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Abstract - The paper presents a technological analysis,
the phases and working methods, as well as the parameters
of the processing cycle of a flange for a high-pressure
hydraulic gear pump, which has the code FHP-05-12-24,
made of polymeric material of ERTALON 66 SA type. The
processing was made by cutting with the help of an
educational milling and drilling machine with numerical
control called EMCO MILL 55 CNC. The commands were
programmed through a computer interface, using a
conventional numerical code that commands the same
kinematic chains, defining specific elements such as the
geometric structure of the part, the technological
conditions, the structure of the CNC kinematics, the
calculation of the programmable coordinates, the
parameters of the cutting tools and the parameters of the
cutting regime. Based on the characteristics of the polymer
material, but also on the identification of programmable
functions and routines, the complete development cycle of
the complex part processing operations was defined using
special functions dedicated to the drilling and milling
processes of the profiled surfaces. The part program
structure contains program blocks associated with each
stage and machining tools. The purpose of the study is to
highlight, at an early stage, how students and young
researchers can use computer numerical control (CNC)
machines, which can be used as a support for the physical
processing of complex surfaces, possibly obtained by
digitizing and measuring data through a digital correlation
based on specialized software products (e.g. GOM Scan,
GOM Inspect, FEM analysis, etc.).
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[. INTRODUCTION

The way in which the ability of a material to satisfy the
requirements related to a certain functionality can be evaluated
takes into account the fact that its properties characterize the
performance in future applications. Thus, tensile strength, and
machinability, in well-defined conditions of temperature and
chemical environment are used in the design and realization of
the majority of parts from polymeric materials, [1], [2], [3].

Polymeric materials, as macromolecular synthetic products,
of an inorganic, organic, or mixed nature, are compounds in
the structure of which polymers and various additive
substances are found, to which, in the process of mechanical or
thermal processing, plasticity is not always the fundamental
characteristic, but elasticity, flexibility, and rigidity, depending
on the field of use, [4], [5], [6]-

In the case of mechanical processing by cutting, parts made
of polymeric materials are usually processed with the help of
special tools, usually on CNC numerically controlled
machines, which must take into account each specific type of
processing, the properties of the material, as well as by the
methods of measuring these properties, [7], [8], [9], [10], [11],
[12], [13]. In support of the fastest and most efficient
processing of industrial products, numerous information
storage systems have been developed in virtual environments,
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doubled by the permanent development of cutting tools and
modern machine tools, capable of optimizing geometric and
constructive parameters before being physically realized, [14],
[15]. Computerized numerical control (CNC) machines are the
ones that make production processes more efficient through
high precision, increased work capacity, and shorter activity
time. Machine tools with numerical control (CNC) can
generate complex surfaces using profiled tools, a fact that
constitutes a continuous concern of international research
groups, something that could lead to multiple directions of
deepening: the precision of the shape of generating tools and
corrective profiling, the geometry cutting tools, generation
with preformed tools, analytical modeling of enwrapping
processes, the use of graphical methods for modeling the
generation of surfaces by enwrapping, etc.

So, the complex active surfaces of the components used in
movement transmission can be generated on CNC machines
with specific tools, by enwrapping, in an attempt to make the
transition from semi-automation to automation of production
processes, without human assistance, until the emergence of
intelligent manufacturing, where production is almost
autonomous, under the concepts of’Industry 4.0” and
“Industry 5.0”, [16], [17]. The increasing energy requirements
of the future assume taking the best technical management
decisions, as well as the development and use of state-of-the-
art technologies for the best share of global exploitation, with
the reduction of energy consumption and without affecting the
environment, [18], [19], the correct choice of high-
performance equipment being one of the solutions, [20], [21],
a fact that implies increasing the competitiveness of research
in the field through the application of intelligent technologies,
based on three main components: - digitization; - numerical
simulation; - intelligent control.

In particular, the active surfaces of machine parts used in
movement transmission are generated with specific tools,
through enwrapping processes, [22].

Numerical control machines, especially educational ones, do
not necessarily require a high degree of operator expertise, and
the work interface is easy to learn and use by students because
it offers the possibility to simulate the operation of industrial
equipment, of higher precision, [16], [23], [24].

The equipment chosen for the design of the machining
technology of the FHP-05-12-24 ”Flange for gear pumps” part
is a numerical control machine with three-axis interpolation
(X, Y, and Z). The model of the machine is EMCO EN 2055,
EMCO Maier manufacturer, [25].

The”Flange for gear pumps” is part of the structure of a
high-pressure hydraulic pump, having the role of reducing
fluid volume losses and balancing the frontal gap between the
gears and the caps or housing. These are about three times
higher than the losses through radial gaps. Oil is thus sent
under pressure to the flanges, which are kept in permanent
contact with the front surfaces of the gears, compensating for
the frontal gap, [26], [27]. Hydraulic components made of
various polymer materials are increasingly used in industry
due to their good amortization capacity, low friction
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coefficient, high abrasion resistance, chemical resistance to
acids, reduced weight and even aesthetic appearance, [28], [29].

The hypotheses of the study start from the fact that the
problem developed in this paper is to lay the foundations for
the transfer to simulation/execution to the industrial numerical
control (CNC) machines, through a concrete example from
which students and young researchers can start, for the
generation by enwrapping of complex surfaces, in this case, by
making algorithms for profiling tools that define specific
profiles, doubled by the transposition of these algorithms in
the form of machine code.

II. MATERIALS AND METHODS

A. Materials

The FHP-05-12-24 part was processed from a block of
polyamide, ERTALON 66 SA, natural (ivory) color.
Polyamide PA is also known as nylon, duramid, etc., and is
found in a varied range of types, the most common being PA6
(polyamide), PA6+MOS2 (molybdenum sulfide), and
PA66+GF (glass fiber) and the difference between them is
strictly based on the composition and molecular structure,
[30].

Polyamides (PA), polyethylenes (PE), and polyacetals
(POM) are used for a variety of industrial components, both
new and spare parts, [31], [32].

Table I shows the thermal and mechanical properties of
ERTALON 66 SA polyamide, [7].

Table 1. Thermal and mechanical properties of ERTALON 66 SA
polyamide, [7]

Properties Test method U/M ERTALON
66 SA

Density 1SO 1183-1 g/en? 1.14
Thermal properties
Melting temperature °C 215
Coefficient of linear thermal
expansion:
a;&/zrg{gé value between 23°C (nr:l/() 80x10°
a[zlic\llelrggfgalue between 23°C (nr:l/() 90x10°
Temperature of deflection
under load:
- Method A: 1.8 MPa ISO 75-1/-2 °C 80
The maximum allowable
working temperature in the air:
- for short periods of time °C 170
ilcontinuously: for 5.000/20.000 oC 105/90
Flammability:
- oxygen index” 1SO 4589-1/-2 % 25
Mechanical properties at 23°C
Tension test:
- yield strength / tensile strength ISO 527-1/-2 MPa 86/-
- elastic modulus ISO 527-1/-2 MPa 3600
Compression test: ISO 604 MPa 34/64/93
E(':;E’eyd‘mp“t strength - 1SO 1791/ 1eA KI/? 3
Rockwell hardness 1SO 2039-2 M 88
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ERTALON 66 SA is a type of polyamide that, due to the
fact that it can maintain its mechanical properties even at high
temperatures and that it has excellent wear resistance, can
often be used in the manufacture of signs where abrasion
occurs, such as gears, various types of bearings or other
components in direct contact. This material was chosen as a
flange model in the hydraulic field, to be machined on an
educational CNC machine, and for its resistance to many
chemicals, oils, and greases, as well as its high tensile strength,
impact resistance, and to fatigue, but also because it generally
retains its dimensions under various environmental conditions,
making it suitable for applications that require precise
tolerances. The steps required for the realization of the FHP-
05-12-24 ”Flange for gear pumps” part on the EMCO MILL
55 CNC system consist of the technological analysis of the
part, as well as the identification of the programmable
functions and cycles. The first stage, the part analysis, consists
of defining the geometric structure of the part based on the
dimensions, Fig. 1, defining the technical working conditions
and the processing operations.

87
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57
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31
Fig. 1 Machining allowance and the sketch of the blank

The second stage, the technological analysis, includes the
structure of CNC technology and the calculation of the
programmable coordinates, and the third stage, the
identification of programmable functions and cycles, is
composed of the movement functions and cycle parameters.

Four coordinate systems are defined for the EMCO MILL
55 machine: the machine system (absolute); the reference
system, in which the displacement measurement system is
synchronized; the main axis system, in which the length of the
tool is measured; and the part system.

B. Methods

The “Flange for gear pump” part has a complex geometric
structure and is processed on a CNC EMCO MILL 55 CNC
machine. Fig. 1 shows the T-shaped blank with dimensions
87x57x24 mm with a maximum machining allowance of 2.5
mm:
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e = Ao + A [mm], 1
where: Ap represents the machining allowance for roughing /
external cylindrical milling, Ap = 2.5 mm; Ar - the machining
allowance for finishing, Ar = 0 mm.

In order to facilitate the execution, the part was sectioned
into simple surfaces (flat, cylindrical, conical, etc.). These are
represented in Fig. 2 and the coding and dimensions of each
surface are indicated in Table II.

o

~

12 9

1 15 7 R 8 18

Fig. 2 The geometric structure of the part and the numbering of the
surfaces

Table II. The identification of the surfaces and their coding

Code Surface type Dimensions [mm] Rotljslr;r;ess
CPEXT (1) Outer profiled contour 82x52x12/R6 6.3
CPINT (2) Inner profiled contour 40x51.21x4/R4 6.3
CPEX (3) Rounded square outline 46x46x12/R6 6.3
DEGRAC Rounded clearance 10x10x4 6.3

(4,5,6,7) (square pocket)
GFS Pierced threaded hole M6 (D5x24)

(8,9,10,11)
GS1 (12,13) Pierced hole 05.50x20 6.3
GA (14,15) Deepened hole 0D10x4 32
GS2 (16,17) Pierced hole D6x12 6.3

GS3 (18) Pierced hole ?10x24 6.3
ALEZ (19) Hole (circular pocket) ?18.2x10 1.6
LAM (20) Counterboring (circular 023x2 32

pocket)

Fig. 3 shows the execution drawing of the ”Flange for gear
pumps” part, as well as its 3D model, made in Autodesk
Inventor. EMCO MILL 55 CNC is a computerized numerical
control machine that allows the execution of small parts
(maximum 180x120x70 mm). It consists of three slides, the
standard chuck, and the tool magazine, Fig. 4.

The slides allow movement on the X, Y, and Z axes (X -
work table, Y - movement of the work table, Z - main axis that
allows the changing of the tool). The part is fixed on the
standard chuck and, depending on the difficulty of the part, it
is chosen to be positioned directly on the CNC mechanical
vise or to be fixed. For fixing the parts, rulers with location
surfaces larger than 60x60 mm are used, directly on the work
table of the machine. The FHP-05-12-24 part is executed on
the computer numerical control machine with the help of the
two grips indicated in Fig. 5 and Fig. 6.
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A-A section

B-B section

Fig. 3 The execution drawing and the 3D model of the ”Flange for
gear pumps” part

C.

Fig. 4 EMCO MILL 55 CNC: slides positioning (a), standard chuck
(b), tool magazine (c).

Fig. 5 Technological sketch - Grip I
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Fig. 6 Technological sketch - Grip II

On the first grip, surface 3 is processed, using the milling
operation, and on the second grip, all other surfaces (1-2 and
4-20) are processed, using drilling and milling operations.

The technological scheme of the operations is represented in
Table II1.

Table III. The identification of the surfaces

No. Operation Stage Target
surface
1 MILLING 1 F1.1 External profiled contour milling - CPEX
Roughing
2 DRILLING F2.1 Centering
1 F2.2 Drilling GFS
F2.3 Threading GS1
F2.4 Drilling GA
F2.5 Counterboring
3 DRILLING F3.1 Centering GS2
2 F3.2 Drilling
4 DRILLING F4.1 Centering GS3
3 F4.2 Drilling
5 MILLING 2 F5.1 Circular pocket milling - Roughing + ALEZ
Finishing LAM
F5.2 Circular pocket milling - Roughing +
Finishing
6 MILLING 3 F6.1_1 Rectangular pocket milling - CPINT
Roughing CPEXT
F6.1_2 Inner profiled contour milling - DEGRAC
Roughing
F6.2 Outer profiled contour milling
F6.3 Rounded clearance milling

47

The most important technical and mechanical characteristics
of the EMCO MILL 55 CNC milling and drilling machine are:
main axis distance - work table - maximum tool diameter:
Dmax=40 mm; rotational speed of the main axis: n=150+3500
rpm; maximum cutting moment: Mma=370 daN-mm; cutting
power: Ne=0.75 kW; feed velocity X-Y-Z: v=0+2000mm/min;
cutting force (maximum): F,=80 daN; F,=80 daN; F,=100 daN.

For the EMCO MILL 55 CNC machine, a specific tool
holder for milling and drilling processing is used, with an
elastic bushing: ESX 25 model. The cutting tools used in the
processing are helical drills Dp=2+10 mm, respectively end
mills with cylindrical shank D=6, 8, 12, 14, and 16 mm.

The milling of the outer profiled contour and its roughing is
processed on the first grip, according to Fig. 7, and the input-
output dimension (Ci¢) is calculated with relation 2. The end
mill tool starts from the start point (PS), positions itself at the
input-output point (Pi), and, clockwise, processes the CPEX
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surface, finishing at point 5, then the tool returns to the point

Pie and finally to PS.

C. =D; +(1..5)=16 +4 =20 mm,

where Dy is the diameter of the tool.
Face2 — |
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Fig. 7 Technological drawing - operation 1

Operation 2, DRILLING 1, comprises the phases of
Centering, Drilling, Threading, Drilling, and Counterboring on
the GFS, GS1, and GA surfaces on the second grip. Its
technological drawing is presented in Fig. 8 and the tool
output dimension (Cy) is calculated as follows:

C,=05-D,, 3)
where Dy is the diameter of the drill; for holes 1+6:
C¢=0.5-5.5=2.75 mm.
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ofw E—
-] gl B _l ] ~
G Meds | |8 X ‘
3|S lq | |
L] x> 0 \ J
]—\ et \
— @55

155

Fig. 8 Technological drawing - operation 2
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Operation 3, DRILLING 2, processes the GS2 surface and
contains the centering and drilling phase, Fig. 9.

The centering phase must be programmed before the drilling
phases because it allows the centering of the drill. Centering is
used to avoid possible breakage of the tool or even the tool

slipping from the part, damaging it.

C, =05-65=3.25mm.

Pl
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‘345
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Fig. 9 Technological drawing - operation 3

Operation 4, shown in Fig. 10, DRILLING 3, contains the
centering and drilling phase and processes the GS3 surface,

C¢=0.5-10=5 mm.

> — — L
345 N

PS
Face 1 - 210
‘~._\»}» z*
e ,
IR i I'I.\'[ r*: ©
CE- : %
alsl T i
'S Meds | |® n
8|S Lq |
L] | )
| A — — .
— @55

(& "9 O

Fig. 10 Technological drawing - operation 4

MILLING 2 is the fifth operation, Fig. 11, and contains the
milling of the circular pocket phase where the ALEZ and LAM

surfaces are roughened and finished.
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Fig. 11 Technological drawing - operation 5

Operation 6, MILLING 3, Fig. 12, contains the rectangular
pocket milling and inner profiled contour milling phases,
where the CPINT surface is roughened, the outer profiled
contour milling phase, which processes the CPEXT surface,
and finally, the rounded clearance milling phase which
processes the DEGRAC surface.

Technological pocket p? t
Inner profiled contour :

\

N \
A Wig >
=T
R Y | . | N\
-!_:in,_- gi 4 ey |
ol /
® Fle. = ? ( /
o—lo* =l 1o lcag S PSle | —
L 40 o P,,-‘-‘--' 75| |
\ P =R 39
\L X ’
) )
S — A
2

Fig. 12 Technological drawing - operation 6

Considering the difficulty of the internal profiled contour, a
rectangular pocket is first executed, shown in Fig. 13, because
the tool must move freely to process the CPINT surface.

The end mill tool starts from the PS point, positions itself at
the Pi point, located inside the previously executed pocket,
and starts processing the inner contour, starting from point 1
and ending at point 14.
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Fig. 13 Rectangular pocket

Phase F6.2, Fig. 14, processes the external profiled contour
of the entire part. The tool starts from the starting point PS,
reaches the input-output point Pje, then it is positioned at point
1, where the execution of the contour begins and ends at point
217.

»

Fig. 14 Technological drawing Operation 6, Phase F6.2

An end mill tool with a diameter of 12 mm is chosen,
because the radius of the tool must be less than or equal to the
smallest radius located on the profiled contour.

C.=D,+(1..5)mm=12+3=15mm.

The milling of the 4 rounded clearances is the last phase of
operation 6, the part being completely executed and ready for
use, Fig. 15, Cie=12+3=15 mm.

The most important technological regime elements such as
cutting tool parameters or cutting parameters are defined by
the equations (4) + (10).

D, =0.83- Dy mm @
where Dy, is the diameter of the drill; Dy is the thread diameter.
d=05-D, mm (%)

where d is the diameter of the center drill type A.
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D, =(06+08)-D_, mm (6)

where Ds is the diameter of the cylindrical-frontal end mill;
Dpoch is the pocket diameter.

poch

t=0.33-D; mm (7
where t is the depth of cut.
s, =0.22-(D¥*/*") mm ®)
where Sq is the feed per tooth.
v-1000
n= rpm 9
<D, P ©)
where n is the spindle speed; v is the cutting speed.
V, =S;-Z-N mm/min (10)

where V, is the feed rate;.z is the number of teeth on the cutter.

In order to process the “Flange for gear pump” part on a CNC
machine, a CNC-compatible program/software is needed for
defining the coordinates of the programmable points. When
correctly creating a program for a CNC machine, several
coordinate systems and reference points must be taken into
account: the coordinate system of the CNC machine, the
coordinate system of the workpiece (chosen, as a rule, at the
center of the workpiece) , the working coordinate system - is
the coordinate system established by programmers during
programming, also known as the programming coordinate
system, the reference point of the CNC tool - its main function
is to position the machine tool coordinate system.

PS e
, -

.
e
& -
(€
@ .

Fig. 15 Technological drawing Operation 6, Final phase

They influence the path of the tool on the reference fixed in
the mechanical vise indicating the starting points, the input-
output points and the points to be processed. Table IV, Table
V, Table VI, Table VII, Table VIII, Table IX, Table X, Table
XI and Table XII indicate the programmable points of each
operation.
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Table IV. Programmable coordinates OP.1 - MILLING 1

W1 X Y z
PS 23 45 -20
Pie 0 43 0

P1 0 23

P2 23 23

P3 23 -23

P4 -23 -23

P5 -23 23 -

F1.1 0 0 -12

Table V. Programmable coordinates OP.2 - DRILLING 1

w2 X Y z
PS 0 0 20
P1 0 16.5

P2 0 -16.5

P3 -15.5 16.5

P4 15.5 16.5

P5 15.5 -16.5

P6 -15.5 -16.5 -
F2.1 -6
F2.2 -26.5
F2.3 -28.5
F2.4 -26.75
F2.5 -6

Table VI. Programmable coordinates OP.3 - DRILLING 2

w2 X Y z
PS 0 0 20
P7 -34.5 0

P8 -34.5 0 -
F2.1 - - -6
F2.2 - - -15.25

Table VII. Programmable coordinates OP.4 - DRILLING 3

w2 X Y z
PS 0 0 20
P9 7.5 0 -
Fa.1 - - -10
F4.2 - - -29
Table VIII. Programmable coordinates OP.5 - MILLING 2
W2 X Y z
PS 0 0
CB 7.5 0 -
F5.1 0 - 2
F5.2 0 - -12

Table IX. Programmable coordinates OP.6.1 1 - MILLING 3

W2 X Y Zz
PS 0 0 20
CB -18.29 0 -
F6.1_ 1 0 0 -4
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Table X. Programmable coordinates OP.6.1 1 - MILLING 3

w2 PS Pie 1 2 3 4
X 0 -18.29 -29 -29 -27.97 -21.19
Y 0 0 0 8.47 11.14 18.68
z 20 - - - - -

w2 5 6 7 8 9 10
X -18.22 -12 -8.93 -8.93 -12 -18.22
Y 20 20 13.44 -13.44 20 20
Z - - - - - -

w2 11 12 13 14 F6.1_2 W2
X 21.19 -27.97 -29 -29 0 X
Y -18.68 -11.14 -8.47 0 0 Y
z 4 z

Table XI. Programmable coordinates OP.6.2 - MILLING 3

W2 PS Pie 1 2 3 4
X 20 0 0 -11 -13.53 -17
N 41 -41 26 -23.56 23 23
z 20 0 - - - -

W2 5 6 7 8 9 10
X -20.60 -38.85 41 41 -38.85 -20.60
Y -21.80 -6.5 2.23 223 6.5 21.80
Z - - - - - -

w2 11 12 13 14 15 16
X -17 -13.53 -11 0 11 13.53
Y 23 23 23.56 26 23.56 23
Z - - - - - -

W2 17 18 19 20 21 22
X 17 20.60 38.58 41 41 38.85
Y 23 21.80 6.5 223 2.23 6.5
Z - - - - - -

W2 23 24 25 26 27 F6.2
X 20.60 17 13.53 11 0 0
Y -21.80 23 23 -23.56 26 0
z -13

Table XII. Programmable coordinates OP.6.3 - MILLING 3
W2 PS B1 B2 B3 B4 F6.3
X 36 36 -36 -36
Y 11.50 -11.50 -11.50 11.50 -
z 20 - - - - 4

III. RESULTS AND DISCUSSIONS

The technology elements, phases, and processing methods
are defined for each operation according to the phase to be
executed. CYCLE 72 is used in the machining program for the
first operation and the used tool is a short cylindrical end mill
of dimensions D-l-L-4-z=016-32-92-4-z, positioned in
the tool magazine at position 1 in the first tool row T1, z
representing the number of teeth of the end mill tool.

In order to process the second operation, several programs
are used, each one being used for a specific phase. CYCLES1
is also used for centering, using a centering drill of type A,
having the dimensions d-D-L=@2.5-06.30-45, positioned
on position 2 of the tool magazine and being part of the first
set of tools T1, but also for drilling GFS and GS1 surfaces,
using an N type twist drill with dimensions
D-W.L=@5-52-86, positioned on position 3 of the first set
of tools T1. CYCLEB840 is used for threading the GFS surface
and a metric thread tap 1is wused, with dimensions
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D-p-1-L/z2=M6-1-17-80/ 3mm, calculated with relation
4, positioned at position 4.

CYCLES1 is used again for the GA surface, but with a
different tool and diameter, more exactly, an N-type helical
drill, having the dimensions D-W.L=@5.5-57-96 mm,
positioned at position 5.

Finally, CYCLES9 is used to deepen the surface of the GA
with a  cylindrical counterbore, with dimensions
D-W.L=@10-22-72mm, located at position 6 of the first
set of T1 tools.

For threading the holes 3, 4, 5, 6:

D, =0.83-6 =4.98 mm; it is adopted D, =5 mmy;
d=05-D,,
d =0.5-5.5=2.75mmy; it is adoped d = 2.5 mm.

Only the CYCLES81 program is used for processing the GS2
surface. For centering, the drill positioned on the second
position of the tool magazine is used again, and for the drill, an
N-type helical drill, with dimensions d-D-L=@6.5-063-
-101 mm, positioned on position 7, is used.

Operation 4 reuses CYCLES81, but changes the tool set using
an A-type centering drill, of dimensions d-D-L=@5-012.5-
-63 mm, positioned on position 2 of T2 tool set 2, and an N-
type twist drill, of dimensions d-D-L =@10-@87-133 mm,
positioned on position 3/T2.

Operation 5 uses the POKET2 program to process the
reaming and counterboring phase of ALEZ and LAM surfaces.
To decide the dimensions and type of the end mill tool, the
calculation relation 6 is used, resulting, therefore, the use of a
cylindrical-frontal end mill tool, with dimensions D-1-L/z=
=@14-26 -83mm/ 4, positioned on position 4/T2.

D, =(06..0.8)-23=13.8...18.4 mm;
D, =(06..0.8)-18.2=10.9...14.5 mm.

The POKET1 program is used for milling the rectangular
pocket and it is processed with the help of a cylindrical-front
milling tool with dimensions D-I-L/z=@8-19-63mm/ 4,
positioned on position 5/T2. For internal contour milling, the
same tool is used, but with a different program, CYCLE72.

The milling of the external profile is performed with the
help of the CYCLE72 program and with a cylindrical-front end
mill tool, dimensions D-1-L=@12-26-83mm, positioned on
position 6/T2 of the tool magazine.

The rounded clearance milling is processed with an end mill
tool for channels, with dimensions
D-1-L/z2=06-13-57 / 2mm, positioned on position 7/T2.

For example, Table XIII presents the cutting parameters
specific to Operation 6, Table XIV defines the cycle parameters
specific to Operation 6, program CYCLE72 - external profile
milling, and Table XV defines the specific program block.
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Table XIII. Cutting parameters, Operation 6

Basic parameters
Phases
v t Sd n Va Vp
F6.11 40 2.64 0.033 1591.55 210.74 1500
F6.12 40 2.64 0.033 1591.55 210.09 150
F6.2 40 3.96 0.028 1061.03 118.84 90
F6.3 40 1.98 0.037 2123.10 157.11 45
Programmable parameters
Phases
S SSF FFP1 FFD FFP2 FF3
F6.11 1591 1818 210 1500
F6.12 1591 210 150 600
F6.2 1061 119 90 600
F6.3 2123 157 45

where: v - cutting speed [m/min]; t - depth of cut [mml];
Sq - tooth feed [mm]; n - tool spindle speed [rot/min]; Va - feed
rate [mm/min]; Vp - penetration speed [mm/min]; S - spindle
speed; SSF - finishing speed; FFP1 - translation speed; FFD -
material depth of cut; FFP2 - feed speed of the tool for
finishing; FF3 - speed of approach - retreat.

Table XIV. Cycle parameters, Operation 6, program CYCLE72

Parameters CYCLE72 F6.2 Parameters CYCLE72 F6.2
RTP 10 FFD 90
RFP 0 VARI 11
SDIS 3 RL 41
DP -13 AS1 1
MID 3.96 LP1 15
FAL 0 FF3 600
FALD 0 AS2 1

where: RTP - retreat/transfer plan; RFP - reference plan;
SDIS - safety distance; DP - absolute processing depth;
MID - depth of cut; FAL - machining allowance; FALD - deep
machining allowance; VARI - the technological variable that
programs roughing and/or finishing; RL tool radius
compensation, left compensation; AS1 - the cutting input
dimension towards to the contour; LP1 - approach distance to
the part; AS2 - the cutting output dimension towards to the
contour.

Table XV. Program block Operation 6, CYCLE72
T5 D1 M6

F6.2 | Cylindrical-frontal end

mill
012x26x83 / 4 S1061 M3

GO X-20 Y-41 Z20

GO0 X0 Y-41 Z0

CYCLE72 ("CPEXT”10,0,3,-13,
3.96,0,0,119,90,11,41,1,15,600,1,15)
GO X0 Y-41 Z0

G0 Z100

In this way, the cutting parameters, the cycle parameters,
respectively the program blocks and the technological phases
that make up the part program and the subprograms developed
in the Siemens SINUMERIK 840D system, specific to the
EMCO MILL 55 CNC computer numerical control milling and
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drilling machine, are defined, from the blank to the final
product, Fig. 16.

a b

Fig. 16 Hydraulic pump flange: blank (a), finished product (b).

IV. CONCLUSION

Although the working considerations are universal and the
processing method is compatible with the latest global trends in
this field, the use of three-axis interpolation CNC technology in
the processing of the ’Flange for gear pumps” part resulted in
obtaining the following technological characteristics: the ease of
programming the profiled surfaces by using a single special
function (CYCLE72), which contains all the geometric and
kinematic processing parameters, obtaining a finishing
roughness, a high dimensional precision; the production time is
much shorter compared to universal machines, the total time to
produce the part being about 52 minutes; the processing
precision is very high (0.5 pum); the ability to identify errors in
the written program was an advantage. Another goal pursued by
this work was to exemplify, through a concrete case, a
machining cycle using an educational drilling and milling
machine with a computerized interface, each work step being
supported by programming a machine code, the end result being
transferable to any professional CNC machine.

The study itself is the first step by which the transition can be
made from models already technically demonstrated,
experimentally, made in the laboratories of the Faculty of
Engineering of the "Dunarea de Jos" University of Galati to a
stage of progressive improvements of the work technique and
validation more concrete and applicable CNC, which would
allow for an eventual operational or even commercial
implementation.

Thus, if this technique is transposed to a combined Reverse
Engineering-CNC technology direction, it could open the way to
new research directions:

- the definition of inspection algorithms, with an increased
degree of generality and mathematical rigor, of landmarks with
complex active surfaces by simplifying the work methodology,
which avoids the large volume of analytical calculations of the
equations of the enwrapping surfaces, with an increased degree
of generality and rigor math, which can lead to errors;

- the design of own profiling algorithms, based on which
applications will be made in high-level programming languages,
which allows the profiling of cutting tools with complex
geometry for the processing of complex surfaces (e.g. VBA
applications).
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