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detects movement amounts of a feed shaft, and a calculation 
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SYSTEM FOR CALCULATING THREAD 
PITCH 

BACKGROUND OF THE INVENTION 

0001 1. Field of the Invention 
0002 The invention relates to a system for calculating 
thread pitches of screw threads formed on a workpiece by a 
machine tool which includes a rotary shaft and a feed shaft. 
0003 2. Description of the Related Art 
0004. A numerically controlled machining system is 
known which includes a rotary shaft for rotating a workpiece 
and a feed shaft for moving a tool for machining the work 
piece and which calculates an error between an ideal move 
ment amount and an actual movement amount of the feed 
shaft so as to evaluate the accuracy of the threading process by 
monitoring and Verifying the error (for example, Japanese 
Laid-open Patent Publication No. 2008-226112). 
0005 According to prior art, since it has been impossible 
to understand the effect derived from the error between the 
ideal movement amount and the actual movement amount of 
the feed shaft by the thread pitches of the actually formed 
threads, it has been impossible to carry out comparative veri 
fication by correlating the actual thread pitches and the above 
described error. 
0006. Accordingly, when there is an inappropriate fluctua 
tion in the formed thread pitches, it has been difficult to judge 
whether the fluctuation is caused by a problem in controlling 
the rotary shaft and the feed shaft or caused by factors other 
than the control of the rotary shaft and the feed shaft. 

SUMMARY OF THE INVENTION 

0007. In an aspect of the invention, a system for calculat 
ing a thread pitch of threads formed on a workpiece by a 
synchronized operation between a rotary shaft which rotates 
the workpiece and a feed shaft which feeds a tool comprises 
a first detection part which detects a rotation angle of the 
rotary shaft, a second detection part which detects a move 
ment amount of the feed shaft, and a calculation part which 
calculates the movement amount for each rotation of the 
rotary shaft when forming threads on the workpiece, based on 
the rotation angle detected by the first detection part and on 
the movement amounts detected by the second detection part. 
0008. The system may further comprise a display which 
displays the movement amount for each rotation calculated 
by the calculation part. The calculation part may calculate the 
movement amount for each rotation by using a predetermined 
rotation angle as a starting point. 
0009. The predetermined rotation angle may be a rotation 
angle of the rotary shaft at the point of time when the thread 
ing on the workpiece is started. The calculation part may 
further calculate at least one of a minimum value, a maximum 
value, and a mean value of the movement amount for each 
rotation. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0010. The above-described or other objects, features, and 
effects of the invention will be made clear from the following 
description of an embodiment with reference to the accom 
panying drawings. 
0011 FIG. 1 illustrates a block diagram of a machining 
system according to an embodiment of the invention; 
0012 FIG. 2 is a diagram for explaining the thread cutting 
process on the workpiece; 
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(0013 FIG. 3 illustrates a threaded workpiece: 
0014 FIG. 4 is a graph for explaining the principle of the 
system for calculating the thread pitch according to an 
embodiment of the invention, wherein the vertical axis rep 
resents a rotation angle of the rotary shaft, and the horizontal 
axis represents a movement amount of the feed shaft; 
0015 FIG. 5 is a diagram for explaining a predetermined 
rotation angle, and illustrating a workpiece viewed from an 
axial direction; and 
0016 FIG. 6 is a diagram of the workpiece shown in FIG. 
5 when viewed from a radial direction. 

DETAILED DESCRIPTION 

0017. An embodiment of the invention will be described in 
detail below based on the accompanying drawings. First, with 
reference to FIG. 1, a machining system 10 according to an 
embodiment of the invention will be described. Note that, in 
the following description, the axial direction indicates the 
direction along the rotation axis of a rotary shaft 20 and a 
workpiece W described later. 
0018. The machining system 10 is for threading on the 
workpiece W. and includes a controller 12, a first drive part 
14, a second drive part 16, a tool 18 for machining the work 
piece W, the rotary shaft 20 fixed to the workpiece W. and a 
feed shaft 22 fixed to the tool 18. 

(0019. The controller 12 controls the first drive part 14 and 
the second drive part 16 so that the first drive part 14 and the 
second drive part 16 operate in synchronization with each 
other. The first drive part 14 is comprised of e.g. a servo 
motor, and rotates the rotary shaft 20 about the rotation axis O 
in accordance with a command from the controller 12. As the 
rotary shaft 20 is rotated, the workpiece W is driven to rotate 
about the rotation axis O together with the rotary shaft 20. 
(0020. The second drive part 16 moves the feed shaft 22 
along the workpiece W in accordance with a command from 
the controller 12. In the present embodiment, the second drive 
part 16 moves the feed shaft 22 in the axial direction. For 
example, the second drive part 16 is comprised of a servo 
motor and a ball screw mechanism for converting the rota 
tional movement of the output shaft of the servo motor to the 
axial movement. Alternatively, the second drive part 16 is 
comprised of a linear motor. 
0021. As the feed shaft 22 is moved by the second drive 
part 16, the tool 18 moves along the workpiece W together 
with the feed shaft 22. When machining the workpiece W. the 
tool 18 is pressed against the outer periphery of the workpiece 
W, and forms threads 26 on the outer periphery of the work 
piece W. 
0022. The machining system 10 further includes a system 
30 for calculating the thread pitch of the threads 26 formed on 
the workpiece W. The system 30 includes a first detection part 
32, a second detection part 34, and a calculation part 36. The 
first detection part 32 detects a rotation angle 0 of the rotary 
shaft 20, and transmits it to the controller 12. The first detec 
tion part 32 is comprised of e.g. an encoder or a Hall element. 
0023 The second detection part 34 detects a movement 
amount of the feed shaft 22, and transmits it to the controller 
12. In the present embodiment, the second detection part 34 
detects a movement amount in the axial direction of the feed 
shaft 22. For example, when the second drive part 16 is 
comprised of a servo motor, the second detection part 34 
includes an encoder for detecting a rotation angle 6' of this 
ServO motor. 
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0024. In this case, the second detection part 34 converts 
the rotation angle 6' detected by the encoder to the movement 
amount S in the axial direction of the feed shaft 22, and 
transmits it to the controller 12. Alternatively, when the sec 
ond drive part 16 is comprised of a linear motor, the second 
detection part 34 may include a displacement sensor capable 
of directly measuring the movement amount S of the feed 
shaft 22. 
0025. In the present embodiment, the controller 12 has a 
function of the calculation part 36. The controller 12 func 
tions as the calculation part 36 so as to calculate a nominal 
thread pitch for control which corresponds to an actual thread 
pitch of the threads formed on the workpiece W. on the basis 
of the rotation angle 0 of the rotary shaft 20 received from the 
first detection part 32 and of the movement amount S of the 
feed shaft 22 received from the second detection part 34. This 
function will be described later. 
0026. The system 30 further includes a storage 38 and a 
display 40. The storage 38 is e.g. an electrically erasable and 
recordable nonvolatile memory such as EEPROM (registered 
trademark) or the like. 
0027. The controller 12 communicates with the storage 38 
and records or deletes data in/from the storage 38. The display 
40 is comprised of e.g. a liquid crystal display, an organic EL 
display, or the like. The display 40 receives image data from 
the controller 12 and displays an image corresponding to the 
image data. 
0028. Next, with reference to FIGS. 1 to 3, a method of 
threading the workpiece W by the machining system 10 will 
be described. When threading the workpiece W, the controller 
12 transmits a command to the first drive part 14 So as to rotate 
the workpiece W. 
0029. Then, the controller 12 transmits a command to the 
second drive part 16 so as to move the tool 18 arranged to be 
pressed against the outer periphery of the workpiece W in the 
axial direction, as indicated by an arrow 46 in FIG. 2. As a 
result, the tool 18 relatively moves on the outer periphery of 
the workpiece W in a spiral manner as indicated by a path 24 
in FIG.2, and forms a plurality of grooves of the threads 26 on 
the outer periphery of the workpiece Was shown in FIG. 3. 
0030 The threads 26 are successively formed from the 
point of time when the machining of the workpiece W is 
started so as to have thread pitches P. P., P., ... P. Each of 
the thread pitches P, P., P., ... P. corresponds to a movement 
distance 28 (FIG. 2) of the tool 18 in the axial direction when 
the workpiece Wrotates by one rotation (i.e., rotates 360°). 
0031 When executing the threading process, the control 
ler 12 controls the movement amount S of the feed shaft 22 
driven by the second drive part 16 with reference to the 
rotation angle 0 received from the first detection part 32. 
Specifically, the controller 12 calculates a value obtained by 
multiplying the received rotation angle 0 with a synchroniza 
tion ratio (the movement command value for the feed shaft 
22 corresponding to a predetermined thread pitch target value 
P/360°). 
0032. Then, the controller 12 transmits a movement com 
mand corresponding to the calculated value to the second 
drive part 16. In this way, the controller 12 controls the move 
ment amount S of the feed shaft 22 in synchronization with 
the rotation angle 0 of the rotary shaft 20 so as to form the 
threads 26 on the workpiece W by the pitches of the target 
Value Pra 
0033. However, thread pitches P, P., P., . . . P of the 
threads 26 which are actually formed on the workpiece W 
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may vary so as to deviate from the target value Pea due to 
various factors. The system 30 according to the present 
embodiment calculates nominal thread pitches for control 
corresponding to the actual thread pitches P. P. P. . . . P. 
based on the rotation angle 0 of the rotary shaft 20 and the 
movement amount S of the feed shaft 22. 
0034. The function of the system 30 will be described 
below. Note that, for easier understanding, it is assumed that 
the rotation angle 0 at the point of time when the threading on 
the workpiece W is actually started is set to 0°. After the 
threading is started, the controller 12 measures the rotation 
angle 0 of the rotary shaft 20 and the movement amount S(0) 
of the feed shaft 22 which corresponds to the rotation angle 0. 
via the first detection part 32 and the second detection part34, 
respectively. The movement amount S(0) indicates the move 
ment amount of the feed shaft 22 when the rotary shaft 20 is 
rotated by angle 0. 
0035. The controller 12 stores the rotation angle 0 and the 
movement amount S(0) received from the first detection part 
32 and the second detection part 34 in the storage 38. As an 
example, the controller 12 measures the movement amount 
S(0) of the feed shaft 22 at intervals of a predetermined 
rotation angle 0 (for example, 10'), and stores it in the storage 
38. In this way, the rotation angle 0 and the movement amount 
S(0) are stored in the storage 38 in association with each other. 
0036. Then, the controller 12 functions as the calculation 
part 36 so as to calculate the movement amount for each 
rotation of the rotary shaft 20 based on the obtained rotation 
angle 0 and movement amount S(0). Specifically, the control 
ler 12 reads out the movement amount (360°xn) which 
corresponds to the rotation angle 0–360°xn (“n” is a positive 
integer) from the storage 38, and calculates the movement 
amount P(n) for each rotation in accordance with the follow 
ing formula 1. 

0037. The technical idea of this calculation will be 
described in detail with reference to the graph in FIG. 4. The 
origin O in FIG. 4 indicates a point of time when the threading 
on the workpiece W is started. The value denoted by P(1) in 
FIG. 4 is calculated by assigning n=1 to above formula 1, and 
equal to the movement amount) (360°) of the feed shaft 22 
when the rotary shaft 20 rotates by 360° from the point of time 
when the threading is started. 
0038. The value P(1) correlates with the command value 
sent from the controller 12 to the first drive part 14 and the 
second drive part 16 during the first turn of the threads 26 (i.e., 
the leftmost thread 26 in FIG.3) is formed. The value P(1) can 
be considered as a nominal thread pitch P(1) for control which 
corresponds to an actual thread pitch P of the actually 
formed first turn of the threads 26. 

0039. On the other hand, a value denoted by P(2) in FIG.4 
is calculated by assigning in 2 to above formula 1. Specifi 
cally, P(2) is a value obtained by subtracting the movement 
amount (360°) from a movement amount S(720) when the 
rotary shaft 20 rotates by 720°. 
0040. The value P(2) correlates with the command value 
sent from the controller 12 to the first drive part 14 and the 
second drive part 16 during the second turn of the threads 26 
(i.e., the second thread 26 from the left in FIG. 3) is formed. 
The value P(2) can be considered as a nominal thread pitch 
P(2) for control which corresponds to an actual thread pitch 
P. 

(Formula 1) 
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0041. Similarly, a value denoted by P(3) in FIG. 4 is cal 
culated by assigning n=3 to above formula 1. Specifically, 
P(3) is a value obtained by subtracting the movement amount 
S(720) from a movement amount (1080) when the rotary 
shaft 20 rotates by 1080°. 
0042. The value P(3) correlates with the command value 
sent from the controller 12 to the first drive part 14 and the 
second drive part 16 during the third turn of threads 26 (i.e., 
the third thread 26 from the left in FIG. 3) is formed. The 
value P(3) can be considered as a nominal thread pitch P(3) 
for control which corresponds to an actual thread pitch P. 
0043. Thus, in the system 30 according to the present 
embodiment, the controller 12 functions as the calculation 
part 36 so as to calculate the movement amounts P(1) to P(n) 
for each rotation of the rotary shaft 20 (i.e., the nominal thread 
pitches P(1) to P(n) for control), based on above formula 1. 
The movement amounts P(1) to P(n) calculated in this way 
are illustrated in the following Table 1. 

TABLE 1. 

Rotation Angle 0 360 720 1080 — 360 x in 
Rotation Number “n” rev 1 2 3 l 
Movement Amount P(n) for 1.43 148 1.51 — 1.49 
Each Rotation mm 

0044. The controller 12 also calculates a maximum value, 
a minimum value, and a mean value of the calculated move 
ment amounts P(1) to P(n). The maximum value, the mini 
mum value, and the mean value calculated in this way are 
illustrated in the following Table 2. 

TABLE 2 

Max. Value mm 1.52 
Min. Value mm 1.43 
Mean Value mm 1...SO 

0045. The controller 12 stores data illustrated in Tables 1 
and 2 in the storage 38. Then, the controller 12 drives the 
display 40 to display the data. By this operation, the user can 
understand the rotation number “n” of the rotary shaft 20 and 
the movement amount P(n) corresponding to the rotation 
number “n”. As a result, it becomes possible for the user to 
compare the thread pitches P-P of the actually-formed 
threads 26 with the movement amounts P(1) to P(n) (i.e., the 
nominal thread pitches for control). 
0046 When inappropriate fluctuations are observed in the 
actual thread pitches P-P, the user can analyze the cause of 
such fluctuations by comparing the thread pitches P, with the 
movement amount P(n). This function will be described 
below. 
0047. It is assumed that, as a result of comparison between 
the actually-measured thread pitches P, to P, and the calcu 
lated movement amounts P(1) to P(n), similar tendencies are 
observed in changes among the thread pitches P to P, and in 
changes among the movement amounts P(1) to P(n) (for 
example, P, to PsPr-P, to P, and P(1) to P(3)<P-P(4) 
to P(n)). 
0048. As described above, P(n) is a nominal thread pitch 
P(n) for control which correlates with the command value 
sent from the controller 12 to the first drive part 14 and the 
second drive part 16 during the n-th turn of the thread 26 is 
formed. Therefore, when the similar tendencies are observed 
between P, and P(n), the fluctuation in the thread pitches is 

8 
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likely to be caused due to the control of the first drive part 14 
and the second drive part 16 by the controller 12. 
0049 Accordingly, in this case, the user can judge that it is 
possible to control fluctuations in the actual thread pitches P. 
to P. by adjusting the command value sent from the controller 
12 to the first drive part 14 and the second drive part 16. 
0050. On the other hand, it is assumed that no similar 
tendency is observed between fluctuation in the actually 
measured thread pitches P, to P, and fluctuation in the calcu 
lated movement amounts P(1) to P(n). In this case, the fluc 
tuation in the thread pitches is likely to be caused due to 
mechanical factors such as unevenness in rigidity of the work 
piece W or attachment of a foreign material to the workpiece 
W, other than the control by the controller 12. Accordingly, in 
this case, the user can judge that a countermeasure against the 
mechanical causes needs to be taken. 
0051. Thus, when inappropriate fluctuations occur in the 
actual thread pitches P to P, the user can analyze the cause 
of the fluctuations by comparing the thread pitch P with the 
movement amount P(n). Due to this, the user can take coun 
termeasures effectively in order to reduce Such inappropriate 
fluctuations. 
0.052 Further, according to the present embodiment, the 
user can visually check the data tables as shown in Tables 1 
and 2 via the display 40. Due to this, the user can effectively 
compare the actual thread pitch P and the calculated move 
ment amount P(n), and analyze them. 
0053. In the above-mentioned embodiment, from the 
viewpoint of easier understanding, a case was described 
where the rotation angle of the workpiece W at the point of 
time when the threading on the workpiece is started is set to be 
0°, and the movement amounts P(1) to P(n) for each rotation 
are calculated by using 0–0 as a basis (starting point). How 
ever, the controller 12 may calculate the movement amounts 
P(1) to P(n) for each rotation by using a predetermined rota 
tion angle 0s as a basis. This configuration will be described 
with reference to FIGS. 5 and 6. 
0054) A dotted line 42 in FIG. 5 indicates a position of the 
tool 18 with respect to the workpiece W at the point of time 
when the machining system 10 starts the operation. At this 
time, the controller 12 starts to operate of the rotary shaft 20, 
the feed shaft 22, the first detection part 32, and the second 
detection part 34, and acquire data on the rotation angle 0 and 
the movement amount S. 
0055. On the other hand, when the rotary shaft 20 is 
rotated by a predetermined rotation angle 0s, the tool 18 is 
arranged at a position where the tool 18 is rotated relatively to 
the workpiece W by angle 0s from the position indicated by 
the dotted line 42, as indicated by the dotted line 44 in FIGS. 
5 and 6. 
0056. The user can instruct the controller 12 so as to cal 
culate the movement amounts P(1) to P(n) for each rotation 
by using the rotation angle 0s as a basis (starting point). 
When receiving such instruction from the user, the controller 
12 calculates the movement amounts P(1) to P(n) for each 
rotation in accordance with the following formula 2. 

0057 With this formula, the controller 12 can calculate the 
movement amounts P(1), P(2), ... P(n) for each rotation from 
the rotation angle 0s. Then, the user can compare these 
movement amounts P(1), P(2). . . . P(n) with actual thread 
pitches P. P. P. . . . P at the position of the dotted line 44 
in FIG. 6. 

(Formula 2) 
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0058. The predetermined rotation angle 0s may be 
defined as a rotation angle of the rotary shaft 20 at the point of 
time where the threading (i.e., machining) on the workpiece 
W is actually started. In this case, the users can evaluate the 
fluctuations in the thread pitches P to P, on the basis of the 
starting point of the threads 26. 
0059. Further, the controller 12 may calculate the move 
ment amounts P(1) to P(n) for each rotation by using a plu 
rality of predetermined rotation angles 0, 0, . . . 0s as 
bases (starting points). As an example, the following Table 3 
are represented in which the movement amounts P(1) to P(n) 
for each rotation are calculated by using the rotation angles 
0s to 0s as bases. 

TABLE 3 

Rotation Angle 0 | 

360 720 1080 360 x in 
Rotation Number 'n' rew 

1 2 3 l 

Movement 6.1 1.43 148 1.51 148 
Amount for 62 1.42 1.47 1.51 1.47 
Each Rotation 6.3 1.42 148 1.52 148 
P(n) mm 64 1.43 1.49 1.51 1.49 

0060. In this case, the controller 12 may further calculate 
minimum values, maximum values, and mean values of the 
movement amounts P(n) calculated by using the plurality of 
predetermined rotation angles 0s to 0s, as bases. As an 
example, maximum values, minimum values, and mean Val 
ues of the movement amounts P(n) corresponding to the 
rotation angles 0s to 0s in Table 3 are illustrated in the 
following Table 4. 

TABLE 4 

Max. Value Min. Value Mean Value 
mm mm mm 

6.1 1.52 1.43 1...SO 
62 1.51 1.42 1.49 
6.3 1.52 1.42 1...SO 
64 1.51 1.43 1.51 

0061 Thus, according to the present embodiment, the user 
can calculate the movement amounts P(n) by using the plu 
rality of rotation angles 0s to 0s, as bases, and evaluate the 
fluctuations in the thread pitches at the positions of the rota 
tion angles 0s to 0s. Due to this, the user can analyze the 
fluctuations in the thread pitches in more detail. 
0062. In the above-mentioned embodiment, a case was 
described where the system 30 includes the display 40 to 
display the calculated movement amounts P(1) to P(n). How 
ever, the system 30 may not include the display 40. For 
example, instead of applying the display 40, the system 30 
may inform the user of the calculated movement amounts 
P(1) to P(n) by printing the movement amounts on a print 
medium. 
0063. The system 30 may also transmit the calculated 
movement amounts P(1) to P(n) to an external device via a 
network. Otherwise, the system 30 may only store the calcu 
lated movement amounts P(1) to P(n) as data, without inform 
ing the user. 
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0064. In the above-mentioned embodiment, a case where 
the system 30 includes the storage 38 was described. How 
ever, the system 30 may, for example, transmit the calculated 
movement amounts P(1) to P(n) to an external device via a 
network and make the external device to store the movement 
amounts therein. 
0065. In the above-mentioned embodiment, a case was 
described where the calculation part 36 of the system 30 is 
included in the controller 12 of the machining system 10. 
However, the calculation part 36 may be constituted as an 
independent component separated from the controller 12. 
0066. The invention was described above through an 
embodiment thereof, but the invention is not limited to the 
above embodiment. An embodiment that is a combination of 
features described in the present embodiment of the invention 
may also be included in the technical scope of the invention. 
However, all combinations of these features may not always 
be indispensable to a solution of the invention. Furthermore, 
it is clear for a person skilled in the art that it is possible to 
apply various modifications and improvements to the present 
embodiment described above. 
0067. Note that the execution sequence of respective 
operations, such as functions, procedures, steps, processes, 
and phases, in the devices, the systems, the programs, and the 
methods described in the claims, the description, and the 
drawings does not specifically include an expression 
“before”, “inadvance', or the like, and may be carried out in 
any order unless an output from a preceding operation is used 
in a Succeeding operation. Even if an operation flow in the 
claims, the description, and the drawings is described by 
using expressions “first”, “next”, “then or the like for con 
Venience, it does not mean that carrying out in this order is 
indispensable. 
What is claimed is: 
1. A system for calculating a thread pitch of threads formed 

on a workpiece by a synchronized operation between a rotary 
shaft which rotates the workpiece and a feed shaft which 
feeds a tool, comprising: 

a first detection part which detects a rotation angle of the 
rotary shaft; 

a second detection part which detects a movement amount 
of the feed shaft; and 

a calculation part which calculates the movement amount 
for each rotation of the rotary shaft when forming 
threads on the workpiece, based on the rotation angle 
detected by the first detection part and on the movement 
amount detected by the second detection part. 

2. The system according to claim 1, further comprising a 
display which displays the movement amount for each rota 
tion calculated by the calculation part. 

3. The system according to claim 1, wherein 
the calculation part calculates the movement amount for 

each rotation by using a predetermined rotation angle as 
a starting point. 

4. The system according to claim 3, wherein 
the predetermined rotation angle is a rotation angle of the 

rotary shaft at the point of time when the threading on the 
workpiece is started. 

5. The system according to claim 1, wherein 
the calculation part further calculates at least one of a 
minimum value, a maximum value, and a mean value of 
the movement amount for each rotation. 

k k k k k 


