca!7=T==>e>>?G??Y@@AAAMBBCkCDDEqE
sEHIdJJJ'KKKEL{LL}xsnid_Z]ca]]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]
ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca!L"M{MM<NNNZOOPcQQR%Rx
RR,SSSTmTTUaUUVWVVV@WJWWXX}xsnid_Z]ca]]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]
ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca!XZXXXEYYYY-Z
ZZ-[[[=\N\\]a]]]4^^^G__aNaaabqbbc}xsnid_Z]ca]]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca
]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca!cncmm
Gnnn2ooopHppp`rrsVssttuyuuu
v]vpvv,wwwwNx}xsnid_Z]ca]]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]c
a]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca!NxxxycyyyZzzu{{{8|||4}}}~
m~~Uad$}xsnid_Z]ca]]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]c
a]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca!23Q(G-DN0,}xsnid_Z]ca]]ca]ca]ca
]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca
]ca]ca]ca]ca]ca!,;
IV`jq<[v36z}xsnid_Z]ca]]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]
ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca!LY>r&W:}xsnid_Z]ca]]ca]ca]c
a]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]c^a]ca]
ca]ca]ca]ca]ca]ca1MdiK-10%&'()-
10%&'()-10%&'()-@&y10%&'()-10%&'()-$10%&'()-fS10%S&'()-h6[}[9-!&#10%&'()-!&
#10%&'()-!&#10%&'()-!&#10%zz&'()-&#10%pp&'()- 10%&'()-  y}rg\=!&:!10%H&'()-
10 10 10@S8y10%&'()-``610%&'()-!&#10%&'()-!&#10%&'()-y tdEg\=!s"10%H&'()-S`
10%H&'()-f 10%H&'()- !10%H&'()-z 9310%H&'()- 10%H&'()-a,dEg\=!(
10%H&'()-L'!10%H&'()-%@ 10%H&'()-`$
10%H&'()-"10%H&'()-`!10%H&'()-,N[dEg\=!310%H&'()-,210%H&'()-010%H&'()-/@
10%H&'()--S10%H&'()-Y+10%H&'()-9bC!&10%5&'()-9L`10%5&'()- 10H 10H
10H,8-10%H&'()-&6s!10%H&'()-,510%H&'()-EAdEbC!910%5&'()-y10%5&'()-L&-
10%5&'()- 10%5&'()- &10%5&'()-
10%5&'()-AMjdEbC!10%5&'()-10%5&'()-Z10%5&'()-&
10%5&'()-L10%5&'()-10%5&'()-4SdEbC!&10%5&'()-$ 10%5&'()-# 10%5&'()-!
10%5&'()-& "10%5&'()-10%5&'()-ScEdEbC!0
10%5&'()-&/"10%5&'()-,s-10%5&'()-+-10%5&'()-s*10%5&'()-'"10%5&'()-SUdYNC!
105 105 



105,810%5&'()-&6"10%5&'()-,5 10%5&'()-,310%5&'()-2M10%5&'()-_5dEYNC!
&&!10%5&'()- 10%5&'()- &10%5&'()- 10%5&'()- 10%5&'()-&`s10%5&'()-e X dEYNC!
L10%5&'()-F10%5&'()-L10%5&'()-10%5&'()- 910%5&'()-10%5&'()-X  !q!!!M"dEYNC!
`!y
10%5&'()-M10%5&'()-`10%5&'()-&!10%5&'()-`&10%5&'()-10%5&'()-M"""_#$"%:%dEYN
C! .10%5&'()-L-#10%5&'()-L'
10%5&'()-T%#10%5&'()-L$10%5&'()-"10%5&'()-:%%%9&&&T'U'V'dE:/ 105 1057
10%5&'()-L6@ 10%5&'()-&4"10%5&'()-L3 10%5&'()-1
10%5&'()-,L010%5&'()-V'W'Y'(($)))xY:/ 10510%"&'()-&y
10%"&'()-10%"&'()-`&10%"&'()-!10%"&'()-y99s10%"&'()- 105)*[**+c++dE:/ 105
10%"&'()-9 10%"&'()- 10%"&'()-910%"&'()-&s10%"&'()-910%"&'()-++',,,-x-dE:/
105&%"10%"&'()-,9$
10%"&'()-"10%"&'()-L!10%"&'()-10%"&'()-&L10%"&'()-x---.X../(/dE:/
105,.10%"&'()-99-G"10%"&'()-,+m10%"&'()-,9*10%"&'()-(10%"&'()-9'10%"&'()-(/
y//3000C1D1E1dE:/ 10" 10"@7l10%"&'()-,96 10%"&'()-94!10%"&'()-S93
10%"&'()-,1 10%"&'()-@9010%"&'()-E1F1H1Z112_22xY:/ 10"9L10%H&'()- g
10%H&'()-9- 10%H&'()-  10%H&'()-&10%H&'()-`s10%H&'()- 10"229333P44dE:/
10"9s 10%H&'()-"10%H&'()-` 10%H&'()- 10%H&'()-`10%H&'()-
10%H&'()-45\556#6u6dE:/ 10"9s!10%H&'()-
10%H&'()-sM!10%H&'()-10%H&'()-s10%H&'()-&!10%H&'()-u66%777688aB:/
10"`*10%H&'()-(10%H&'()-`' 10%H&'()-s$"10%H&'()-S!s$"10%&'()-S"
10%H&'()-88=9999T:dE:/ 10"`3g
10%H&'()-1:10%H&'()-`0g10%H&'()-.Z10%H&'()-`-!10%H&'()-+z10%H&'()-T::;G;H;
I;J;L;;bC 10"& 10%"&'()-9ss10%"&'()- 10H 



10H 10H710%H&'()-`6g 10%H&'()-&4!10%H&'()-;;5<<<7=T=dEbC
10"L10%"&'()-10%"&'()-`9!10%"&'()- 10%"&'()-910%"&'()-
10%"&'()-T==>e>>?G?dEbC 10"`10%"&'()-!10%"&'()-``10%"&'()-&!10%"&'()-Lf
10%"&'()-10%"&'()-G??Y@@AAA^?bC 10",L'10%"&'()-!&`$"10%""&'()-S"10%"&'()-s!
10%"&'()-! 9sG"10%""&'()-f 10%"&'()-AMBBCkCDDdEbC
10"94#10%"&'()-,.10%"&'()-@9`-#10%"&'()-,+!10%"&'()-,L*
10%"&'()-,(10%"&'()-DEnEoEpEqEsEHIbC 10"F"10%5&'()-!10%5&'()-  9&s10%5&'()-
10" 10" 10"@710%"&'()-@`610%"&'()-IdJJJ'KKKdEbC 10"9$!10%5&'()-"
10%5&'()-,9!10%5&'()-10%5&'()-9&!10%5&'()-& 10%5&'()-SKEL{LL"M{MMdEbC
10"9-`!10%5&'()-+
10%5&'()-*10%5&'()-,(t10%5&'()-&'10%5&'()-&%F"10%5&'()-M<NNNZOOOOaB7C 10
105@710%5&'()-S&610%5&'()-!93 "10%55&'()--,1
10%5&'()-,0410%5&'()-,.10%5&'()-OOPcQQR%RxRRmN/910%5&'()-10%5&'()-&10%5&'()
-10%5&'()-L&"10%5&'()-!10%5&'()-y 105 105R,SSSTmTTdEmN/910%5&L&!10%5&'()-
10%5&'()-Lf10%5&'()-10%5&'()-9y
10%5&'()-10%5&'()-TUaUUVWVVdEmN/910%59'10%5&'()-%"10%5&'()-9$z10%5&'()-"
10%5&'()-L!S10%5&'()--10%5&'()-VV@WJWWXXdEmN/910%59010%5&'()-.`!10%5&'()-&9
-"10%5&'()-+10%5&'()-9*310%5&'()-,(10%5&'()-XZXXXEYYYYYdYNC910% 105 105
1057G10%5&'()-@L610%5&'()-&4310%5&'()-L3`!10%5&'()-,110%5&'()-YYY-ZZZ-[dEYN
C910% 910%H&'()- - 10%H&'()-&10%H&'()-  10%H&'()-
10%H&'()-L10%H&'()--[[[=\N\\]dEYNC910% LS 10%H&'()-"10%H&'()-L10%H&'()-
10%H&'()-9 10%H&'()- 10%H&'()-]a]]]4^^^dEYNC910%
"s!10%H&'()-L!10%H&'()-10%H&'()-`10%H&'()-10%H&'()-10%H&'()--^G__aNaaadEYNC
910% 9010%H&'()-,.10%H&'()-9-10%H&'()-L' 10%H&'()-@%"10%H&'()-L$S
10%H&'()-abqbbckclcmcncdYNC910% 10H 



10H 10H7z
10%H&'()-,L610%H&'()-&410%H&'()-,9310%H&'()-110%H&'()-ncdd-fggiwU3YNC!
&#10%HH&'()-/!&#10%HH&'()-/!&#10%AA&'()-/!m&#10%&'()-/!&#10%&'()-/!&#10%&'(
)-/ij!kl=mmmmzXJ<C!  10#H#H
10#H#H!#&#10%#H#H&'()-/&#10%v&'()-/!&#10%HH&'()-/!&#10%&'()-/!&#10%HH&'()-/
mmmGnnn2oouV7C!& 10%&'()- 10%&'()-`10%&'()- 10%&'()-310%&'()-&L10%&'()-
10#H#HoopHppp`rdE7C!& 9g
10%&'()-z9G"10%&'()-,910%&'()-10%&'()-910%&'()-`10%&'()-`rrsVssttdB7C!!9%"1
0%&'()-T,L$10%&'()-,"G10%&'()-,L!t10%&'()-@10%&'()-LLM10%&'()-tuyuuu
v]vdE7C!!S9010%&'()-@.10%&'()-L9-10%&'()-@+10%&'()-@9*
10%&'()-@(10%&'()-]vpvv,wwwwwwdYNC!! 10 10 10S7 10%&'()-SL6
10%&'()-L4m"10%&'()-S93y10%&'()-@110%&'()-wwNxxxycydEYNC!! &Z10%&'()-
10%&'()-&M10%&'()- y 10%&'()- 10%&'()-&`10%&'()-cyyyZzzu{{aBYNC!S10%&'()-!
9"10%&'()-T,L 10%&'()-f 10%&'()-9g10%&'()-310%&'()-{{8|||4}}dEYNC!,"z
10%&'()-@L!10%&'()-,G10%&'()-9L3"10%&'()-,10%&'()-`10%&'()-}}~m~~dEYNC!9`-"
10%&'()-@+@10%&'()-,(Z10%&'()-@@L'S10%&'()-9%-10%&'()-,L$!10%&'()-UdEYNC!@s
610%&'()-L4"10%&'()-S`310%&'()-@1
10%&'()-S`010%&'()-@.S10%&'()-^_`ad$bC!L10%"&'()- f 10%"&'()-&
10%"&'()-L10%"&'()- 10 10 10f810%&'()-23dEbC!&S!10%"&'()-10%"&'()-
10%"&'()-@10%"&'()-`s9!10%"&'()-  10%"&'()-Q(dEbC!,f z10%"&'()-&
10%"&'()-S- 10%"&'()-310%"&'()-S10%"&'()-10%"&'()-(GdEbC!@@)10%"&'()-'
10%"&'()-&S&"10%"&'()-,$g10%"&'()-S#10%"&'()-!10%"&'()--DdEbC!,S210%"&'()-,
0410%"&'()-@@/10%"&'()-9-10%"&'()-@,10%"&'()-@*910%"&'()-NxmbC!910%5&'()-
10" 10" 10"S@8m10%"&'()-,6`10%"&'()-9S5:!10%"&'()-@310%"&'()-0,;dEmbC!y
10%U&'()-y10%5&'()-  10%5&'()-310%5&'()-l y 10%5&'()-f 10%5&'()-;
IV`dEmbC!10%5&'()-9
10%5&'()-10%5&'()-&F10%5&'()-!10%5&'()-10%{&'()-f`jqdEmbC!&%!10%5&'()-9$-10
%5&'()-"10%5&'()-9! 10%5&'()-z
10%5&'()-&9"10%5&'()-q<dEmbC!.'10%5&'()-&-"10%5&'()-+z
10%5&'()-&*`10%5&'()-,(Z10%5&'()-9'G 10%5&'()-[v0123dYNC! 105 105 105,&6
10%5&'()-f943"10%5&'()-,&3 10%5&'()-,1
10%5&'()-@010%5&'()-36IPiz~\:YNC!!9#10%&'()-/!9#10%&'()-/9#10%&'()-/!9#10%&
'()-/ 9#10%&'()-/9L10%&'()-z -zX6YNC!!9#10%&'()-/!
9#10%&'()-/!9#10%&'()-/!9#10%&'()-/! 



9#10%&'()-/9#10%&'()-/&<,rPC!!9#10%!#10%88&'()-/!c#10%55&'()-/!#10%55&'()-/
&&10%5&'()- 10 10
10,zX6PC!!#10%88&'()-/!,#10%55&'()-/!#10%{{&'()-/#10%5&'()-/!#10%55&'()-/!#
10%88&'()-/LxY:!! 10% U&'()-910% U&'()- 10% U&'()-g10% U&'()-&L10% U&'()-
1088 1088 1088YbC!!L10%4|&'()-s10%4|&'()- 10 U 10 U 10 U&10% U&'()-@ 10%
U&'()-10% U&'()->rdEbC!!F10%4|&'()- 10%4|&'()- Ff10%4|&'()-10%4|&'()-3
10%4|&'()- y10%4|&'()-&WdEbC!!Y&10%4|&'()-10%4|&'()-Yf10%4|&'()-10%4|&'()-
10%4|&'()-g10%4|&'()-:dEbC!!Y&10%4|&'()-10%4|&'()-Yf10%4|&'()-#10%4|&'()-l"
S 10%4|&'()- 10%4|&'()- Normal" "Heading 13]c" "Heading 23]c" "Heading
33]c" "Heading 43]c" "Heading 53]c" "Heading 63]c" "Heading 73]c" "Heading
83]c" "Heading 93]c"A "Default Paragraph
FontV$E.I8pBLVm`jt`~2(27=LXcNx,klmnopqrstuvwy,ASX M":%V')+x-(/E124u68T:;
T=G?ADIKMORTVXY-[]^ancimo`rt]vwcy{}(;`q3z,xyz{|}~6Times New
RomanArialCourier New"h Root EntryWordDocument
!"#$%&'()*+,-./0123456789:;
<=>?@ABCDEFGHIJKLMNOPQRSTUVWXYZ[\]^_`abcdefghijklmnopqrstuvwxyz{|}~ 


