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Abstract This paper proposes a methodology for enabling
a 3 axes Mill CNC machine to work in a synchronized oper-
ation with 5 axes. Different alternatives for communicating
the fifth axiswere analyzed, as using aTRT-160with amicro-
controller and an analog multiplexer. Another option could
be done by using a CNC via serial bus and a Microcontroller
digital I/O ports, passing the code through a converter code,
replacing some command lines and directing the additional
axis instructions to the servomotors via RS-232 serial bus
to generate displacement on the servomotors that emulates
the fourth and fifth axis. It could achieve synchronization
of two conventional servomotors with a HAAS VF-2 Mill
Machine that opens the possibility for evaluating six o more
axes movement related to a complex machining process, as
well as connecting a robotic arm or a conveyor belt in a man-
ufacturing cell.
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1 Introduction

Themulti axismachining is amanufacturing process ofmate-
rial removal with cutting machines for milling and turning.
Most of these CNCmachines work with three axes (two axes
in the case of turning machines) X, Y, Z for this manufac-
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turing process. The movements of the milling machines are
three axes for manufacture a part, with the help of the corre-
sponding programs and the technician in charge.

However, rapid technology changes and a highly com-
petitive market have influenced the current manufacturing
industry. Many have considered the use of an open architec-
ture technology as a trigger for such changes, enabling the
use of retrofitting machines to work as a brand new machine
would and so to reduce the expenditures.

Most of the CNC machines in underdeveloped countries
are imported. With regular maintenance, these machines
could last up to 10 years. Consequently, the owners face
the necessity of purchasing a new machine, upgrading or
retrofitting the old model. However, purchasing a new CNC
machine is not an option because it represents a big financial
burden for small and medium enterprises, SMEs [1].

The traditional CNC systems are frequently based in a
centralized control and in most cases, those systems can-
not handle the requirements of working with high speed and
accuracy, restricting the use in the new production systems
[2,3] such as FMS or CIM. That is a reason it is necessary
to establish an appropriate communication protocol and the
respective interfaces to adapt new systems. In addition, it
observes a tendency of migrating to a new standard (STEP-
NC) to replace the traditional GM codes [4–6].

Nowadays, the multiaxis systems are commonly used in
manufacturing industry. The small and medium enterprises
do not have this feature, for that reason they cannot compete
or provide a better level of service.

An example of this is aHAASVF-2millmachine acquired
in 1995. The lack of fourth and fifth axis in a vertical HAAS
Mill VF-2, does not allow doing complex machining, like
turbine blades, biomedical prosthesis, machinery parts and
equipment [7]. An example of complex geometry is also
found in [8].
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Fig. 1 TRT-160 module (fourth and fifth axis)

The end-mill cutting tools are very important for con-
troling the cutting forces during machining, the strength
of cutting edges and the chips removal capability [9]. Cur-
rently cutting tools making process also requires a multiaxis
machining process, in the past the grinding process was
made in two axis CNCmachines, but nowadays the grinding-
wheels require free-form profiles, expensive an uneasy
process to make.

This technological issue limits the use of three axis-
milling machines in the current manufacturing industry. For
this reason, investments and infrastructure are a powerful
incentive to satisfy technology development that demands
the use of complex machining in the manufacturing industry
in order to become part of the competitive market.

In this work, it is assessed different possibilities to add a
fourth and a fifth axis to a HAAS Mill VF-2 CNC machine,
which in normal conditions operates with three coordinate
axes, an x–y table and a spindle that moves vertically (Z-
axis).

2 Materials and methods

The first step realized was to review the control card of
the CNC under study to verify the upgrade that could be
achieved. It was observed certain limitations for the imple-
mentation of the fourth and the fifth axis in a VF-2 HAAS
Mill. Due to the control card is obsolete and only has connec-
tion for four axes. As the control card only has an additional
slot, it can add a fourth axis fully synchronized.

The second step was to review the HAAS catalogue for
modules of fourth and fifth axis integrated as TRT-160 mod-
ule (Fig. 1).

This module adds directly the fourth and fifth axis (once
it is decided to buy a servo amplifier card), it goes on top
of the X–Y table and it reduces drastically the machining
space for any vertical machine. It also has a high cost, but
the real problem is how communicate the fifth axis, as it
was said before the machine has only one additional slot for
synchronizing four axes.

Fig. 2 M-code relays from the HAAS Mill

HASS dealer has a propose for the problem with another
external controller (but considering that 4 axes will work
simultaneously and 5th will be indexed).

Third step, if you do not desire to invest in another control,
this inconvenience can be solved by switching the fourth
and the fifth axis in real time. By doing so, it could only
have 4 axesworking simultaneously, but using proper control
techniques and micro stepping it would be like having 5 axes
at the same time. This could be achieved by using the I/O
parameters, a microcontroller and an analog multiplexer.

For this propose a Teensy ++ 2.0microcontroller was used
(An AVR microcontroller capable to be programmed in C,
C++ and Arduino).

2.1 I/O parameters in a VF-2 HAAS mill

The VF-2 HAAS Mill has different types of I/O modules.
Most of them have already being used by the system for
monitoring the door, coolant level, air pressure, light beacons,
and some others. These modules cannot be used for another
purpose, for that reason, the CNC machine has some spare
slots that could be used for control purposes.

The digital inputs can be monitored by the M 96 instruc-
tion that use P and Q parameters. Where P indicates the line
which instruction will jump to when the condition is met,
Q indicates an input to be tested with a number (0-63). An
example of this is:

N04 G28 (N indicates the number of line in the main
program)

N05M96 P10 Q8 (Test the input #8 in this case is the door
switch, if this is cero then the control will jump to line 10)

M00 (optional stop)
N10 … (Machining program)
M30 (End of program)
In addition, it has some I/O user modules called M-code

relays, which in most of the cases can be used as digital
outputs, but can also be dependent of a user input called M-
FIN. This user input can bemonitored by theM96 instruction
too. The relays above mentioned are used with instruction M
21-M 28 respectively (Fig. 2).
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Fig. 3 Block diagram of the 5
axis integration proposal

For instance, the M23 instruction that will turn on a relay
labeled as M23 if an M-FIN signal is received, and then after
a short period it will turn off. Besides, it can use M51-M58
which turn on each relay (without the need of waiting for
M-FIN signal) and leave it on, until a M61-M68 turned it off
respectively.

Another way to establish a communication with the CNC
machine is by RS-232 interface which is normally used for
upload and download machining programs. In addition, it is
used for sending information of the current position of the
spindle by the G102 instruction.

In this work were used these communication options for
develop the interface (Fig. 3), which can use a program
enabled with macros that calls a subroutine with the use of
I/O that reads signal from sensors and sends the appropriate
signals for enabling the fifth axis in full operation.

2.2 Macros instructions

The macros are a set of instructions that are an optional fea-
ture. For HAAS dealer, it needs to be purchased if you want
to enable it on your CNC machine, for some other dealers
this instructions set is already activated when you purchase
a new machine.

Macros add capabilities and flexibility to the control that
are not possible with standard G-code [10].Most of the times
the macros are used for a family of parts, custom canned
cycles, complex motions and driving optional devices.

Amacro is any routine or subprogram thatmay run several
times. A macro statement can assign a value to a variable or
read a value from a variable, evaluate an expression, jump

conditionally or unconditionally to another point within a
program, or conditionally repeat some section of program.
For this reason, this type of instructions are used in this work
along with I/O parameters described before.

3 Development

The Fig. 3 describes the proposal method for adding the
fourth and the fifth axis. The process starts with a CAD-
CAM process like in [11] which time consuming operations
are needed to define complex geometries. For this paper pur-
poses a code converter program was developed in Labview
2009 software.

The reason of use code converter program is because the
CNCmachine controller is not able to interpret a code involv-
ing a fifth axis coordinate (A and B axis in this case). Due
to this was made a program called the code converter in Lab
view that assists in the task. In the write buffer it is pasted
a machining program that involves 5 coordinate axes and in
the result buffer it obtains a program compatible with a three
axes CNC machine, where this calls a subroutine each time
that an A axis or B axis code appears.

In Fig. 4 an analog multiplexer can be added between the
microcontroller and the TRT-160. In addition, it is required
a power phase for making the connection with the TRT-160,
this is because themicrocontroller and the analogmultiplexer
work only with TTL (transistor transistor logic) signals.

As a second alternative (Fig. 5) industrial servomotors
can be used for enabling the forth and the fifth axis also the
microcontroller and the power phase as it was mentioned
before for making a proper connection.
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Fig. 4 Fourth and fifth axis integration via analog multiplexer and the TRT-160

Fig. 5 Fourth and fifth axis integration via two industrial servomotors

The subroutines contain instructions and information of
position and speed of the fourth and fifth axis. In the first test,
servomotors were moved without any control and without
synchrony with three axes already installed so far. The result
of the code converter was sent to the CNC machine enabled
with macros. It can be sent via RS-232 or via a USB port.

The synchronization method was carried out by a micro-
controller that works as an interface between the CNC
machine and the fourth and fifth axis through two low power
servomotors. This method allows generating a signal propor-
tional to the information received from the CNCmachine via
RS-232. The synchronization was carried out by the M-FIN
signal as described in the I/O parameters section.

4 Results

Figure 6 shows the Code Converter program required to ade-
quate deNC code for being readable in a 3-axismill machine.
It has a section where you write code or subprogram that is
going to replace to A or B codes, that in normal operation
they cannot be read. For example if you write M98 P9998
L, the code B will be replaced by P9998 subroutine. Each

time the Mill Machine needs to move servomotor B the main
programwill call to subroutine P9998 that it will be executed
“L” times. You can also write G65 P9998 B where B code
will be stored as a variable and then it will be send to the
microcontroller to move servomotor B to desired position.

Figure 7 shows how the experiment was made. It has
two conventional servomotors on top of an X–Y table of the
HAAS VF-2 Mill Machine, it has also a webcam for mea-
suring purposes using Machine Vision like in [12] with the
difference here is that the inspection is carried to measure
angular displacements also on-machine.

In Fig. 8 the whole experiment is displayed, it shows the
power supply, the microcontroller and computer which was
used to supply voltage to themicrocontroller and also for dis-
playing the information received via RS-232 from the CNC
Mill Machine.

5 Conclusions

The given results show that manufacturing industry require-
ments for producing complex shapes could be achieved with
a synchronized axes CNC machine with two external servo-
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Fig. 6 Code Converter program developed in Labview

Fig. 7 Module of conventional servomotors on HAAS VF-2 table

motors, emulating a 5 axes CNC machine. Hence, it reduces
the cost of any investment and can certainly be part of any
academic program teaching resource.

One of the alternatives for communicating the fifth axis
using the TRT-160 was using the microcontroller and an ana-
log multiplexer.

The other option could be done by using a CNC via serial
bus and a Microcontroller’s digital I/O ports, and passing

Fig. 8 Whole experiment set up

the code through a converter code, replacing some command
lines and directing the additional axis instructions to the ser-
vomotors via RS-232 serial bus and to generate displacement
on the servomotors that emulates the fourth and fifth axis.

In this proposal, it could achieve synchronization of two
conventional servomotors with a HAAS VF-2 Mill Machine
that opens the possibility for evaluating a six-axes movement
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related to a complexmachiningprocess, aswell as connecting
a robotic arm or a conveyor in a manufacturing cell.

By using the I/O capabilities that it explored in this work,
open an opportunity to work with Flexible Manufacturing
Systems (FMS) should be highly considered.

Acknowledgements The authors would like to thanks SEP-PROMEP
México for given support to carry out this work.

Compliance with ethical standards

Conflict of interest The authors declare that we have no conflict of
interest.

References

1. Ekkachai, K., Komin, U., Chaopramualkul,W., Tantaworrasilp, A.,
Kwansud, P., Seekhao, P., Leelasawassuk, T., Tanta-ngai, K., Tung-
pimolrut, K.: Industrial Paper Design and Development of an Open
Architecture CNC Controller for Milling Machine Retrofitting, no
ii, pp. 5629–5632 (2009)

2. Kim, D.-H., Lee, C.-M.: A study on the evaluation ofmachinability
for three-axis machining center with NC rotary table. Int. J. Precis.
Eng. Manuf. 14(10), 1805–1810 (2013)

3. Yang, H., Lin, H., Li, J., Tao, Y.: The architecture and real-
time communication of CNC systems based on switched Ethernet.
ICCET 2010–2010 Int. Conf. Comput. Eng. Technol. Proc. 1, 169–
173 (2010)

4. Xu, X.W., Wang, L., Rong, Y.: STEP-NC and function blocks for
interoperable manufacturing. IEEE Trans. Autom. Sci. Eng. 3(3),
297–307 (2006)

5. Son, H.J., Hwang, J.D., Cho, Y.T., Jung, Y.G.: Development of post
processor for five-axismachine of non-orthogonal head tilting type.
Int. J. Precis. Eng. Manuf. 17(2), 189–194 (2016)

6. Danjou, C., Le Duigou, J., Eynard, B.: Closed-loop manufacturing
process based on STEP-NC. Int. J. Interact. Des. Manuf. (2015).
doi:10.1007/s12008-015-0268-1

7. Lee, C.-S.: Tool path generation for a four-axis machine to engrave
letters on tire sidewall molds. Int. J. Precis. Eng. Manuf. 10(3),
75–82 (2009)

8. Astoul, J., Geneix, J., Mermoz, E., Sartor, M.: A simple and robust
method for spiral bevel gear generation and tooth contact analysis.
Int. J. Interact. Des. Manuf. 7(1), 37–49 (2013)

9. Rababah, M. M., Almagableh, A. M., Aljarrah, M. M.: Five-
axis rake face grinding of end-mills with circular-arc generators.
Int. J. Interact. Des. Manuf. 11(1), 93–101 (2017). doi:10.1007/
s12008-013-0198-8

10. Automation, H.: Programming workbook no. January (2006)
11. Tzivelekis, C. A., Yiotis, L. S., Fountas, N. A., Krimpenis,

A. A.: Parametrically automated 3D design and manufacturing
for spiral-type free-form models in an interactive CAD/CAM
environment. Int. J. Interact. Des. Manuf. (2015). doi:10.1007/
s12008-015-0261-8

12. Dubreuil, L., Quinsat, Y., Lartigue, C.: Calibration based on part
set-up measurement for on-machine inspection using vision. Int. J.
Interact. Des. Manuf. 9(4), 317–323 (2015)

123

http://dx.doi.org/10.1007/s12008-015-0268-1
http://dx.doi.org/10.1007/s12008-013-0198-8
http://dx.doi.org/10.1007/s12008-013-0198-8
http://dx.doi.org/10.1007/s12008-015-0261-8
http://dx.doi.org/10.1007/s12008-015-0261-8

	Proposes to enable a CNC mill from 3 axes to 5 axes synchronized
	Abstract
	1 Introduction
	2 Materials and methods
	2.1 I/O parameters in a VF-2 HAAS mill
	2.2 Macros instructions

	3 Development
	4 Results
	5 Conclusions
	Acknowledgements
	References




