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Study on High-Speed Machining by End Mill
{Accuracy by Contouring and Error Factors)

Hiroyasu IWABE, Kazuhiro TAKEMOTO and Junichi IMAI

This paper deals with the accuracy of high-speed machining by an end mill on a circular and
square workpiece and the error factors involved. The results are as follows. (1) In the steady
region of cutting conditions, the profile error generation is related to the following : (a) the tool
mark, (b) the cutting force, (¢) the cutter radius, (d) the run-out of the cutter and (€) the droop.
(2) However, in the transitional region, the following errors were generated at the periphery of the
workpiece: ( f) the notch-type error at the outset of the machining, (&) the overshoot error and
{h) the gap-type and projection-type errors at the boundary point of the quadrant. (3) The error
due to run-out of the cutter increased to the square of the angular velocity of the spindle in
machining. (4) The error factors of the dimensional error of the workpiece machined to be circular
are classified into (2), (b), (¢), (d) and (e) listed above. Also, the predicted value calculated
by adding all of the above error components effected on the dimensional error is almost coincidental

to the experimental value.
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Table 1 Machine tools used

machine A machine B
machine machining center | NC milling machine
horizontal type vertical type
spindle 120 ~ 20000 240 ~ 15000
revolution min™! min~'
feed 1 ~ 16000 mm/min | 1 ~ 5000 mm/min
controller FANUC 0-MC MELDAS 325M-V

Table 2 Cutting conditions for straight machining
[ ) : Machine B]

(a) In case of constant spindle revolution
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feed ]F mn/min [ 16000 | 12000 | 8000 | 4C ]

t mm/tooth | 0.2 | 0.15| 0.1]0.05 10.025 0.0125 Fie 1 Workpiece for straigh o
b L K0.025)(0.013)K0. 0083) * orkpiece for straight machining
spindle 20000
revolution N min'! (1eoo0) o
cutting speed V m/min 628.3 (314.2) o :%
depth of cut mm radial: 0.2, axial:7.0 580 2

o40
(h) In case of constant [eed per tooth ‘@:) I
2 = o 32
Teed F wm/min_ | 16000 | 12000 | 8000 | 4000 | 2000 | 1000 A LN
f mn/tooth 0.2 (0.1) d ™
spindle 20000 | 15000 | 10000 | 5000 | 2500 | 1250 i
revolution N min™* (10000)| (5000) A /
ot utoihehiioh B - 4 olo
cutting speed V m/min | 628.3 | 471.2 ‘ 314.2 1 157.1 | 78.5(39.3 “0/ =5
A N B M 11 T )
depth of cut mm radial:0.2, axial:7.0
. lc
et e e - 4= 8 A
Table 3 Cutting conditions for circular machining o O |
[( ) :Machine B]
Teed ¥ wn/min | 16000 | 12000 | 8000 | 4000 P
['el
f mm/tooth | 0.2 0.15 | 0.1]0.06 vl o
0] o 1 wt ?
(0.1) : rﬁ] a0
) o SO
spindle 20000 I Qﬂl
| revolution N min™' (10000) ! *L Hi|
cutting speed V m/min | 628.3 (314.2) o ~ BEL
depth of cut mn | radial:0.2, axlal:7.0 Fig.2 Workpiece for circular machining
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(a) Straight path (b) Circular path
Fig.3 Cutter path
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Fig.4 Cutter path for measerment of cutter run-out

WENL 217 - 2 % U A Q2 & 0 #ERT N A
Wy S BENT, AQ3 £ THET 5. &7, EFML
KBV TRA—DEGET—20MMLE2{T5 /28, 1
BOTGTIMEDHEREITToT05, B, T
TOMLCREBRTZ 74— F « 747 — P25
AL T3,

Z DA TR OERBEAWT, B4 s
TTESMIC LD TEDFEN 2 HET 2EBE21T>T
Wwa, BEMICIE, BUKA»VE> TR B S
SO LDSIZETEASI LD SIETOEMRETER
—OEHEERTMT L, THEAEROME 2 EaE L
it sz btk D, 20EERCBE 3 TRDRN
DK ESEPBEMCTHL T3,

MIsEOREREAENER(Z>7T—7 — &
7v v Talyround 3), EXRTCHEHGHRBE
UA-400A) B X UEBR~ M 7o x— % (HEER | E-
DD % RV, FRHEA B OBEIE W IXFEE R RER
(KBF7 5 4 ABHERT | CMD) 2 vz,

3. ERRERELUSE

3.1 EEMMTICL BTEEE

3-1-1 MTBEOHE KL 6RERALL
U B &L, BHORTEEC X VERNI 21T
MTEORREBER <A 70 A—F L DHIELICH

machine A
1omm  N=15000 min1
1 <> F=12000 mm/min
Sum . -
Et].

e

- —
— e —_——————

(a) Machining to — Y direction

10 mm
-

{som

(b) Machining to — X direction

Fig.5 Error shape of machining surface by straight
path (Machine A)
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Fig. 6 Error shape of machining surface by straight
path (Machine B)
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Fig.7 Error by cutting force
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Fig.8 Error by overshoot
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Fig.9 Error by cutter run-out
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Fig. 11 Roughness by tool marks (K.=5mm, R.=20
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Fig. 12 Workpiece radius by circular machining
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Fig. 13 Error motion traces for circular movement
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Table 4 Analysis of dimensional error

error factor machine A | machine B
tool marks 1.0 8.5
cutting force 1.6 15.2
cutter radius 15.0 15.0
run-out of cutter -10.0 -19.0
droop 2.0 -38.9
predicted value 9.6 ~19.2
experimental value 8.9 -14.9
(aem)
= - 300
a ® machine A (F.F, Compensate)
_o0 L © machine B (F.F. Compensate)
o o machine B (Normal)
e R =25mm l ’ - |
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Fig. 14 Droop with feed
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