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Abstract

This paper presents the development of a new canned cycle for CNC milling machines capable of cutting threads with variable
pitch, addressing a significant limitation in modern CNC systems. While existing CNC milling machines provide canned cycles
for thread cutting, they lack the capability to program variable pitch, necessitating reliance on CAM systems. In response, the
proposed canned cycle offers increased flexibility, quicker setup times, and reduced dependence on CAM systems. The cycle
accommodates both internal and external threads, supports left-hand or right-hand threading, and incorporates a user-friendly
control panel for easy programming. To validate its efficiency, the canned cycle is implemented using a G-code parametric
algorithm, and a series of simulation tests are conducted. The results demonstrate the viability and advantages of the new CNC
milling feature in cutting threads with variable pitch, opening up possibilities for various mechanical applications.

Keywords CNC machining - Canned cycles - Milling - Interpolation algorithms

1 Introduction

Canned cycles in CNC machines are pre-programmed
sequences of commands that simplify and automate specific
machining operations [1-3]. Their importance is acknowl-
edged since they reduce the complexity of manual program-
ming, and improve operational efficiency. Canned cycles pro-
vide a range of predefined commands customized to various
machining tasks, such as pockets, slots, drilling, and more. For
example, a pocket canned cycle enables the efficient machining
of rectangular or circular pockets with defined parameters like
dimensions, depths, and feedrates. By utilizing canned cycles,
machinists can easily and accurately execute common machin-
ing operations, saving time and ensuring consistent results.
Thread cutting is a commonly performed machining
operation across various machine tools, and thread milling
provides a highly valuable option for numerous applications,
serving as an advantageous alternative to thread forming [4].
Among CNC machines, drill tap centers, turning centers,
and milling centers are the primary choices for machinists,
depending on their availability within the manufacturing unit.
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To streamline the threading process, CNC machines offer
specialized thread canned cycles to programmers. By utiliz-
ing these canned cycles, users can efficiently set up the opera-
tion by inputting the required values for parameters such as
feedrate, workpiece’s radius, pitch, and depth into the control
system. When it comes to CNC milling machines, nearly all
types offer one or more canned cycles specifically designed
for thread cutting. However, a thorough examination of the
instruction sets within leading CNC milling systems exposes
anotable limitation. Despite the inherent versatility and func-
tionality of CNC milling machines, they currently lack the
capability to program variable pitch threads using canned
cycles, thus requiring reliance on CAM systems.

In precise engineering and manufacturing fields, the
variable pitch threads are required for various applications,
including components or parts for automotive vehicle engines,
aerospace systems’ fasteners, and medical implants [5-8].
The various applications of variable pitch threads reveal the
imposed need for simplified and easy programming in order
to generate variable pitch threads. However, traditional
CNC systems pose programming limitations which result in
increased manufacturing costs. The present study addresses
pertinent challenges in manufacturing with the introduction
of a novel method which attempts to innovate in the machin-
ing of variable pitch threads. Thus, limitation of conventional
CNC systems can be surpassed, while with the new method it
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G267 OUTSIDE THREAD MLLNG

Q335=+10 >NOMINAL DIAMETER
Q239=+1.5 ;THREAD PITCH
Q201=-18 ;DEPTH OF THRERD
Q355=+1 >THREADS PER STEP
Q253=+750 ;F PRE-POSITIONING
Q351=+1 ;CLIMB OR UP-CUT
Q200=+2 3SET-UP CLERRANCE
Q358=+0 >DEPTH AT FRONT
Q359=+0 ;OFFSET AT FRONT
QZ203=+0 >SURFACE COORDINATE
Q204=+50 32ND SET-UP CLERRANCE
Q254=+200 ;F COUNTERBORING
Q207=+500 ;FEED RATE FOR MILLNG
Q512=+0 sFEED FOR APPRORACH#*

.

GZE62WTHREAD MILLING

Q335=+10 >NOMINAL DIAMETER
Q238=+1.5 ;THREAD PITCH
Q201=-18 ;DEPTH OF THRERD
Q355=+1 >THREADS PER STEP
Q253=+750 ;F PRE-POSITIONING
Q351=+1 CLIMB OR UP-CUT
Q200=+2 ;SET-UP CLERRANCE
Q203=+0 >SURFACE COORDINATE
Q204=+50 32ND SET-UP CLERRANCE
QZ207=+500 ;FEED RATE FOR MILLNG
Q0512=+0 ;FEED FOR RPPRORCH#*

Fig.1 G262/ G267 — Internal / External thread milling canned cycles of Heidenhain control

a Single-form cuter

ALY

b Multi-form cutter

Fig. 2 Basic types of thread milling cutters

is envisaged that the manufacturing process will be optimized,
as well as new options for flexible and improved designs and
optimal products can be achieved.

The present paper presents a creative canned cycle for mill-
ing variable pitch threads. The work presented is aligned with
the current trends in CNC machining, which are characterized
by an expansion in research efforts to create new machining
techniques suitable for specific requirements and capabilities
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with enhanced features. The main idea of this new canned
cycle is based on a G-code parametric interpolation algorithm,
which is carefully designed to guide the cutting tool along the
defined path. The cycle prioritizes two crucial factors, namely
ease of use in programming and the ability to provide compre-
hensive solutions for cases involving variable pitch threads.
A user-friendly framework is developed through an intuitive
control panel, which allows users to input the necessary data
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for their specific machining needs. Simultaneously, the system
offers flexibility by enabling users to define thread character-
istics via the control panel, and by setting precise configura-
tion of parameters, including workpiece radius, initial or final
pitch, number of turns, left or right-hand threading, feed rate,
and spindle speed.

The rest of the paper is organized as follows: Sect. 2
provides a review of the existing thread milling techniques
applied in modern CNC milling controllers. Section 3
describes the platform of parametric programming and the
functions it can perform. Section 4 presents the develop-
ment of the G-code parametric interpolation algorithm and
its embodiment under specific G-codification in the control
of a CNC milling machine. Section 5 demonstrates the func-
tionality of the new canned cycle through a series of simula-
tion tests. Finally, Sect. 6 summarizes the conclusions of the
paper, highlighting the potential advancements in CNC mill-
ing and its benefits for various industries requiring threads
with variable pitch.

2 Existing thread milling techniques

In this section, the focus is on exploring the thread milling
operation provided by widely used commercial CNC milling
machine controllers. It examines the programming aspects
of these controllers, which offer specific functionalities for
both external and internal threading operations.

Fig. 3 External thread milling with a multi-form cutter

2.1 Heidenhain control

Heidenhain control system [9] provides a range of param-
eters denoted as Q, allowing users to program both inter-
nal and external threading operations (Fig. 1). By using
parameter Q355 with a value of either 0 or 1, users can
specify the type of cutter they wish to utilize, whether it is
a single form or multi-form thread milling cutter (Fig. 2).

2.2 HAAS control

For HAAS control [10], thread milling involves employing
a conventional G02 or GO3 command to achieve circular
motion in the X-Y plane, followed by a Z-axis command to
establish the desired thread pitch. This process completes one
revolution of the thread, while the remaining revolutions are
generated by the teeth of the multiple-form cutter (Fig. 3).

A typical code line for this operation might appear as
follows:

N100 GO2I—-40.0 Z — 1.5F 100 (HAAS code)

This line creates a 1.5 mm pitch thread with a 40 mm radius.

2.3 FANUC control

Similarly, for FANUC control [11], thread cutting using an
appropriate fitting tool is facilitated through the dedicated
G33 code, as shown in Fig. 4.

The corresponding G-code line takes the following format:

N100 G33 Z - 50. F1.5 (FANUC code)

Parameters Z and F represent the hole depth and pitch,
respectively, creating a 1.5 mm thread in a 50 mm depth hole.

Fig.4 Internal thread milling with a fitting tool
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Despite the convenience of these programming techniques,
they share a common limitation—the absence of provisions for
threads with variable pitch. Existing programming approaches
rely on predefined cycles with fixed pitch values, while cases
requiring variable pitch threads often require CAM system inter-
pretation, involving laborious design and calculation processes.
In response to this limitation, the present work introduces an
innovative canned cycle, allowing straightforward and user-
friendly programming of threads with variable pitch. This new
cycle is developed using a parametric programming language,
present in all modern CNC controls under various names.

3 CNC parametric programming

CNC parametric programming is a versatile platform acces-
sible in widely used controllers, known by different names
based on the specific controller, such as Fanuc custom macro
B, Fadal macro, Okuma user task, and Heidenhain parametric
technique. This platform has been utilized by several research
works [12-16] to interpret challenging machining cases.
This section focuses on providing a detailed description of
Heidenhain's parametric programming, which is the program-
ming language utilized in this paper. For an in-depth understand-
ing of the language, readers are referred to Lynch's comprehen-
sive work [17]. In the Heidenhain control system, parameters
are identified using the letter Q followed by an integer number.
These parameters can be assigned numerical values directly or
through arithmetic or trigonometric operations. The Q param-
eters can also be dynamically updated during program execution
and continuously checked to determine if they meet specific
conditions, thereby influencing the program flow. Apart from
the Q parameters, the letter D is used to encode various func-
tions, with specific functions denoted by numbers 1 to 13 (refer
to Table 1). To provide a clear understanding of the language’s

Z Y

n - numberoftums

.|
5|
C 3

R- radius

Fig.5 The elements of a helix

structure, the table includes examples and explanations for each
individual D code. It is important to note that Q parameters and
fixed numerical values can coexist within the same function,
enabling greater flexibility in programming.

4 Development of the G-code parametric
interpolation algorithm

4.1 Design considerations

The development of an advanced, accurate, and user-friendly
canned cycle for milling threads with variable pitch required

Table 1 Explanation of parameters employed in the Heidenhain control system

D CODE FUNCTION EXAMPLE EXPLANATION

D00 Assignment D00 Q1 PO1 20 Assignment of the value 20 to parameter Q1
DO1 Addition D01 Q2 P01 Q3 P02 Q4 The result of (Q3 +Q4) is assigned to Q2
D02 Subtraction D02 Q5 P01 Q6 P02 8 The result of (Q6 — 8) is assigned to Q5
D03 Multiplication D03 Q8 P01 Q9 P02 -2 The result of (-2)(Q9) is assigned to Q8
D04 Division D04 Q10 PO1 Q11 P02 4 The result of Q11/4 is assigned to Q10

D05 Square root D05 Q12 PO1 Q13 The square root of Q13 is assigned to Q12
D06 Sine D06 Q14 P01 Q15 The result of sin(Q15) is assigned to Q14
D07 Cosine D07 Q16 P01 Q17 The result of cos(Q17) is assigned to Q16
D09 If equal, jump D09 P01 Q20 P02 5 P03 1 If Q20 is equal to 5, jump to label 1

D10 If not equal, jump= D10 P01 Q21 P02 Q22 P03 2 If Q21 is not equal to Q22, jump to label 2
D11 If greater, jump D11 P01 Q23 P02 0 P03 3 If Q23 is greater than 0, jump to label 3
D12 If less, jump D12 P01 Q24 P02 0 P03 4 If Q24 is less than 0, jump to label 4

D13 Calculate angle D13 Q30 PO1 Q25 P02 Q26 The result of arctan(Q25/Q26) is assigned to Q30
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careful consideration of several key factors. The algorithm
was designed to meet specific performance objectives, ensure
ease of use during programming, and offer flexibility for com-
prehensive coverage of threading cases. Performance: The
primary objective of the canned cycle was to enable efficient
thread cutting with variable pitch on CNC milling machines.
To achieve this, the algorithm needed to support both internal
and external threads, accommodate left- or right-hand thread-
ing, and allow for the selection of variable pitch by defining
either the starting or ending pitch alongside the number of
turns. The tool step motion needed to be adjustable, allow-
ing machinists to set the desired precision. User-friendliness:
The canned cycle aimed to accommodate the programming
process and minimize the need for complex CAM system
interpretations. A dedicated control panel was designed as an
interface between the user and the canned cycle. The control
panel incorporated all the necessary parameters, simplifying
data input and reducing the risk of errors during programming.
Flexibility: Recognizing the diversity of threading cases in
practical applications, the algorithm was designed with the
capability to adapt to various cases. The control panel allowed
users to input specific values for parameters such as helix
radius, starting or ending pitch, number of turns, left-hand or
right-hand thread, feedrate, and spindle speed, thereby provid-
ing comprehensive flexibility in programming.

4.2 3D Helical motion for milling threads
with variable pitch

In order to cut threads with variable pitch on a 3-axis CNC
milling machine, the capability of generating 3D motion along

Table2 Summary of Q parameters used by the algorithm and their
descriptions

Parameter Q Description
Q1 0 for left-hand thread, 1 for right-hand thread
Q2 0 for increasing pitch, 1 for decreasing pitch
Q3 Pitch — p (mm)
Q4 R, +R, for external threads
R, R, for internal threads
Q5 Number of turns—n
Q6 Precision step—t
Q7 Feedrate F (mm/min)
Q8 Spindle speed S (rpm)

a helix with a variable pitch is essential. This necessitates
obtaining the solution of parametric equations x(t), y(t), z(t)
of the helix within an interpolation algorithm framework. The
parametric equations of a helix [18] with constant radius and
pitch are given by Eq. 1 (Fig. 5).

x(t) = Rsin(360nt)

¥(t) = Rcos(360nt) (1)
z(t) = npt

where,

R the radius of the helix

n the number of turns

p the pitch

t  the variable €[0...1] A dimensionless parameter that

defines the accuracy of the generation of helix's shape

-50

-100

-150 .|
50

a A left-hand thread with increasing pitch (R= 50, n=5, p=25)

b A right-hand thread with decreasing pitch (R= 60, n=8, p=30)

Fig.6 The two types of thread with variable pitch (a. increasing, b. decreasing)
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't' serves a dual purpose in defining the helix's geometry. First,
it determines the angular step position for X and Y coordinates.

As 't' varies from 0 to 1, it effectively traces the path around
the helix in an angular sense. Second, 't' simultaneously controls
the vertical departure from the starting point, which is expressed
by the Z coordinate. Therefore, it plays a pivotal role in defining
both the planar angular position and the vertical position along
the helix. A smaller value of 't' yields shorter linear segments,
which, in turn, enhances the precision of the traced helix.

For a helix with a constant radius and variable pitch, the
equations (Eq. 1) can be expressed as follows:

x(t) = Rsin(360nt)
¥(t) = Rcos(360nt) )
z(1) = npt2

To adapt these equations based on the CNC milling
machine's tool-part setup, allowing the tool to move from

Fig.7 Flowchart of the main
program

the top to the bottom of the part with the upper surface con-
sidered as Z =0, the following adjustments are made for the
case of an increasing pitch:

x(t) = Rsin(360nt)
¥(t) = Rcos(360nt) 3
2(t) = —npt?

Accordingly, for the case of a decreasing pitch the equa-
tions take the form:

x(t) = Rsin(360nt)
¥(t) = Rcos(360nt) 4)
2ty =np(1 —1)* = np

Furthermore, by exchanging the sine and cosine functions
in the first two equations, it is possible to achieve a left-hand

or right-hand thread type. The verification of the two cases, a
left-hand thread with increasing pitch (R =50, n=5, ending

I

INITIALIZE PARAMETERS Q1 - Q8

4

TOOL CALL

4

DRIVE TOOL AT STARTING POSITION
X=Q4, Y=0, 2=0
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pitch p=25) and a right-hand thread with decreasing pitch
(R=60, n=38, starting pitch p=30), is depicted graphically
in Fig. 6 through two distinct numerical examples.

4.3 Implementation of the G-code algorithm

The G-code algorithm is formulated within the environ-
ment of Heidenhain control. Additionally, it can be easily
translated for use with any other CNC control that supports
parametric programming. Inputting the required thread data
and cutting conditions into the G-code algorithm is achieved
through the utilization of Q parameters (see Sect. 3). The
algorithm comprises a main program and four subpro-
grams. The main program initializes thread data by setting
parameters Q1-Q8 (Table 2), drives the cutter to the starting
point, and controls the execution flow towards one of the
four subprograms. Each of the four subprograms is specifi-
cally designed to handle a distinct case of threads, namely:
right-hand decreasing pitch, right-hand increasing pitch,
left-hand decreasing pitch, and left-hand increasing pitch.
The flowcharts in Figs. 7 and 8 form the basis for devel-
oping the G-code parametric algorithm, as they illustrate
the logical structure of the main program and the four sub-
programs. While the flowchart of the subprogram (Fig. 8)
represents the case of a right-hand decreasing pitch thread,
similar flowcharts can be easily generated using the appro-
priate equations for the other three cases.

The zero-reference point is positioned at the top center of
the helix. Driving the tool to the starting position involves
two steps. The first step is common for both external and
internal threads, where the tool is directed to the zero-refer-
ence point. In the second step, for internal threads, the tool
is driven linearly at X=R-R,, Y=0, and Z=0, while for
external threads, it moves to X=R,;+R,, Y=0, and Z=0,
(with R, representing the helix radius and R, the tool radius).
The user initializes this value through the Q4 parameter.

Based on the flowcharts presented above, the logic
depicted in them facilitated the development of the G-code
parametric algorithm. The corresponding code, along with
accompanying comments, is provided in Tables 3 and 4.
Table 3 presents the main program, while Table 4 details
subprogram 1. The remaining three subprograms were
developed by utilizing the appropriate equations.

4.4 Format of the new cycle

Generally, canned cycles are standardized and codified
using a G-code in conjunction with a series of parameters.
It is important to note that CNC controllers intentionally
reserve certain G-codes for future use, allowing for custom-
ized implementations and increased flexibility. Specifically,

SUBPROG-1

|

INITIALIZE VALUE OF PARAMETER t
Q10=0

bt

INCREMENT PARAMETER t
Q10=Q10+0Q6

»
L
~

SOLVE EQUATIONS X, Y, Z
RIGHT-HAND DECREASING PITCH

4

EXECUTE LINEAR STEP-MOTION
GO1

U

INCREMENT PARAMETER t
Q10=Q10+ Q6

U

g Q10>1

I Y

Fig.8 Flowchart of SUBPROG-1

in the context of Heidenhain control, the unassigned G100
code has been selected for the proposed implementation.
Complementary data required for the canned cycle can be
expressed through a statement following the format:

G100 PO1 xx P02 xx
P03xx P04 xx P05 xx P06 xx,
xx, xx PO7xx PO8xx
Within this format, the G100 code is suggested to rep-
resent the canned cycle for milling threads with variable

pitch. The parameters POO to PO8 are utilized to specify
the following:

@ Springer
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Table 3 List of G-code for the
main program

Main program (Heidenhain G-code) Comments

%THREAD_VAR G71 *

N1@ De® Q1 PO1 +1x

N20 Doo Q2 PO1 +1x

N30 Deo Q3 PO1 +30@%

N4@ Deo Q4 POl +60x

NS@ Deo QS PO1 +8x

NE® D@ Q6 PO1 +0.001x

N70 Do® Q7 PO1 +100%

N80 Do® Q8 PO1 +400x

NS® T1 G17 SQ8*

N10@ M3

N110 GS© GO® X+0 Y+0 Z+20%
N120 GOl Z+0 FQ7x

N130 D@l QS POl +Q1 POz +Q2Zx
N140 DeS Pel +Q9 P@2Z +2 PO3 1x
N150 DeS Pel1l +Q9 PezZ +@ P@3 2x
N160 DeS Pel1l +Q1 P@Z2 +1 P@3 3x
N170 % SUBPROG-3.I

Input thread data and cutting conditions
(Initialization of parameters Q1-Q8)

Tool call — Start rotation CW
Position tool at zero-reference point

Check the type of thread and direct the flow to
one of the 4 subprograms

Table 4 List of G-code for the
Subprogram-1

N180 L4x

N190 G98 L1x

N200 % SUBPROG-1.I
N210 L4x

N220 G98 L2

N230 % SUBPROG-4.I
N240 L4x

N250 G98 L3x

N26@ % SUBPROG-2.I
N270 G98 L4x

N280 GOO X+0 Y+0Ox
N290 Goo Z+100x
N300 M30x*
NS9988998 %THREAD_VAR G71

Subprogram-3: Left-hand decreasing
Subprogram-1: Right-hand decreasing
Subprogram-4: Left-hand increasing

Subprogram-2: Right-hand increasing

Retract tool

Program end

Subprogram-1 (Heidenhain G-code) Comments
%SUBPROG-1 G?71 #

N1@ D@O® Q1@ P@1 +0x

NZ0 DP1 Q10 P21 +Q10 P@2 +Q6% Update parameter t.
N3@ G98 L5#

N4@ D@3 Q11 P@1 +Q10 P@2 +Q5x Set a label.

NS@ De3 Q12 PO1 +Q11 P@2 +360%
NE@ DOE Q13 PO1 +Q12%

N7@0 D@07 Q14 PO1 +Q12%

N8@ DO3 Q30 PO1 +Q13 P@2Z +Q4x
NS@ De3 Q31 POl +Q14 POZ +Q4x
N1@e De3 Q15 POl +Q3 P@Z +QS5*
N110 D@2 Q16 POl +1 P2 +Q10*
N120 D@3 Q17 POl +Q16 P@Z +Q16*
N130 D@3 Q18 POl +Q15 POZ +Q17x
N149 D@z Q@32 POl +Q18 POZ +Q15x
N150 G@1 X+Q30 Y+Q31 Z+Q32%
N16@ D@1 Q10 PO1 +Q10 P2 +QB6x*
N170 D12 P@1 +Q10 P@Z2 +1 P@3 5%
N88998898 %SUBPROG-1 G71 *

Solve equations for right-hand decreasing pitch.

Execute a 3D step linear motion.

Check the end condition. Repeat the cycle or
return to the main program

P01 — O for left — hand thread, 1 for right — hand thread P02 — O for increasing pitch, 1 for decreasing pitch
P04 — R, + R,for external threads, R; — R,for internal threads

P03 — the pitch(mm)
PO5 — the number of turns
P07 — Feed rate F(mm/min)

@ Springer

P06 — step for parameter ¢
P08 — spindle speed S(rpm)
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Fig.9 Control panel for vari-
able pitch thread milling

Fig. 10 Control panel of Test-1

In all cases, the appropriate tool for threading is a single-
form cutter (Fig. 2a).

4.5 The control panel

To ensure a user-friendly environment and prevent the
entry of unacceptable values, a control panel (Fig. 9)
has been designed using a high-level programming lan-
guage. This panel incorporates all the necessary param-
eters that need to be updated for any new desired case

of variable pitch thread cutting. By appropriately com-
pleting the designated fields and pressing the “G” button,
the corresponding values are transferred to the respective
parameters PO1...PO8 in the G100 statement. The com-
pleted statement is then displayed on the screen, ready
to be transferred to the CNC controller. In addition to its
user-friendly interface, the panel includes a built-in valida-
tion mechanism that checks the inserted values for accept-
ability. Only when all the values are valid does the G100
statement is displayed ready for further processing.
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Fig. 11 Simulation result of
Test-1: Left-hand increasing
pitch (R=40, p=20,n=35,
t=0.01, F=100, S=400)

Fig. 12 Control panel of Test-2
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X iTNEs30

Manual
operation

%THREAD_VAR G71 *
N1@ Do@ Q1 POl +0x

N20 DO® Q2 PO1 +0x*

N30 Do Q3 POl +20%

N4@ DO® Q4 PO1 +40%

N5@ DO® Q5 PO1 +5%

NE@ DO2 O6 PO1 +0.01%

N70 DO@ Q7 PO1 +100%

N80 D02 Q8 PO1 +400%

NS@ T1 G17 SQ8

N10@® M3x

N110 GSO GO0 X+@ Y+0 Z+20%
N120 GO1 Z+@ FQ7x

N13@ D@1 QS POl +Ql1 P@OZ +Q2x
N140 D@S POl +QS POZ +2 P@3 1x
N15@ DeS POl +QS POZ +0 PO3 2x
N1E@ D@S POl +Ql1 PO2 +1 P@3 3*
N170 % SUBPROG-3.I

N18@ L4x

N1S@ GS8 L1x

N200 % SUBPROG-1.I

N210 L4*

N220 G98 L2Zx

N230 % SUBPROG-4.I

N240 L4x*

N250 G98 L3*

N26@ % SUBPROG-2.I

N270 G98 L4x

N280 GOO X+0 Y+Ox

N290 Goo Z+100%

N300 M30x

N999899998 %THREAD_VAR G71 *

30 H +60 V 2z

o
o

CUTTING CONDITIONS
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Fig. 13 Simulation result of X imies30
Test-2: Left-hand increasing
pitch (p=20, R=40,n=5,

t=0.001, F=100, S=400)

Manual
operation

Programming and editing

%THREAD_VAR G71 *

N1e Dee PO1 +0%
N20 Deo PO1 +0x
N3@ Doe PO1 +20%
N4e Dee PO1 +40%
NS@ Dee P@1 +5x%
NE@ Doeo P@1 +0.001%
N70 Dee POl +100%
Nge Doe PO1 +400%
NSe T1 G17 SQ8x

N1oe
N11@
N1ze
N130
N140
N15@
N16@
N17e
N1gse
N1Se
N2zoe
NZ10
N220e
N230
N2z40
N250
NZ60
N270
N2ge

M3x
GSe
Go1
Do1

GO0 X+@ Y+0 Z+20%
Z+0 FQ7%

QS PO1 +Q1 PO2
Do9 P@1 +Q8 P02 +2
Des Po1 +Q9 POz +0
De9 PO1 +Q1 POZ2 +1
% SUBPROG-3.I

Lax

G98 L1x

% SUBPROG-1.I

Lax

G98 L2x

% SUBPROG-4.I

Lax

G98 L3*

% SUBPROG-2.I

G98 L4ax*

GO0 X+0 Y+0x

N290 GO0 Z+100x

N300 M30x

N88988998 %THREAD_VAR G71

+Q2%

P@3 1%
PO3 2k
P@3 3%

=
\\\\
v\
4\[ )
.\<f /.
4

\
\\
\
~
/(
//
N ////
=
[

/f
1/

-
A

A

30 H +60 V 2z

BEGIN END

PAGE

PAGE START

SINGLE +

FIND START

Fig. 14 Control panel of Test-3

THREAD DATA

THREAD TYPE
LEFT =0 RIGHT =1 |1

RADIUS -R 49
VARIABLE PITCH-P |39

NUMBER OF TURNS - N l'8

PRECISION STEP - t ]0_001

DEC = 1 |1

INC =0

CUTTING CONDITIONS

FEEDF | 100

SPEED S 1400

I G100 P01 1 P02 1 P03 30 P04 40 P05 8 P06 0.001 PO7 100 P08 400

5 Simulation tests

The simulation tests (Figs. 10, 11, 12, 13, 14, 15, 16, and
17) demonstrate the performance of the proposed canned
cycle for different cases of variable pitch thread cutting
on CNC milling machines. TEST-1 and TEST-2 focus on
the left-hand increasing pitch case with variations in pre-
cision (t=0.01 and t=0.001), which is a useful option

when performing roughing and finishing operations. On
the other hand, TEST-3 and TEST-4 explore the right-
hand decreasing pitch case, showcasing the cycle's adapt-
ability to varying radii (R=40mm, R =60mm), pitch
(30mm, 25mm), and turns (8 and 12). Each simulation test
is associated with its respective and appropriate update of
the control panel, describing the corresponding threading
case.
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Fig. 15 TEST-3: Simulation X imcs:0
result of Test-3: Right-hand Manual
decreasing pitch (p =30, operation
R=40,n=38,t=0.001, F=100,

S=400) %THREAD_VAR G71
N1© D@0 Q1 POl +1x

N2@ D@0 G2 POl +1x

N3@ De@ Q3 P@1 +30x

N4@ D@ Q4 P@1 +40x

N5@ D@@ G5 POl +8x

NE@ D@0 Q6 PO1 +0.001x

N7@ D@@ Q7 P@1 +100%

NS@ D@ 08 PRl +400%

NS@ T1 G17 S08x

N1@@ M3x

N110 GSO GOO X+@ Y+ Z+20%

N120 GO1 Z+@ FQ7x

N130 D01 Q9 PO1 +Q1 POZ +G2x

N14@ DOS P@1 +Q9 PO2 +2 PO3 1x

N15@ D@S P@1 +Q3 PO2 +@ PO3 2x

N16@ D@S P@1 +Q1 P@2 +1 P@3 3x

N17@ % SUBPROG-3.I

N18@ L4x

N19@ G898 L1x

N20@ % SUBPROG-1.I

N210 L4x

N220 G398 L2x

N23@ % SUBPROG_4.I

N240 L4x

N250 G898 L3x

N2E6@ % SUBPROG_Z.I

N270 G38 L4x

N280 GOO X+@ V+0x

N290 GOe Z+100x

N30@ M30x

N99999999 %THREAD_VAR G71 *

Fig. 16 Control panel of Test-4

THREAD DATA

TEST-1: Left-Hand Increasing Pitch (Precision t=0.01).

TEST-2: Left-Hand Increasing Pitch (Precision
t=0.001).

TEST-3: Right-Hand Decreasing Pitch (R =40mm,
P=30mm, n=38, t=0.001).

TEST-4: Right-Hand Decreasing Pitch (R =60mm,
P=25mm, n=12, t=0.001).
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Upon analysis and consideration of the presented tests, it
should be clarified that the equations provided in the manu-
script (2, 3, and 4) offer CNC operators the option to select,
for a specific length, both the number of turns and the value
of the variable pitch. The condition is that the product of the
selected number of turns and the chosen pitch value should
equal the desired length. Consequently, operators can judge



The International Journal of Advanced Manufacturing Technology (2024) 130:4635-4648

4647

Fig. 17 TEST-4: Simulation
result of Test-4: Right-hand
decreasing pitch (p =25, R=60,
n=12,t=0.001, F=100,

S =400)
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N170 % SUBPROG-3.I

N180 L4
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N20@ % SUBPROG-1.I

N210 L4

N220 GS8 L2

N230 % SUBPROG-4.I

N240 L4

N250 GS98 L3*

N26@ % SUBPROG-Z.I
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N280 GO X+0 Y+0x
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N300 M30x

N989899899 %THREAD_VAR G71 *

el
!
asal[
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BEGIN END PAGE

PARGE START
SINGLE +
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and decide on these values depending on the application.
Notably, the operator can freely choose the radius, preci-
sion step 't," and the appropriate cutting conditions (F and
S) within the scope of the respective case.

6 Conclusions

This paper introduces an innovative canned cycle for CNC
milling machines, allowing cutting threads with variable
pitch. Modern CNC milling systems lack the capability to
program variable pitch threads using canned cycles, rely-
ing on CAM systems. The proposed canned cycle offers
increased flexibility, quicker setup times, and reduced reli-
ance on CAM systems. It accommodates both internal and
external threads, supports left-hand or right-hand threading,
and provides a user-friendly interface for programming. The
control panel interface simplifies data input, while simula-
tion tests confirm the cycle's efficiency. The new canned
cycle presents a potential advancement in CNC milling, pro-
viding valuable benefits for various industries with threads

requiring variable pitch.

In forthcoming research, currently under preparation, the
aim is to broaden the scope of applicability by incorporat-
ing cases with variable radius. This extension will provide
CNC operators with even greater versatility in machining
processes. Simultaneously, there is a plan to delve deeper
into the interpretation of helical equations. The goal is to

enable the selection of different pitches while maintaining
consistent numbers of turns and lengths, thereby offering a
nuanced approach to helical geometry.
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