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Abstract: In this paper some researches made for using high speed cutting technologies for machining
parts on milling center are presented. The goal of thisfirst study was to compare the roughing machining
time for the same part by changing the cutting parameters based on the type of the tool trajectories. For
cutting parameters calculation in classic theory, it is not taken into account the tool trajectories over the
part surfaces. Another goal was to check the machine behavior for specific machining cutting conditions
with high depth of cut and high cutting speed using an end mill tool for roughing procedure. The compar-
ison was made between classic roughing with parallel trajectories and an innovative tool path programs
implemented in Cimatron CAM software. The technique used is useful for machining small parts with
cavities where high feed cutting tools cannot be used.
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1. INTRODUCTION But if all this factors (CAM software, machine tepl

. - . d cutting tool t linked it will be highsts and
Today requirements in industry are more and h|gheran cutting tools) are not linked it will be hig an

f int of vi f brod ity dell . d small productivity increase.

orm Féo'nt ot view of pro E.Ct quaﬁ'ty’ e 'Vleri; te&fp Today there are researches in this direction.

cost. Companies try to achieve these goals by wsing By using CAM techniques one more parameter (beside
cient computer aided design and computer aided manu

facturing (CAD-CAM) software, machine tools and-cut gltizsifegu;trlggug?{,{ﬁ%ﬁé? gtlg Eﬁipo?gmloz\?sl |Ir$&tg
ting tools. In this way the productivity is incréag up to on the tool and machine) and this is tool path [’9].
40-50% comparative to the traditional methods. Bus thi The tool path has always been the weak link in the
has an inconvenient generated by the high pricéiseske

p 9 chain —machine tool; cutting tool; CAM softwarepity
components and also by the “broken link” betweemth 5y forcing the use of cutting parameters thatam the

[6]- side of caution rather than productivity. Theseticenary

Cutting tool and machine tool technologies have beyqq| parameters are detrimental to the tools pevéorce
come more sophisticated over the years, but sopersx 5.4 ate.

believe full productivity gains have not been maxte In numerical controls programmers tried to repkcat
cause of the inherent shortcomings in the off-ie@era- o human skills in manual machining.

tion of tool paths. _ Every time when a sharp corner appears in the tool
In CAD-CAM you can do almost everything on the path  the load of the cutting tool increases bezahs

computer but you are limited by the technologiaaidi-  gngage of the tool in material is higher (Fig. 1).
tions. Also the tools are now more and more effitand The traditional tool path is limited by four techog-
can support high load at high feed. High-perforneanc ;.| features [1]:

geometries are designed for optimum speeds and feed

and ensure a customer a heightened return on ¢heir
ting tool investment [1].

The performances of the machine tools also are in-
creasing. The stiffness and the accuracy of thehinac
nearby the dynamical behavior define the qualitythef
parts [2]. No matter how sophisticated a machirm ig
it cannot do anything without a tool and a toolhpat
(Glenn Coleman).
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put/output functions. It dynamically manages cugttin

strategies, feed rate and depth of cut, and mimimiz

force and heat buildup in both the part and the kyo

maintaining the programmed material removal rate.
The idea is to generate a path where the tool i®ad

constant on the cutting tool.

initial full cut into the material;

stepping over between cuts;

feeding into new areas of the part;

overloading in corner.

Classic algorithm for milling selected portions &f
workpiece by a cutting tool of a numerical contnah-
chine fallows the next step:

a main tool path is generated, the main toolpath-co
prising one or more cuts;

compute one or more transition toolpaths, eactsiran

3. CASE STUDY — USE OF A HIGH SPEED
REMOVAL STRATEGY FOR STEEL MILLING

Our study is based on VoluMill strategies implement
tion toolpath defining a transition area intersegti ed in Cimatron E11 CAM software. The approacheswer
one or more of the cuts of the main toolpath; from 2 directions. One is a comparison with staddar
trim one or more cuts of the main toolpath near twoprocedure and the second is from the right waypef a
or more points of intersection between the mainpjied the VoluMill roughing procedure.

toolpath and the transition toolpaths; Our study is based on the fallowing steps:

connect the trimmed portions of the main toolpath1.
with one or more connecting moves such that each
connecting move is mostly inside one or more of the
transition areas;

mill the selected portions of the workpiece by nmayvi
the cutting tool in accordance with the cuts, titzms
toolpaths, trimmed cuts, and connecting moves.

There have been many attempts over the years to im-

prove upon the traditional toolpath. Parts of thase
tempts are based on the pick geometry and offsat-it
cording with tool diameter. There are some algargh
for detect and improve approaches in order to hgdath
that has flaws [3].

2. NEW APPROCHE IN TOOLPATH
GENERATION - VOLUMILL

New researches are made in order to generatedhe to
path so that the defects are never there in theffiace.

A high-quality cutting tool, driven by innovativedl
path programs can increase metal removal ratesuak m
as 10 times.

Some results of these researches were implemented
VoluMill algorithms.

These can be used for all 2 axes and 3 axes roug
milling from simple parts (prismatic one) up to quex
freeform molds.

In addition, VoluMill is capable of dynamic adjust- *

ments to the axial depth of cut and/or the feed sat as
to never exceed a pre-set rate of material remd\ala
result, VoluMill can be safely used at feeds andesis
many times greater than what is recommended bercutt
manufacturers [3].

In addition to achieving much higher material remov
al rates than typical machining, VoluMill has alseen
shown to double, treble, or even quadruple Millaugter
life when used correctly [4].

In contrast with other types of High Speed Machinin
toolpaths, VoluMill toolpaths are typically used thvi
axial depths of cut up to the full flute lengththg Mill-
ing cutter. They are also effective in high speleallew-
axial, deep-radial cutting; a step over betweersga®f

prepare the part:
a. planar milling;

b. drilling a technological hole for (pre-drill befare
milling);

2. classic metal cutting strategy — roughing with pjata
trajectories;
3. new strategy —volumill first scenario — roughing al

part with one depth of cut of 4 mm and the second
depth of cut of 20mm;
new strategy —VoluMill second scenario —roughing
all part with one depth of cut of 14 mm and the se-
cond one with 4 mm;
In all three cases (from step 2, 3 and 4), the iach
ing time was monitored.

The machining parameters were calculus based on the
part material, type of tool, number of flutes, tygfehold-
er and depth of cut.

In Volume strategies, the depth of cut can be up to
two times tool diametr.

These strategies can be applied for small and mediu
parts and cavities.
. For the test we used a HAAS CNC Milling Machine
VF2ss with the fallowing characteristics:
: Machine type: vertical milling center with working

spacexX/ Y/ Z: 762/402/508 mm.
Maximum workpiece weight 680 kg;
Toolholder type:BT40
Main spindle power: 22.4 kW;
Main spindle rpm: 12 000 rpm;
Maximum feed: 20 m/min;
The part material is steel C45 (Brinell hardness HB
255) with the characteristics shown in Table 4.

The part dimensions are: X 110 mm; Y 105 mm; Z
115 mm.

A demonstrative 3D model was created in Cimatron
E11 (Fig. 3) All dimensions are in millimeters

In order to underline the effects of VoluMill steat
gies some preparation machining were made.

4.

Table4
Chemical composition % of grade C45 (1.0503)

up to a radial depth of cat of 100% of the tool diameter

can be safely used without leaving any uncut melteri

VoluMill is a revolutionary new programming tool
path technology that corresponds to the new develop
ments in cutting tools and machine tools by usikigte

Cr + Mo + Ni =max 0.63

C Si Mn Ni P S Cr Mo
0.43 0.5

- max - max | max | max | max | max
05 0.4 0.8 0.4 | 0.04 | 0.045 0.4 0.1

ing CAD/CAM functionality for geometry and in-
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Input

Units: | Metric

Part Materal Type: | Carbon Steel

Part Materal Hardness: | Brinall (HB)

Tool Diameter: |10

MNumber of Flutes: |5

Tool Length: | Length of Gut > 1.25x and <= 2 5x dia

Coating: | Aplus v
Toolpath Type: | VoluMil ~|
Part Holding: |Better oy
Machine Taper: |40 Taper |
Tool Holder Type: |Endmill Holder v
Maximum RPM: | 12000 == Enforced below
Maximum Feed MPM: |7 7_ = Enforced belfow
Recommendations
Conservative ) Aggressive
smm: 329 s
RPM: 10472 | [12000
MMPT: (0118 0117~
MmPM: 81723 | [7000.0~
Stepover: | 120 12% of tool diameter
Depth of Cut:  20.00 2X tool diameter
Entry
: Angle: 1 RPM: 5240 MMPM:  3086.1

Fig. 2.Machining parameter determination.

For machining parameters calculus, the fallowing
formulas were used:

v=— GO @
Tm [ﬂl X, B;yv |]Wv an
n=—Y¢_[1000, )
nD
F=znlf,. 3)

where:

F — feed rate [mm/min];

Xu Yor Wy, Ny — EXpONENts;

V., — cutting speed,;

C, — cutting conditions coefficient;

k, =k.kmKkiks — corrections coefficients taking into
account the cutting tool material, design of thé cu
ting edge, material characteristics, stock;

T —tool life in minutes;

t — depth of cut in millimeters;

s— feed per revolution [mm/rev];

t, — length of the cutting edge [mm];

z — number of teeth of the cutting tool;

D - tool dimeter;

f,— feed per tooth.

A software Milling advisor ) was used for fast calcu-

lation based on these formulas (Fig. 2).

First a face milling (Fig. 4) was made by usinggbar

lel trajectories with a Walter end milling tool Wib =
40 mm andz = 6.

The cutting parameters used are: feed rate 1 591
mm/min; feed per tooth 0.1333 mm; cutting speed 250

m/min, spindle speed 1 990 rpm.

A second operation was drilling (Fig. 5) using a 16
mm drill with one cutting edge with 180 degree. The
drilling parameters used are: feed 430 mm/min; feed

revolution 0.0793, cutting speed 272 m/min; spindle

speed 5 420 rpm.

43

The third step was for roughing.

In order to compare the classic way with the neghhi
speed material removal techniques two strategie® we
developed in Cimatron E11 software. The tool was an
endmill tool with 4 teeth and 10 mm diameter.

First it was a classic roughing procedure with fara
tool path with 0.5 depth of cut. The machining paea
ters used were: feed 908 mm/min; feed per tootb8.0
mm; cutting speed: 123 m/min, spindle speed 3 ik r

The total time for this roughing procedure was 23
min and 43 sec (Fig. 6).

Secondly, a VoluMill technique was used for milling
the same surfaces in a rough procedure with thee sam
tool and using machining parameters: depth of c¢ut 1
mm; feed 7 376mm/min; feed per tooth 0.18 mm; ogtti
speed: 314 m/min; spindle speed 10 000 rpm.

In this conditions, the total time was 2 min ands28

(Fig. 7).
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Fig. 3. Demonstrative part.

Fig. 4. Face milling.
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Fig. 5. Drilling.
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Fig. 6. Classic roughing procedure.
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Fig. 7.VoluMill procedure.

"\i =
. = Z
According to the part topology, the toolpath was-ge S =
erated in order to eliminate some classic featofethe =: N { i
cutting techniques. The way of getting of the tmoand > RN 7
out material was eliminated. The toolpath is sgedé )
signed for entering the material without any supya- Fig. 9. VoluMill toolpath.

tary load of the tool.

In our case, it is allowed to engage from outsifle 0 For the curves it is the same feed in all cuttiogts.
the material. For pocketing, it is recommended &kena  |n this case, the tool load is calculated basetherform
hole with a drill with 180 degree. For VoluMill,étstart-  of the trajectories. There are small variationthi depth
ing point will be the center of this hole. of cut in order to keep a constant feed (Fig. 11).

In Fig. 8, one layer of toolpath for classic spsakt- Also, it can be noticed a large number of cutting
egy is presented. As it can be noticed, the trafest are  points on linear trajectories. Usually, for a classutting
linear and circular with a lot of inflexion pointk this i |inear movement, the tool trajectory is startiingm
case, the cutting conditions are not constantedihg) to  cyrent pointP, and reaches the endpoli (G1 X; Y
the conclusion that the cutting tool is not beirgedi 7 F) where the start point is §XYo, Z0) and (%, Y1,
properly. Also, this is unfavorable for the machtoel. 7)) is the target point of the took being the feed in
The variations of the cutting forces are inducingt@a-  mm/min) (Fig. 12).
tory behavior of the machine having negative infilces
over the part.

In Fig. 9, the results for VoluMill toolpath areepr
sented. In this case, there is only one depth bbtd4 yimax p — yimax o1 XY, 7, F; . (5)
mm.

The trajectories are complex curve generated based The main advantage is that the machined surface is
on VoluMill algorithm for constant load on the dog very well covered by the tool and the feed is oj#éd in
tool. For linear movements, there are some vanatio each point (Fig. 13).
the feed. The engaging of the tool in materialdeealstep At the first sight, it seems that the NC file for
by step over a curve. VoluMill technics will be bigger than that obtainedth

In the NC file it can be noticed some particulasti ~ classical milling strategies. But it is not. In dill
The feed is not constant over the linear trajeetoin  toolpath even if there is a bigger number of catfints
order to keep the same load on the tool. Sometianm  there are only few cutting depths (one or two) (Hig),
can be quite big but they will not change the agtti depends of the active apart of the cutting toolclassic
condition. strategies there are a lot of cutting depths (egsteel it

For VoluMill linear trajectories there are a numiodér
points betweeiy andP;:
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could be of 0.5 mm, which meatisat for a total height
of the excess material of 14 mm, g8&thsare necessary
(Fig. 15 ) eaclpath having associatethe same tool tra-
jectory.

The NC file with VoluMill, after postgocessing with
the same NC postprocessor, hasl& lines. For the
classic toolpath studiedqughing withparallel trajecto-
ries),the number of lines in the NC file it 544.

The NC file dimension fololuMill is 173 kB and
for parallel roughing is 296 kB.

N3119
N3120
N3121
N3122
N3123
N3124
N3125
N3126 X0
N3127 X0
N3128 X0
N3129 X0
N3130 X0
N3131 X0

Y-58.7

Y-49.29 F7374.1
Y-4.56 F7376.
.26 F6803.6
.97 F1376.
.67 F7037.1
.38 F1376.
.02 Y-3.08
.05 Y-2.79
.08 Y-2.65
.1 ¥y-2.5

.14 Y-2.36
17 Y-2.22

Fig. 10.VoluMill NC file- linear trajector definition.

N46TT
N4678
N4679
N4680
N4681
N4682
N4683
N4684
N4685

X91.53 Y-32.02 F15000.

X91.8 Y-31.87 Z-14.92 F7376.
X92.04 Y-31.67 Z-14.93
¥92.24 Y-31.43 7Z-14.95
X92.38 Y-31.15 Z-14.97
X92.47 Y-30.86 Z-14.98
X92.5 Y-30.55 z-15.

Y-30.43

Y-30.42 F3e64l1.

Fig. 11.VoluMill NC file- complex trajector definition.

Fig. 12.Classic NC linear interpolaticwith G1.

Fig. 13.VoluMill NC linear interpolation with C.

Fig. 14.Depth of cut foVoluMill (14 mm) one path.

Fig. 15.Classicparallel roughing (0. mm) 28 paths.

4. CUTTING STRATEGY FOR APPLYING
CORRECT VOLLUMIL TECHNIQUES

A second study presented in this papethe imple-
mentation of the VoluMillin part machining teing into
account the part topology.

Studying the parit can be noticd two steps (Fig. 3).
In the first steghe cutting is done wit4 mm depth and
the second one with4 mm depthAt the first view, the
logic is to machine the first depth and then theosd
depth.

If we apply the VoluMill strategy in this manner, a
machining time of 4 minuteand 57 sewill be obtained
(Fig. 16, a).

But in this strategy the correct way isuse the big-
gest depth first and therontinue with the smaller depth
but only in the un-machinedrea Fig. 16, b). The ma-
chining time in this case isrin and 23 se.

Fig. 16.Cutting strategies fcvVoluMill.
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5. CONCLUSIONS

It wastes a lot of time when the tool is engagethan
material. The feed is changed and the trajectomies
complex (starting with a ramp entering and endiritty &
complex helix with a very small radius and angle).

Another inconvenient is that there are a lot ofidap
and max feed movements between cuts.

Also in corners there are some unwanted phenomeng
like overloading the tool, very fast acceleratiord ade-
celeration of the linear axis of the machine. Tidl
affect the tool life and also the machine.

This traditional known problems will affect in tie@d
the quality of the machined parts and the coststdle
longer machining time. a b

The tool path has always been the weak link irctien
machine tool-cutting tool-CAM software. This was as+
pect which was not taken into account when the iméad
parameters were calculatedd.

VoluMill is a revolutionary programming tool path
technology that follows the new developments irtiogt
tools and machine tools by using existing CAD/CA
functionality for geometry and input/output functs

In VoluMill toolpath the strategies of tool engage-
ment in material are eliminated. On the all lengthhe
trajectory, parameters as the axial depth of cdt faed
are controlled in order to obtaine a constant loadhe
tool.

This means long tool life, less vibration on the-ma
chine, lower tool load (lower cutting forces andjiees).

The tool is optimal used by cutting with all theiae

Fig. 17.VoluMill cutting test:a — test with depth of cut= 14
mm; b - test witht = 4 mm.

The maximum depth of cut can be up to two times the
M tool diameter.

The tool path technology makes dynamic adjustments
to the depth of cut and/or the feed rate so asonexceed
the pre-set volume of material being removed at any
given time.

As next research, we propose to measure the forces
and moments during cutting for the analysis stiatem
order to establish the optimal machining parameters
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