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Abstract Cutting trials reveal that a measure of cutter run-
out is always unavoidable in peripheral milling. This paper im-
proves and extends the dynamic cutting force model of periph-
eral milling based on the theoretical analytical model presented
in Part I [1], by taking into account the influence of the cutter
run-out on the undeformed chip thickness. A set of slot milling
tests with a single-fluted helical end-mill was carried out at dif-
ferent feed rates, while the 3D cutting force coefficients were
calibrated using the averaged cutting forces. The measured and
predicted cutting forces were compared using the experimen-
tally identified force coefficients. The results indicate that the
model provides a good prediction when the feed rate is limited
to a specified interval, and the recorded cutting force curves
give a different trend compared to other published results [8].
Subsequently, a series of peripheral milling tests with different
helical end-mill were performed at different cutting parameters
to validate the proposed dynamic cutting force model, and the
cutting conditions were simulated and compared with the ex-
perimental results. The result demonstrates that only when the
vibration between the cutter and workpiece is faint, the predicted
and measured cutting forces are in good agreement.
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Ω radial immersion angle
αe effective rake angle
αe0 initial effective rake angle
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αn normal rake angle
αr radial rake angle
β helix angle of end mill, inclination angle of

oblique cutting
θ tool rotation angle
ϕ helix lag angle
ϕs, ϕe helix lag angular locations of the starting and

ending points of contact
ϕe0 initial location angle of the cutter centre rela-

tive to spindle centre
ϕi position angle of a point on the cutting edge of

the ith helical flute
ψ axial immersion angle of a tooth within ba

ω spindle rotation angle speed
δe cutter run-out value
dFti, dFri , dFai differential cutting force components of the

ith helical flute in tangential, radial and axial
directions

dFix , dFiy, dFiz differential cutting force components of the
ith helical flute in x, y and z directions

Fix , Fiy, Fiz total cutting force components of the ith heli-
cal flute in x, y and z directions

Fx, Fy, Fz total cutting force components in x, y and z
directions

Ks tangential cutting force coefficient
R tool radius
R′

i (ϕi) actual cutting radius of the ith tooth in angle
position ϕi

V cutting speed
Vc chip speed
ba axial depth of cut (peripheral milling)
c1 radial cutting force ratio
c2 axial cutting force ratio
d radial depth of cut
ft feed per tooth per revolution
m number of cutter flutes
n spindle rotation speed (rpm)
time time
t undeformed chip thickness
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ti(ϕi) undeformed chip thickness of the ith tooth in
angle position ϕi

δti(ϕi) variation of undeformed chip thickness caused
by cutter run-out

t0 initial undeformed chip thickness
tc chip thickness
u0 initial total cutting energy per unit volume
SF spindle frequency
TPF tooth passing frequency

1 Introduction

An accurate dynamic cutting force model is essential for the
precise prediction of tool and workpiece deflection as well as
the control of vibrations in peripheral milling. Studies on theor-
etical modelling and experimental verification of dynamic cut-
ting forces in peripheral milling have been investigated [2–8]
and have been reviewed by Smith and Tlusty [9]. Very few re-
searchers working on the cutting force models have focused
their attention on the following experimental issues, i.e., the un-
avoidable cutter run-out and vibrations between the cutter and
workpiece in the cutting process, as well as the successive incon-
sistency of measured cutting forces [10, 11]. Some researchers
attempted to address the cutter run-out in their work [5–7], how-
ever, no attention was given to cutting force models, especially
experimental verification of the models.

In the previous paper [1], a theoretical model with an ana-
lytical expression for the prediction of dynamic cutting forces
in peripheral milling was presented. In the further experimental
verification and application of the model, it is found that there
should be a measurement of the cutter run-out, which signifi-
cantly influences dynamic cutting forces. Considering the influ-
ence of the cutter run-out, this paper provides an improvement
of the theoretical model. Furthermore, for the integration of the
model, the axial cutting force component is formulated in the
model as well. For the verification of the model, a series of well-
designed cutting tests are carried out. For each cutting test, not
only the dynamic cutting forces are recorded, the cutter run-out
and the spindle and workpiece vibrations are measured as well.

2 Theoretical background

The details of the theoretical dynamic cutting force model for
peripheral milling was presented in the previous paper [1], but
the brief mathematical formulation related to this paper is sum-
marised in this section. Figure 1a shows the geometric model of
a helical end mill, which can be visualised as a combination of
a number of slices along its z-direction. Within each slice, the
cutting action for an individual tooth can be modelled as for sin-
gle point oblique cutting, and the differential tangential, normal
and axial cutting forces at any point on the rake face can be ob-
tained from the oblique cutting model [1, 12, 13], as shown in

Fig. 1a,b. A diagrammatic illustration of the differential cutting force model
of peripheral milling. a Helical flute geometry b Differential cutting forces

Fig. 1b:

dFti(ϕi) = Ksti(ϕi)R cot βdϕ (1)

dFri(ϕi ) = c1dFti(ϕi) (2)

dFai(ϕi) = c2dFti(ϕi) (3)

where ti(ϕi) is the undeformed chip thickness of the cutting point
on the ith helical flute at position angle ϕi , and

ϕi = ϕ−ωtime + (i −1)
2π

m
(1 ≤ i ≤ m, 0 ≤ ϕ ≤ ψ) (4)

where

ψ = ba tan β

R
(5)

is the axial immersion angle of a tooth within the axial depth of
cut ba.

In the model, Ks is the tangential cutting force coefficient,
the radial force ratio c1 varies depending on the cutter material
and geometry, work material, and cutting conditions [12], and the
axial force ratio can be determined using [13]

c2 = sin β(1− sin αn)− c1 cos αn tan β

sin β sin αn tan β + cos β
(6)

where αn is the normal rake angle of the helical flute [1].
According to the milling kinematics, and considering the

influence of the cutter run-out, the undeformed chip thickness
removed by the cutting point on the ith helical flute can be cal-
culated as follows:

1. For down milling, as shown in Figure 2a:

ti(ϕ
′
i ) =

{
ft sin(ϕ′

i)+ δti(ϕ′
i)if0 ≤ ϕ′

i ≤ Ω

0else
(7)

2. For up milling, as shown in Figure 2b:

ti(ϕ
′
i ) =

{
ft sin(−ϕ′

i)+ δti(ϕ′
i )if−Ω ≤ ϕ′

i ≤ 0
0

(8)

where δti(ϕ′
i) is the contribution of the cutter run-out to the unde-

formed chip thickness, which is given by:

δti(ϕ
′
i) ≈ R′

i (ϕ
′
i)− R′

i−1(ϕ′
i) (9)
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Fig. 2a,b. Peripheral milling. a Down milling
b Up milling

where R′
i (ϕ

′
i) and R′

i−1(ϕ
′
i) are the actual cutting radius of the ith

and the preceding tooth respectively, and

R′
i (ϕ

′
i) =

√
R2 + δ2

e −2Rδe cos(� O′OP) (10)

� O′OP = π −|ϕi −ϕe| (11)

where δe = OO′ is the cutter run-out value. O′ is the spindle
centre, and O is the cutter centre, as shown in Fig. 3.

In the initial position, the spindle rotational angle θ =
−ωtime = 0, let the initial location angle of the cutter centre be
ϕe0 (0 ≤ ϕe0 ≤ 2π). Assuming the initial location angle of the
first tooth (m = 1, ϕ = 0) is 0, so for the ith tooth of the cutter,
when the helix lag angle ϕ �= 0 and the spindle rotational angle
θ �= 0, the location angle of the cutter centre

ϕe = ϕe0 + θ. (12)

So by using Eq. 4, we can rewrite Eq. 10 as

R′
i (ϕ

′
i) =

√
R2 + δ2

e −2Rδe cos(π −|ϕ−ϕe0 +2(i −1)π/m|).
(13)

Fig. 3. The cutter run-out model

Resolving the differential cutting forces of Eqs. 1–Eq. 3 into
the X, Y and Z directions yields (because δe ≺ R, so ϕ′

i ≈ ϕi ,
R′

i (ϕ
′
i) cot β ≈ R cot β):

{
dFtix = −Ksti(ϕi)R cot β sin ϕidϕ

dFtiy = Ksti(ϕi)R cot β cos ϕidϕ
(14)

{
dFrix = −c1Ksti(ϕi)R cot β cos ϕidϕ

dFriy = −c1Ksti(ϕi)R cot β sin ϕidϕ
(15)

dFiz = −c2 Ksti(ϕi)R cot βdϕ (16)

Summing these equations gives the differential forces in the X, Y
and Z directions:


dFix = −Ksti(ϕi)R cot β(sin ϕi + c1 cos ϕi )dϕ

dFiy = Ksti(ϕi)R cot β(cos ϕi − c1 sin ϕi )dϕ

dFiz = −c2Ksti(ϕi)R cot βdϕ

(17)

Considering the size effect of undeformed chip thickness and
the influence of effective rake angle, gives the tangential cutting
force coefficient Ks [1]

Ks = u0

(
1− αe −αe0

100

)(
t0

ti(ϕi)

)0.2

. (18)

Letting

u′ = u0

(
1− αe −αe0

100

) (
t0
ft

)0.2

, (19)

the tangential cutting force coefficient can be approximated by
(assuming δti(ϕi) ≺ ti(ϕi)):

1. For down milling:

Ks ≈ u′(sin ϕi)
−0.2(0 ≤ ϕi ≤ Ω) (20)

2. For up milling:

Ks ≈ u′[sin(−ϕi)]−0.2(−Ω ≤ ϕi ≤ 0) (21)
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By applying Eqs. 20 and 21, and noting that dϕi = dϕ, Eq. 17
becomes:

1. For down milling:




dFix =−u′( ft sin(ϕi)

+δti(ϕ′
i))R cot β(sin0.8 ϕi + c1 sin−0.2 ϕi cos ϕi )dϕi

dFiy =u′( ft sin(ϕi )

+δti(ϕ′
i))R cot β(sin−0.2 ϕi cos ϕi − c1 sin0.8 ϕi )dϕi

dFiz =−u′( ft sin(ϕi)

+δti(ϕ′
i))R cot β(c2 sin−0.2 ϕi )dϕi

(22)(
ϕi = ϕ−ωtime + (i −1) 2π

m
0 ≤ ϕi ≤ Ω

)

2. For up milling:




dFix =−u′( ft sin(−ϕi)+ δti(ϕ′
i))R cot β

× [− sin0.8(−ϕi)+ c1 sin−0.2(−ϕi) cos ϕi
]

dϕi

dFiy =u′( ft sin(−ϕi)+ δti(ϕ′
i))R cot β

× [
sin−0.2(−ϕi) cos ϕi + c1sin0.8(−ϕi)

]
dϕi

dFiz =−u′( ft sin(−ϕi)+ δti(ϕ′
i))R cot β

× [
c2 sin−0.2(−ϕi)

]
dϕi

(23)(
ϕi = ϕ−ωtime + (i −1) 2π

m−Ω ≤ ϕi ≤ 0

)

where (1 ≤ i ≤ m, 0 ≤ ϕ ≤ ψ).

The total cutting force applied on the whole cutting edge is given
by




Fix = ∫ ϕe
ϕs

dFixdϕi

Fiy = ∫ ϕe
ϕs

dFiydϕi

Fiz = ∫ ϕe
ϕs

dFizdϕi

(24)

where ϕs and ϕe are the lag angular locations of the start and
end points of contact of the cutting edge, and are defined in the
following kinematics analysis.

1. For down milling: Because 0 ≤ ϕ ≤ ψ, ϕi = ϕ−ωtime + (i −
1) 2π

m and 0 ≤ ϕi ≤ Ω give the extreme values of the paramet-
ric angle ϕi as:

ϕs = max(0,−ωtime + (i −1)
2π

m
) (25)

ϕe = min(Ω,ψ −ωtime + (i −1)
2π

m
) (26)

2. For up milling: Also, 0 ≤ ϕ ≤ ψ, ϕi = ϕ−ωtime + (i −1) 2π
m

and −Ω ≤ ϕi ≤ 0 give the extreme values of the parametric
angle ϕi as:

ϕs = max(−Ω,−ωtime + (i −1)
2π

m
) (27)

ϕe = min(0, ψ −ωtime + (i −1)
2π

m
) (28)

Summing up the cutting forces acting on all the m helical flutes
gives the total force applied on the whole cutter.



Fx =
m∑

i=1
Fix

Fy =
m∑

i=1
Fiy

Fz =
m∑

i=1
Fiz

(29)

3 Experimental calibration of cutting force
coefficients

In the cutting force model, the following three coefficients are to
be calibrated by experiment:

1. u0, the initial total cutting energy per unit volume, under the
initial cutting condition αe0 = 0◦ and t0 = 0.25 mm [12]

2. c1, the radial force ratio
3. c2, the axial force ratio

The value of u0 depends on the workpiece material, cutter ma-
terial, cutting edge radius, friction characteristics between the
workpiece and the cutter (no built-up edge is assumed), whereas
the ratios c1 and c2 rely mainly on the cutter geometry. Although
c2 can be obtained from c1 and cutter geometry using Eq. 6 [13],
it needs to be calibrated by experiments, due to the inconsistency
between the calculated value and the experimental data.

In order to avoid the interference of the cutting force gen-
erated by adjacent teeth, a one-tooth helical end mill is used in
the cutting trials for the calibration of cutting force coefficients.
It can be seen from Eq. 9 that a small cutter run-out (no matter
how much the value and its initial location angle ϕe0 are) theor-
etically has no influence on the cutting force. In order to obtain
a maximum radial immersion angle, a set of slot milling tests
were carried out with the cutting conditions and parameters as
listed in Table 1.

The experimental work was performed on a three axis ver-
tical CNC machine centre, Cincinnati Arrow2-500. The 3D
dynamic cutting forces were recorded by the Kistler table dy-

Table 1. Cutting conditions and parameters (slot milling)

Cutter: a single fluted solid carbide end-mill, R = 10 mm, β = 45◦, αr = 5◦

Work material: carbon steel EN8

Cutting condition: with fluid

Cutting parameters: spindle rotation speed n = 1114 rpm (cutting speed
v = 70 m/min), feed rate ft in mm/tooth, axial depth of cut ba in mm

ft = 0.0197 ba = 10.545
ft = 0.0296 ba = 10.545
ft = 0.0395 ba = 10.545
ft = 0.0494 ba = 10.45
ft = 0.0592 ba = 10.39
ft = 0.0691 ba = 10.45
ft = 0.0790 ba = 10.39
ft = 0.0889 ba = 10.39
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namometer, 9257BA, and mounted on the worktable of the
machine tool. Machine vibrations were monitored using piezo-
electric accelerometers mounted on the spindle head, and
workpiece vibrations were examined by the accelerometers
mounted on the workpiece itself, which was fixed using the
Microloc fixture system, Kit-75, mounted on the dynamome-
ter. Figure 4 illustrates the experimental configuration and
setup.

For estimating the cutting force coefficients, the easiest and
probably best way is to use the average cutting forces. The the-

Fig. 4. Experimental configu-
ration of cutting tests

Table 2. Experimentally calibrated cutting force coefficients (by slot milling)

ft(mm/tooth) 0.0197 0.0296 0.0395 0.0494 0.0592 0.0691 0.0790 0.0889
u0(G J/m3) 2.4067 2.4433 2.3851 2.4532 2.3891 2.5146 2.4429 2.5184
c1 0.5114 0.4832 0.4776 0.3889 0.3457 0.4052 0.3992 0.4171
c2 0.2617 0.2871 0.3191 0.3529 0.3525 0.3596 0.3570 0.3599
Calculated c2 0.2038 0.2413 0.2448 0.3667 0.4241 0.3540 0.3530 0.3292

Fig. 5. Experimentally cal-
ibrated cutting force coefi-
cients (by slot milling)

oretical average cutting force components can be asserted from
Eqs. 22 to 29 as




F̄x = u0

m∑
i=1

f̄ix1 +u0c1

m∑
i=1

f̄ix2

F̄y = u0

m∑
i=1

f̄iy1 +u0c1

m∑
i=1

f̄iy2

F̄z = u0c2

m∑
i=1

f̄iz

(30)
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where

1. For down milling:

fix1 =
ϕe∫

ϕs

−cs sin0.8 ϕidϕi

Fig. 6. Measured and predicted cutting forces in
slot milling

fix2 =
ϕe∫

ϕs

−cs sin−0.2 ϕicosϕidϕi

fiy1 =
ϕe∫

ϕs

cs sin−0.2 ϕicosϕidϕi
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fiy2 =
ϕe∫

ϕs

−cs sin0.8 ϕidϕi

fiz =
ϕe∫

ϕs

−cs sin−0.2 ϕidϕi

cs =
(

1− αe −αe0

100

)(
t0
ft

)0.2 (
ft sin(ϕi)+ δti(ϕ

′
i)

)
R cot β

(31)

2. For up milling:

fix1 =
ϕe∫

ϕs

cs sin0.8(−ϕi )dϕi

fix2 =
ϕe∫

ϕs

−cs sin−0.2(−ϕi )cosϕidϕi

fiy1 =
ϕe∫

ϕs

cs sin−0.2(−ϕi )cosϕidϕi

Fig. 7. Measured cutting forces in slot milling

Table 3. Cutting conditions and parameters (peripheral milling)

Cutter: solid carbide end-mill, R = 10 mm, αr = 5◦
Work material: carbon steel EN8
Cutting condition: with fluid

Test
no.

Tooth
no.

Helix angle δe (mm)∗ Spindle rotation
speed (rpm)

SF (Hz) TPF (Hz) Feed rate
(mm/tooth)

Axial depth
of cut (mm)

Radial depth
of cut (mm)

1 m = 2 30◦ 0.002 n = 1592 26.5333 53.0667 ft = 0.05 ba = 5.105 d = 10.8
2 m = 3 30◦ 0.003 n = 1114 18.5667 55.7 ft = 0.06 ba = 15.03 d = 2.021
3 m = 3 30◦ 0.005 n = 1751 29.1833 87.55 ft = 0.05 ba = 5.107 d = 10.83
4 m = 8 45◦ 0.003 n = 1592 26.5333 212.2667 ft = 0.05 ba = 15.05 d = 2.022

SF: Spindle frequency, TPF: Tooth passing frequency
∗The cutter run-out was measured using a non-contact displacement transducer

fiy2 =
ϕe∫

ϕs

cs sin0.8(−ϕi )dϕi

fiz =
ϕe∫

ϕs

−cs sin−0.2(−ϕi)dϕi

cs =
(

1− αe −αe0

100

)(
t0
ft

)0.2(
ft sin(−ϕi)+ δti(ϕ

′
i)

)
R cot β

(32)

Averaging the cutting forces from the measured dynamic forces
and substituting them into Eq. 30 can yield the cutting force co-
efficients u0, c1 and c2. Table 2 and Fig. 5 show the calibrated
cutting force coefficients, in which u0 varies between 2.3851×
109 and 2.5184×109J/m3, c1 between 0.3457 and 0.5114, and c2

between 0.2617 and 0.3599.
It is worth mentioning that using Eq. 6 with the calibrated c1

gives the calculated c2, as illustrated in Fig. 5c. There is a small
difference between the experimental calibration and the esti-
mated evaluation for the axial force ratio c2.

Figure 6 shows the measured and predicted dynamic cutting
force components in the directions X, Y and Z, in which the pre-
dicted ones are generated based on the proposed cutting force
model with the calibrated force coefficients.

The results shown in Fig. 6 reveal that there is a good
agreement between the measured and predicted cutting forces
when the feed rate changes from ft = 0.0395mm/tooth to ft =
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0.0592mm/tooth. When the feed rate ft < 0.0395mm/tooth, the
measured cutting force components Fx and Fy are greater than
the predicted ones. That means the calibrated u0 is smaller than
its actual value. When the feed rate ft > 0.0592mm/tooth, the
measured cutting force components Fx and Fy are smaller than
the predicted ones. That means the calibrated u0 is greater than
its actual value. Putting the measured cutting forces together,
as shown in Fig. 7, reveals that our experimental result differs
from the experimental results published [8]. This result indi-
cates the size effect of undeformed chip thickness and the in-
fluence of the effective rake angle may be more significant than
the estimated value from Eq. 19. Meanwhile it also reveals that
the proposed model is valid only when feed rate changes from
ft = 0.0395mm/tooth to ft = 0.0592mm/tooth.

Fig. 8. Measured and pre-
dicted cutting forces for pe-
ripheral milling (Test No. 1)

4 Experimental verification

A series of peripheral milling tests on the carbon steel were un-
dertaken with different helical end mills and different cutting
parameters. Table 3 lists the cutting conditions and parameters
of these tests, and Figs. 8–11 compare the measured and pre-
dicted dynamic cutting forces, in which the predicted values
are obtained from the cutting force model using the evalu-
ated cutting force coefficients by averaging the cutting forces
from the measured dynamic ones and substituting them into
Eq. 30.

Figure 8 shows the measured and predicted cutting forces, and
the measured power spectra of the first test. The influence of the
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Fig. 9. Measured and pre-
dicted cutting forces for pe-
ripheral milling (Test No. 2)

cutter run-out on the cutting forces is obvious, and there is a meas-
ure of vibrations in the X and Z directions at the frequencies 2TPF
and 3TPF, and this is the main reason for the inconsistency be-
tween the measured and predicted cutting forces. The evaluated
main cutting force coefficient u0 = 1.8064× 109 J/m3, which is
obviously smaller than the calibrated u0 (2.4532×109 J/m3), this
is because the spindle speed increases from 1114rpm to 1592rpm.
The result confirms that the measured and predicted cutting forces
in the X and Y directions have a reasonable agreement when the
vibrations at the frequencies of times TPF are faint.

It is worth mentioning that the predicted cutting forces de-
pend on the initial location angle of the cutter centre ϕe0.

Figure 9 records the measured and predicted cutting forces,
and the measured power spectra of the second test. The result

reveals that the cutter run-out also has obvious influence on the
cutting forces, there is a measure of vibrations at the frequency
3TPF in the X direction and at 2TPF in the Z direction, and
the actual cutter run-out value seems greater than the measured
value because of the inconsistency between the measured and
predicted cutting forces.

Figure 10 illustrates the measured and predicted cutting
forces, and the measured power spectra of the third test. The
power spectra of the measured cutting forces reveal that the in-
fluence of the cutter run-out on the cutting forces is dominant,
even though its value (δe = 0.005mm) is far smaller than the
feed rate ( ft = 0.05mm/tooth). There is also a considerable vi-
bration in the cutting process, especially in the Z direction, and
this is the main reason for the inconsistency between the meas-
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Fig. 10. Measured and pre-
dicted cutting forces for pe-
ripheral milling (Test No. 3)

ured and predicted cutting forces. The cutting force coefficient
u0 = 1.7543×109, evaluated from the measured cutting forces,
is smaller than the calibrated value, this is because the spin-
dle speed increases from 1114 rpm to 1751 rpm. The result also
indicates that the measured and predicted cutting forces are in
reasonable agreement.

Figure 11 presents the measured and predicted cutting forces,
and the measured power spectra of the fourth test. The result
indicates that the influence of the cutter run-out on the cutting
forces is dominant: the peak values of the FFT of the meas-
ured cutting forces at the SF are far greater than that at the TPF.
The main reason of this influence is the increased tooth number
(m = 8) of the cutter. From the measured cutting forces and their
power spectra, we can not discern any serious vibration in the

cutting process. However, as a matter of fact, chatter occurs in
the cutting process at a frequency of 776.5Hz, which is recorded
by accelerometers. This is the main reason for the inconsistency
of the amplitudes between the measured and predicted cutting
forces at the TPF.

In a general case, the main cutting force component at the
TPF excites a dominant vibration (forced vibration) of the cut-
ting system, which in turn influences the dynamic cutting forces.
When the displacement amplitude of the vibration is well con-
trolled, its influence on the dynamic cutting forces will be undis-
tinguished. This is proven by the results shown in Fig. 8. When
the vibration is severe, there is a distinguished inconsistency be-
tween the predicted and measured dynamic cutting forces, as
shown in Figs. 9, 10 and 11.
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Fig. 11. Measured and pre-
dicted cutting forces for pe-
ripheral milling (Test No. 4)

5 Discussion and conclusions

The cutting test results indicate that a measure of cutter run-out is
always unavoidable. Based on this fact and a theoretical analyti-
cal model [1], this paper proposes to improve the dynamic cutting
force model in peripheral milling, which takes into account the in-
fluence of the cutter run-out on the undeformed chip thickness.

The results of experimental calibration of the cutting force
coefficients show that the theoretical evaluation for the axial
force ratio c2 based on Eq. 6 [13] is not precise enough and must
be calibrated by experiment. Using the improved model with the
calibrated cutting force coefficients, the predicted and measured
cutting forces in slotting with a single fluted end mill are in rea-
sonable agreement.

The results of cutting tests for the verification of the model
reveal that the vibrations between the cutter and workpiece are
unavoidable. In spite of the force component at the tooth pass-
ing frequency, other components, i.e., at the times TPF, the
spindle frequency (corresponding to the cutter run-out) and its
times frequencies, might excite vibrations between the cutter and
workpiece. Only when the vibration is faint, using the improved
model with the calibrated cutting force coefficients, the predicted
and measured cutting forces in peripheral milling have a good
agreement. When a distinguished vibration or chatter is excited
during the cutting process, there will be a significant difference
between the predicted and measured cutting forces. A more pre-
cise dynamic cutting force model must include the vibrations
between the cutter and workpiece and be integrated into a ma-
chining dynamics model.
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The experimental results reveal that the cutting force coef-
ficient u0 decreases when the cutting speed increases. A com-
prehensive machining dynamics model must take account of the
influence of the cutting parameters on the cutting forces.
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