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Experimental Evaluation on Machining Errors in Milling
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Helix Angle End Mills
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1. Introduction

It 1s known that using different helix angle
end mills 1in machining, the variation of
cutting area under machining decredses and

the machining state becomes stable'. From
such a wviewpoint, the different helix angle
end mills are widely used to avoid the

occurrence of chatter wvibrations in machine
shop at present. However, since their engage

angles of successive cutting edges are not
uniform, the geometric interference state
between tool and workpiece differs from the
‘ase when using the conventional end mills
and 1t 1s anticipated that the different
machining errors take place. In this study, as
the first step to clanfy the machining
characteristics of the different helix angle end
mills, the difference of machining errors between
different helix angle and conventional end mills
1S expenmentally compared and discussed.
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2. Experimental Equipments and Methods

In order to compare the machiming
characteristics of two types ol end mulls, the
end mills shown in Fig.l are utilized for
experiments. In the different helix angle end
mills used in this study, the engage angles
Al the nose part and the helix angles ol
successive culting edges are different. Hence
the engage angle @ decreases and f
increases with the increase ol the distance of
cutting position from the nose of the end mill
[.. This causes the geometric difference ol

{| R i

helix angle
Bal
3
a X
engage angle
a =9 g =9%°
different helix angle end mill conventional
Fig.l Utilized end mills
Table 1| Machining conditions
- Workpicce SS41

i Number of revolution

200, 400 min

Cutting speed 209.3, 418.7 mm/sec

10 mm

1, 3 mm

35, 120 mm/min ,r

- Cutting directions Down-cut, Up-cut

Width of cut
Depth ol cut

" Feed rate

Dry cutling

interference  states between tool and  workpiece
depending on the cutting position.

In the machining tests, a vertical milling
machine MHNC-40S  produced by Makino
Seiki Co. is used and the edge of workpiece
loaded on a dynamometer 9257A by Kistler
Co. is machined in peripheral milling as shown
in IFig.2 I‘rom the viewpoint to monitor the
difference between two Lypes of end mills,
the machining conditions shown in Table 1
are  selected as the number of simultaneous

acling cutling edge 1s one.

As shown in g3, the machiming errors
are measured al nine points 1 every | mm
successivelv  with  on  electric  micrometer
located on the spindle head and the data are
transmitted to a personal compuler.

3. Comparison of Machining Errors

Measured results of the machiming  errors
n down-cutting and up-cutting under the
condition that the machining position 1.712
mm are shown in Fig4. In down-cutting, the

positive machining errors, that 1s  residual
stock removal, take place and 1ts amount
|spmdle

4_- collet chuck

end mull

( ¢ 20)

workpiece

dynamometer

IFig .2 Machining selup

electnic micrometer

workpiece

IFig .3 Lrror measuring method

increases from the top to the bottom of
workpiece. These errors are caused by the
clastic deformation of spindle system, which
consists of spindle, collect chuck and end
mill, due to the cutting force taking place in
the opposite direction of depth of cut. In
up—cutting, the negative machining error, Lhat
s excessive stock removal, take place. The

error amounts slightly decrease from the
point h=9mm to h=6mm and lends O
increase from h=6mm to h=Imm. In ths

...253_



SR B s it A4 A3 (2001.8)

10
g o
..-:'.E
7
= 6
.is
—udl—
§3
%2!
1—-—-
Eﬂ ~

-30 0 30 60 90 120

g 10
£ 9 :

H depth of cut:
o

7 L i canventmnal
g 6
g s
e 4
g 3
Q2
§ 1

I ==L
0p50 100 150 200 250 300 350
Machining error d 4 m

Down - cut

8
= 7
! 6
12 5
4
D 3
=
S 3
= 0
-60 -40 -20 0 20 40
Machining error d 4 m
10
E o
8
N = ]
- 6
§- s
s 4
O 3 L |
= 2 o {No. of Rev. : 200min "'
ﬁ 1 ol feed rite : 120mmvmin
E {}l ld.—ptholﬂt: Jmam

60 -40  -20 0 20 40
Machining error d 4 m

Up - cut

I'ig.4 Measured machining errors

case, since the cutting direction is opposite Lo
the down-cutting, the cutting—force directs to
the workpiece side. Consequently, another type
of machining errors occur. The mechanisms
of the occurrence of these two Ltypes of
machining errors in conventional end mills
are analyzed in detail by Fujin and DLhEI’bm,
and they have reported the similar tendency
with the results shown in Fig.4. Comparing
the machining errors with the conventional
and different helix angle end mills shown in
Fig.4, the tendencies of both cases are similar
and the absolute amounts of machining errors
increase with the decrease of spindle revolution
speed.

However, absolute amounts of errors are
different between two types of end mills. In
down-cutting, these amounts with different
helix angle end mills are smaller then the case
of conventional end mills. On the other hand,
the amounts with different helix angle end
mills are larger in up-cutting. Furthermore,

the different of absolute amounts between
two types of end mills in down-cutting 1is
larger than them in up-cutting. So that, it
can be considered that the effent of different
helix angle typically appears in down-cutting
rather than in up-cutting. Taking mto account
these tendencies, the effect of different helix
angle in down-cutting will be considered in
detail in follows.

In the Machining with conventional end
mills, the feed rates per edge are constant, in
cases shown in Fig.4 0.075mm and 0.150mm,
and the interference state of each edge is
uniform. Consequently, the machining forces
and the elastic deformations are constant. On
the other hand, in case of different helix
angle end mills, the feed rate per successive
edges are changed depending on the machining
position L. For example, at the [Jomt L.=3
mim mrreqpondmg to the measuring point
h=1 mm in Fig.4, the engaging angles are «

=973 ° and A =827 ° and the feed rate of
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cutter a is 0.081 mm and of b is 0.069 mm.
Two dimensional interference state between
successive lools and workpiece is schematically
shown in Fig5. In the case of cutting edge a
of which locus is shown with broken line, the
feed rate of cutting edge is large and the
residual stock removal due to the elastic
deformation becomes large, While, in the case
of next cutting edge b, shown with alternate
long and short dash line, the feed rate 1s
smaller and the residual stock removal developed
by cutting edge a may be removed.

Fig.6 shows the interference state indown-
cutting. Cutting edge starts to interfere with the
bottom point A and progresses topoints B and C,

workpiece

depth of cut

Fig 5 Schemalical 2 dimensional interface stale

locus of cutting edge

. i finished

B surtace

cutting area

IFig .6 Interference stale in down-culting

while the cutting edge starts to be released
from the point C to D. Hatched area shows
the cutting area in this cutting process. AS
shown in figure, the cutting area ol cutting
tool gradually increases from the point A Lo
the peak and decreases to zero at the point
D. A measured example of the cutting forces
in the normal direction to finished surface in
down-cutting with different helix angle end
mill is shown in Fig.7. The machining

conditions are also shown in this figure. In
Fig.7 it is known that the cutting force
gradually increases to the peak and decreases
(o zero. The process of cutting force
deviation shown in this figure corresponds (o
the changing process of cutting area in Fig.0.
In Fig.7, a boundary line between the area ol
removed as chip and the area remained as
finished surface is shown. This line corresponds
(o the line between two points C and D in Fig6.
Since the tool starts removing from workpiece
when the cutting force intersects with this
line, it can be considered that the amount of
cutting force after this intersecting point
directly affect on the machining errors
finallyremained in finished workpiece surface,
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From such a viewpoint, the cutting forces
corresponding to each measured point are
shown in Fig.8. In this figure, the cutting
force at measured point h=1 mm 1s the
largest and it decreases form bottom to top
points. This tendency coincides with that the
cutting area shown in Fig.6 moves from
bottom to top and gradually decreases. In
Fig.8, the absolute amounts of cutting force
with a conventional end mill are the largest
and they decrease with cutting edge a to b
in different helix angle end mill. Since the
cutting force with cutting edge b 1s smaller
than with the conventional cutting edge as
shown in this figure, the difference between
these two cutting forces causes that the

lﬁ e o T TN e e g
9 ] No.of Rev. : 200min "
H feed rate : 120mm/min
T depth of cut : Jrun
6 @ conventional
5 O differemt
4
E 3 I, = 43.0mm
2 a =872°
1 g =0928°
u P fe—
A 9 L = 29.6mm
8 a =9.6°
6 .
4 5
B lo
8.- 3 - I
2 <
T © |
; 0 | S I ]
: il I, = 16.2mm
E T O8 a = gﬂg [+ ]
I o8 i
ﬂ ole _| ﬁ = Eﬁ.l
5 .
d O |-e 4 q—I
3 O P =
2 ﬁi
l i
'ﬂ T

50 100 150 200 250

Machining error d (LM

[Fig9 Machining errors in different culling positions

machining errors with the different helix angle
end mills are smaller than the case of the
conventional end mill.

Fig.9 shows the machining errors obtained
under the conditions 1.=43.0, 29.6 and 162 mm.
It can be known that the absolute amounts
of cutting errors decrease with the increase
of L. This tendency may be caused by that
the bulging length of the spindle system from
the front bearing decreases with the increase
of cutting position L. and the static stiffness
of spindle system increases. [Furthermore, the

difference between two engage angles ¢ and
8 decreases with the increase of L., and the
difference between machining errors with
conventional and with different helix angle
end mill decreases. From the test resulls
shown above, it is known that the metal removal
rate varies with the change of the feed rate
per cutting edge, the elastic deformation of the
spindle system, consisting of spindle, collet
chuck and end mill, varies with the cutung force
due to the metal removal rate. Consequently,
when different helix angle end mill is used in
down-cutting, smaller machining errors take
place comparing with the conventional end
mill.

4. Conclusions

Considering the machining errors occuring
in milling operations with different helix angle
end mills, the difference of absolute amounts
is experimentally compared with the case In
conventional end mills. From the test resulls,
it is clarified that the machining errors In
down-cutting take place due to the elastic
deformation of the spindle system, and that the
absolute amounts of machining error between
helix angle and conventional end mulls occures
depending on the difference of feed ratc per
cutting —edge. In order to clarified these difference
quantitatively, a three-dimensional cutting force
mechanism depending on the geometrical interference
between tool and workpiece shown in Fig.o
have to be analyzed theoretically, and it will be
considered n future.
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