
 

The 6
th

 edition of the 

Interdisciplinarity in Engineering International Conference  

 “Petru Maior” University of Tîrgu Mureş, Romania, 2012 

 

 

INFLUENCE OF HEAT TREATMENT ON QUALITY OF
MILLED SURFACE

Paul Sebastian CHETAN#1, Vasile BOLOS#2

#Industrial Engineering and Management Department, Petru Maior University
Nicolae Iorga Street, No. 1, Targu Mures, Romania

1paul.chetan@eng.upm.ro
2vbolos@upm.ro

ABSTRACT
The purpose of the paperwork is to determine, through experimental research, the
optimal process parameters needed to obtain a milled surface with the right roughness.
The results are based on a case study, the subject being a  section piece of  the active part
of an injection mold (the core), used in the automotive industry.
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1. Introduction
The plastic injection molds are special devices

used for plastic mass production. These have a
specific construction according to every type of
section pieces.

The paperwork is focusing on the injection molds
used in order to obtain the reflector’s section pieces,
in the automotive industry. These   features refer both
to the constructive side and the technological one.
Regarding  the constructive aspect of the molds, we
can see that they have a unique feature, thus,
separating the section piece is possible from the
opposite side of the core in order to avoid fingerprints
left on the reflector side by the very own throwers.

Regarding the technological process of a mold,
the main problem occurs when obtaining the surface
of the core. This process has the role of shaping the
calculated surfaces for the reflector and to obtain the
minimal roughness possible on the active part. If we
have an incidental ray (fig. 1), on a surface with not
enough roughness, it will reflect other unwanted rays,
distorting the desired light spot, contrary to
homologation standards.   There are some elements
that can be highlighted regarding the technological
approach:
 The optical quality of the reflector is determined
by the quality of the injection mold’s core surface
related to the specific mark.
 The preliminary quality of the mold’s core surface
is determined by the roughness level of the obtained
surface through milling on CNC (due to complex
spatial configuration)

 The final quality for the core surface is obtained
through to hard-working manual polishing, that takes
a long amount of time

Rough surfaceSmooth surface

Incident beam

Reflecting beams

Incident beam

Reflective beams

Fig. 1 The influence of surface core quality

In order to make the manual polishing process
easier, a special milling is necessary as a preliminary
processing. There are also used some type of steels
that are designed especially for these injection shells.

The purpose of the paperwork is to determine the
optimal process parameters, using a material
dedicated to these kinds of section pieces needed to
obtain final cores used in manufactory for this type of
molds.

2. The core surface quality through cutting
processing

The quality of the surface processed through
cutting is determined by some micro roughness
formed due to generating process and represents
cutting traces on the section piece’s surface. Those
are distinguished by the recurrence of showing up, the
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 period being equal with the radial advance size or the
axial one.

Fig. 2 Surface micro geometry after the milling
process

The size of micro roughness can be exactly
determined. But there are some exceptions in case of
milling a core with a semi-spherical shape, the
parallel plan trails and the spherical shape of the tool
determines some irregularities having the height H,
which varies due to processed area (entrance element,
the φi angle) and the axial pitch Ap.

The practical meaning is represented by the
knowledge of height H of the irregularities that
determines the quality of the milled surface.

This height H is related to two types of data:
 φi – the angle position for the spherical head

tool
 Ap – the axial pitch  of processing
 r – the radius of the spherical head tool
 R – the radius of the processed core

Fig. 3 - The position of the mill in offset parallel
planes

Next specifications are
 O1 – the central part of sphere positioned at φi

angle
 O2 – he central part of sphere positioned at φ

angle
 I – the intersection of the two circle with r radius

(the radius of the milling machine)
 A –the middle of section O1O2

 B – the intersection  of AI with the R radius core
 C – the intersection  of AI with the R radius

circle (r + R)
 R – the radius for the processed core

The radial pitch can be determined using the formula
(1):

(1)

Where,
(2)

(3)

From these, there can be obtained the angles  φ and  θ
.

. (4)

. (5)

The roughness height, H, it can be obtained using:

. (6)

Fig. 4 - Geometry notation.

Where the BC, AC and AI elements can be
formulated as:

. (7)

. (8)

. (9)

(10)
Replacing these will result in:
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(11)

The formula (11) itself allows to assess the
theoretical quality of the obtained surface, due to
axial pitch, the milling machine’s position and its
diameter.

Other types of micro roughness that appears on
the piece processed surfaces are: the waved ones, the
scum, fissures, craters and porosities. The waved
roughness’s appear on the processed surface due to
certain vibrations that take place through the cutting
process. The scum appears as a harsh and shiny
protuberance. They are particles developed through
the deposits from the secondary cutting tool and they
are included in the piece compound.

The fissures are traces of a detached fragment
from the processed surface and appear due to a
process with negative release angle or in case of
fragile material processing, when the trace of plucked
fragment is situated below the processed surface.

The craters or porosities appear due to plucking
some harsh particles that were included in the main
structure of the piece.

However any real surface that delimits a sectional
piece, regardless of the method or technological
proceedings, represents an ordinary approximation
reported to an ideal geometrical surface.

Fig. 5 - Active area divided into 16 sectors

3. The Cam Design Process
Factors that influences the quality of a surface

obtained following a cutting manufacturing process
are:
 Cutting speed
 Feed rate

These parameters are offered by the tools
manufacturers, accumulated after a vast experience in
the field, but depending on the used material, on the
tool and specific conditions, they can be used only as
guideline.

The cutting speed is thus determined so we can
establish an economical cutting regime, considering it
as an unmodified parameter, at the value offered by

tool manufacturers’ catalog. The manufacturing
advance is in strong relationship with the loading
capacity of a tool, while the manufacturers
recommend the maximal value that it can work
without any problems. The cutting depth is also
recommended by the manufacturers, again at a
maximum level.

The roughening is a working phase that must
eliminate as much material as possible in the least
amount of time; therefore, for these phases is
recommended to use the maximum cutting depth
value and maximum feed rate.  The finishing phase
has the purpose to generate the final surface, which in
mould’s core for injected reflectors is highly sensitive
in terms of surface quality and form deviation. As
result, we build a CAM process to determine the
optimal manufacturing addition and the right axial
step suited for this kind of situations. The active
surface of the core was divided in four sections,
marked with a black line, each one of these sections
having four sub-division marked with white as seen
in Fig. 5.

Each zone has a name; from right to left we have
S1, S2 up to S16.

For every zone, it was established an additional
polishing process and an axial pitch. Those
parameters are available in Table 1. They were two
execution processes, one for a non heat treated core
with respective measures, and a second process for a
heat treaded core with HRC 46-48 hardness.

In order to measure the Ra parameter it has been
used the electronic roughness tester, made by Taylor-
Hobson, England. The devices measure the roughness
with precision of 1 μm using a perception head like in
image below (fig. 6).

Fig. 6 - Core roughness measurement

4. Conclusions

From the table 1 it is noted that axial step has the
largest influence on quality of manufacturing surface.
Thus, it is noted significant differences, almost
double between roughness Ra measured for a step of
0.035 mm and 0,125 mm. Another factor is cutting
depth, which don’t have a proportional influence. It is
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 noted that the best values are obtained with value of
cutting depth about 0.1 mm.

Table 1
Measurements regarding the roughness of the

milled core
Surface Machining

allowance
[mm]

Axial
step
[mm]

Without
Heat-
treated

With Heat-
treated

Roughness
measured
Ra

Roughness
measured
Ra

S1

0,05

0.035 0.29 0.25
S2 0.07 0.44 0.47
S3 0.1 0.41 0.34
S4 0.125 0.51 0.44
S5

0.1

0.035 0.25 0.50
S6 0.07 0.24 0.86
S7 0.1 0.27 0.42
S8 0.125 0.38 0.46
S9

0.15

0.035 0.20 0.31
S10 0.07 0.39 0.88
S11 0.1 0.36 0.75
S12 0.125 0.60 0.41
S13

0.25

0.035 0.26 0.30
S14 0.07 0.39 0.51
S15 0.1 0.46 0.71
S16 0.125 0.65 0.59

This study is established technological regime for
finishing processing of a non heat treaded core of an
injection mold used in automotive industry. These
are:
 Machining allowance       0.1 [mm]
 Radial step                  0.035 [mm]

In the charts below is observed variation of the
roughness according to the radial step and machining
allowance (fig. 7 and 8).

Fig. 7 - Roughness variation – non heat treaded
core.

Best cutting parameter for milling a heat treated
core is:
 Machining allowance       0.05 [mm]
 Radial step                  0.035 [mm]

Fig. 8 - Roughness variation – heat treaded core.
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