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Abstract: Chuck holders are widely used for jobs with high precision. A chuck holder consists of a
nut with a tapered surface and a thin-slotted clamping sleeve typically made of hardened steel and
named a collet. Chuck holders are, essentially, wedge mechanisms. In this paper, we investigated the
reactions and strains due to the forces during the chip removal process in the contact elements or
jaws of the collet by means of mathematical analysis. Deflections in the jaws of the collet arise with a
high influence from the precision of the workpieces. The cutting or process forces cause an axial force,
a radial force, a torsional moment, and a bending moment on the chuck collet, and, consequently,
displacements and inclinations of the clamping system are caused. Therefore, the proposed analytical
models are based on elasticity and contact theories. The mathematical model for determining the
deflections of the clamping system force was developed and implemented using MATLAB. The
results showed that the variation in the clamping force during rotation in a collet chuck holder
mainly depends on the stiffness of the collet chuck holder and the stiffness of the workpiece. The
results indicated that the collet should be vulcanized to minimize the deformations that affect the
final product. The deflections of a collet chuck holder due to process forces depend strongly on the
clearances, wedge angle, and stiffness of the collet.

Keywords: machine-tool fixture; chuck holder; collet; mathematical analysis

1. Introduction

Collet chuck holders make it possible to clamp workpieces and tools uniformly. Gen-
erally, collet chuck holders attached to a machine tool are used to perform operations
with close tolerances. As the spindle rotational speed of machine tools has been steadily
increased due to the application of high-speed cutting technology, collet chuck holders
must achieve high rotational speeds while maintaining good rotational accuracy. The
majority of collet chuck holders use solid, thin-slotted clamping sleeves (collets) made
of hardened steel and ground to a high degree of accuracy on their internal tapered and
external cylindrical surfaces [1]. The clearance errors in the transmission systems of collet
chuck holders due to the effectiveness of roughness and functional tolerances have been
widely studied [2,3].

In the models proposed in the literature for jaw chucks [1,4–7] and collet chucks [3,8]
based on rigid solid mechanics, the loss in clamping force is equal to the total centrifugal
force at each one of the contact elements. However, the elastic strains in the contact
elements make it possible that not all centrifugal force will reduce the clamping force,
and even that part of centrifugal force may deform the clamping system [9–12]. Recently,
authors have proposed analytical solutions and mathematical models to study the behavior
of components and engineering elements [13–17].

In 1990, Fadyushin et al. [18], calculated the angular deflection caused by the torsional
moment generated by the cutting forces in a Weldon system. In 1998, Rotberg et al. [19]
carried out stiffness measurements in several Weldon systems. By using carbide rods of
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12.7 mm diameter and 90 mm cantilever, they concluded that the stiffness of a Weldon
system with two clamping bolts was approximately 15% lower than the stiffness of a
fixed-fit tie-down system, whereas a Weldon with one clamping bolt had approximately
60% lower stiffness.

In 1999, Elderfeld and Hall [20] proposed a modified Weldon design for tool diameters
between 6 and 12 mm based on the wedge effect, which achieved a higher clamping
force than with traditional Weldon systems and, consequently, a more uniform pressure
distribution. Fitz-Rite [21], in 2000, introduced a Weldon system, called “stub-length”, for
end mills, in which the handle of the tool enters inside the conical part of the tool holder
and is clamped by two screws, thus, reducing the overhang of the tool and increasing
its rigidity.

Fadyushin et al. [18], and later Rotberg et al. [19], determined that the static stiffness
of collet chuck holders was quite high, only 5% lower than monolithic fits; however, small
changes in design and manufacture can translate into significant changes in stiffness. When
it is necessary to achieve a high clamping force with collet chuck holders, the operating
nut will cause a misalignment that will negatively affect the concentricity and distribution
of clamping forces (see Figure 1). This effect is solved by collect chuck holders actuated
pneumatically or hydraulically, which can be actuated by pulling or pushing [8,22] as
shown in Figure 2.
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The imbalance, due to the noncoincidence of the rotation axes of the workpiece and
the collet contact elements with the main axis of inertia, strongly depends on the rotational
speed and the eccentricity in the workpiece, which varies with the centering capacity of
the collet chuck holder and with the displacement and inclination of the workpiece due to
the action of the cutting force.

However, this approach has not been previously studied in the literature. This paper
proposes a suitable, novel, mathematical model to determine the deformations of collet
chuck holders and the contact elements of clamping collets due to the cutting forces during
the chip removal process. In addition, the mathematical model is implemented in MATLAB.

The structure of the paper is as follows: first, we determine the loads on the collect
contacts elements. Then, we determine the strains due to the radial forces and bending
moments in Sections 3 and 4, respectively. In Section 5, we summarize the results of the
mathematical model. Finally, our conclusions are presented.

2. Determination of the Loads on the Collet Contact Elements

Cutting or process forces cause axial forces, radial forces, torsional moments, and
bending moments on the collet chuck holders, and as a consequence, displacements and
inclinations of the clamping systems are produced [12,23,24].

To represent the reactions at the collet contact elements, a global coordinate system
(X, Y, Z) is defined, located in the spindle nose of the machine-tool and inclined by an
angle, given by the inclination of the machine-tool bed. To represent the resultants of the
combined loads acting on the workpiece, two coordinate systems are defined, (Rx, Ry, Rz)
for the resultants in the radial direction, and (Rx1, Ry1, Rz1) for the moment components. For
greater ease, the first coordinate system must be chosen taking advantage of the symmetries,
while the second will be rotated 90◦ with respect to the first, as shown in Figure 3. We
assumed that the axial loads are supported by the top of the collet chuck holder.
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In Figure 3, FR is the resultant of the radial forces acting on the collet chuck holder,
with FRx and FRy being its components according to the coordinate system, Rx, Ry, Rz as
previously defined, where λ represents the angle between the chosen axes, and ρR is the
angle that the resultant of the radial forces forms with the axis Ry. The components of the
resultant of forces in the radial direction are expressed in Equation (1).(

FRx
FRy

)
=

(
FR(cos ρR + cos λ sin ρR)

FR sin λ sin ρR

)
(1)

After rotating the coordinate system, (Rx, Ry, Rz) 90◦ counterclockwise (Figure 3), the
components of the resultant of the bending moments, Mx1 and My1, caused by the radial
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force, FR, are represented in Equation (2), where ρM is the angle that the resultant of the
bending moments forms with the axis Ry1.(

Mx1
Mx2

)
=

(
M(cos ρM + cos λ sin ρM)

M sin λ sin ρM

)
(2)

To represent the reactions and strains, due to the forces during the chip removal
process, in the contact elements or jaws of the collet, the local coordinate systems repre-
sented in Figure 4 are defined, where nc is the number of contacts or jaws of the collet. The
stiffnesses of each of the contact elements of the collet in the direction of the local coordinate
systems are kx, ky, and kz, which are obtained from the combination of the rigidity of the
collet chuck holder kr1, kt1, and ka1 and from the radial stiffness of the workpiece kpi2,
in Equations (3)–(5), where the workpiece has been assumed to be infinitely rigid in the
tangential, kt1, and axial, ka1, directions.

kx = kt1 (3)

ky =

(
1

kr1
+

1
kpi2

)−1

(4)

kz = ka1 (5)
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In Figure 5b, the forces and moments acting on the workpiece are represented as well
as in Figure 5a, the reaction forces and moments that appear on each contact surface at the
contact elements or collet jaws, Fxi, Fyi, and Fzi. The values of the reactions with respect to
the machine coordinate system, (X, Y, Z), where ρ represents the bed machine inclination,
as shown in Figure 5a, are calculated by means of Equations (6)–(8).

Fa = −Fv − Fvax (6)

Mt = Fc
DA
2

+ Mdax (7)

FR =
√

F2
Rx + F2

Ry
+ Fu. (8)
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In Equations (6)–(8), Fa is the reaction in the machine due to the axial forces Fv and
Fvax, which represent the feed forces of turning and drilling, respectively. Mt is the reaction
in the spindle nose of the machine due to torsional moments caused by the main cutting
force Fc and the drilling torque Mdax. FR is the reaction in the machine due to the radial
forces considered, as shown in Figure 5, which are calculated using Equations (9) and (10),
and the angle of rotation ωF, due to the rotation speed ω of the collet chuck holder, which
is obtained by Equation (11), where ϕF0 is given by equation In Equations (9) and (10), Fg is
the weight of the workpiece, χH is the position angle of the cutting tool and is given by the
machine bed, Fc and Fp are the main and passive cutting forces, respectively, and ω is the
rotation angle of the collet jaw.

FRx = Fg cos(ρ − χH)± Fc (9)

FRy = Fp + Fg sin(ρ − χH) (10)

ϕF = ϕF0 − ϕ (−π ≤ ϕ ≤ π) (11)

ϕF0 = arctan
(

FRx
FRy

)
(12)

The reaction in the machine due to the bending moment M (Figure 5a), is calculated
analytically using Equation (13), where the components Mx and My are obtained from
Equations (14) and (15), respectively. The angle of rotation ωM, due to the rotation speed of
the collet chuck holder is obtained by Equation (16), where the value of the initial angle
ρM0 is calculated by means of Equation (17).

M =
√

M2
x + M2

y + FuLg (13)

Mx = FgLg cos(ρ − χH)± FcLz (14)

My = FpLz + FgLg sin(ρ − χH) (15)

ϕM = ϕM0 − ϕ (−π ≤ ϕ ≤ π) (16)

ϕM0 = arctan
(

Mx

My

)
(17)

Before calculating the reactions at the collet jaws, the strains produced by the resultant
of the radial forces, FR and the bending moments, M, in the directions represented in
Figure 5a, must be calculated. The strains and, therefore, the reactions due to the resultant
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of the torsional moments are neglected, and the effect of the torsional moments produces
workpiece unclamping. This has been widely studied [1,12]. Therefore, the torsional
moment effects are very small with respect to those caused by the radial resultant and by
the bending moments. The reactions in the axial direction are also not considered, since the
resultant, Fa, is assumed by the top of the collet chuck holder.

3. Strains by Radial Forces

The resultant radial component FRy causes a displacement δR in the direction of the
axis Ry (Figure 6), which in turn causes reaction forces at the collet jaws (Figure 5a).
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The balance of the forces condition is expressed by Equation (18), when it comes to
collets with odd numbers of contacts or collet jaws, and expressed by Equation (19), when
it comes to collets with even numbers of contacts or collet jaws. In the previous equations,
nc is the number of collet jaws; kx and ky are the stiffness of each collet jaw, as shown in
Figure 4; ϑ is the angle formed by the contact element or collet jaw with the axis Ry (see
Figure 6).

FRy = δRky + (nc − 1)δRky cos2 ϑ + (nc − 1)δRkR sin2 ϑ (18)

FRy = 2δRky + (nc − 2)δRky cos2 ϑ + (nc − 2)δRkR sin2 ϑ. (19)

Therefore, the radial strain, δR, for odd numbers of collet jaws is given by Equation (20)
and, for even number of contacts, it is given by Equation (21).

δR =
FRy

1 + (nc − 1)(cos2 ϑ + C sin2 ϑ)
= FRyk−1

i (20)

δR =
FRy

2 + (nc − 2)(cos2 ϑ + C sin2 ϑ)
= FRyk−1

p (21)

In Equations (20) and (21), C = kx/ky, ki, and kp are the result of grouping the denomina-
tors, respectively. Therefore, the reactions in the contact elements or collet jaws, represented
in Figure 5, are obtained by Equation (22), for the case of collets with an even number of
jaws, and by Equation (23), for collets with an odd number of jaws.
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Fxi,FRx Fyi,FRx Fzi,FRx
...

...
...

Fxnc,FRx Fync,FRx Fznc,FRx


= FRx



k−1
p k−1

p 0
k−1

p2 k−1
p2 0

...
...

...
k−1

pi 0 0
...

...
...

k−1
p(i+1) k−1

p(i+1) 0
...

...
...

k−1
pnc k−1

pnc 0


(24)



Fx1,FRx Fy1,FRx Fz1,FRx

Fx2,FRx Fy2,FRx Fz2,FRx
...

...
...

Fxi,FRx Fyi,FRx Fzi,FRx
...

...
...

Fxnc,FRx Fync,FRx Fznc,FRx


= FRx



k−1
i k−1

i 0
k−1

i2 k−1
i2 0

...
...

...
k−1

ii 0 0
k−1

i(i+1) k−1
i(i+1) 0

...
...

...
k−1

i(i+ nc
2 )

0 0

k−1
i( nc

2 +1) k−1
i( nc

2 +1) 0
...

...
...

k−1
inc k−1

inc 0



(25)

4. Strains by Bending Moments

The components My1 and Mx1 of the resulting bending moment M, according to the
Ry1 and Rx1 coordinate system, cause inclinations in the workpiece. These inclinations, in
turn, produce a static friction force Fk on the contact elements or collet jaws (see Figure 7).
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The relative displacement δF, between the different contact elements or claws of the
clamp (Figure 7), is calculated using Equation (26), where kz is the stiffness of the contact
elements or collet jaws in Z direction (see Figure 4).

δF =
Fk
kz

+
Fk
2
kz

=
3Fk
2kz

= diDFΩ. (26)

The friction force Fk, is calculated with Equation (27).

Fk =
3DFΩkz

2
(27)

The inclination of the workpiece produces a spacing in the axial direction ∆l1i (Figure 7)
between the collet jaws. This spacing comes from the variation in the length of each col-
let jaw ∆l. The angle of inclination in each of the collet jaws, Ωi, will be equal to the
angle of inclination due to the workpiece, Ω, affected by the stiffness of the collet chuck
holder, kr,T, due to the clamping force Fs, [1,8,12,22,23], in Equations (28)–(30), and In
Equations (28) and (29), collets that do not have a symmetric contact element or jaw are
above the symmetry axis of the collet. For the opposite case, Equations (30) and (31) must
be used. These equations have not considered the variation that the elongation, ∆li, causes
in the stiffness of the collet chuck, kr,T.

Ωi = Ω (28)

Ωi = − Fs∆li
kr,T

(29)

Ωi(nc−i) =
Ω
2

(30)

Ωi(nc−i) = −
Fs∆li(nc−i)

kr,T
(31)

By means of Equations (32) and (33), elongation values are obtained for collets with-
out symmetrical contact elements or jaws and with symmetric contact elements or jaws,
respectively.

∆li =
kr,TΩ

Fs
(32)

∆li(nc−i) =
3kr,TΩ

2Fs
(33)
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Therefore, the elongation, ∆l1i, between the two jaws of the collet is calculated by
Equation (34).

∆l1i = ∆l1 + ∆li(nc−i) =
3
2

kr,T

Fs
(34)

Therefore, the component along the Ry1 axis of the resulting bending moment, M
(Figure 7), is obtained by Equation (35).

My1 = Fs∆l1i + FkdiDF (35)

Therefore, substituting the angle of inclination of the workpiece Ω in Equation (35) is
obtained in Equation (36).

Ω =
2My1

3kr,T + 2kzdiD2
F

(36)

The reactions in the collet jaws due to the component My1 of the resulting bending
moment M, represented in Figure 7, are obtained by means of Equation (37), for collets
with an odd number of jaws, and by means of Equation (38), for collets with an even
number of jaws. In Equations (37) and (38), ζ, the grouping of terms from Equation (36) is
in Equation (39).

Fx1,My1 Fy1,My1 Fz1,My1

Fx2,My1 Fy2,My1 Fz2,My1
...

...
...

Fxi,My1 Fyi,My1 Fzi,My1
...

...
...

Fxnc,My1 Fync,My1 Fznc,My1


= My1



0 0 2ς−1
i1

0 0 ς−1
i2

...
...

...
0 0 −2ς−1

ii
...

...
...

0 0 −ς−1
inc


(37)



Fx1,My1 Fy1,My1 Fz1,My1

Fx2,My1 Fy2,My1 Fz2,My1
...

...
...

Fxi,My1 Fyi,My1 Fzi,My1
...

...
...

Fxnc,My1 Fync,My1 Fznc,My1


= My1



0 0 2ς−1
p1

0 0 ς−1
p2

...
...

...
0 0 −2ς−1

pi
...

...
...

0 0 −ς−1
pnc


(38)

ζ =
2

3kr,T + 2kzdiD2
F

(39)

By the same reasoning previously exposed, reactions in the contact elements or collet
jaws due to the component Mx1 are obtained with Equations (40) and (41), for the cases of
odd and even jaws, respectively.

Fx1,Mx1 Fy1,Mx1 Fz1,Mx1

Fx2,Mx1 Fy2,Mx1 Fz2,Mx1
...

...
...

Fxi,Mx1 Fyi,Mx1 Fzi,Mx1
...

...
...

Fxnc,Mx1 Fync,Mx1 Fznc,Mx1


= Mx1



0 0 −ς−1
i1

0 0 −ς−1
i2

...
...

...
0 0 2ς−1

ii
...

...
...

0 0 −ς−1
inc


(40)
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Fx1,Mx1 Fy1,Mx1 Fz1,Mx1

Fx2,Mx1 Fy2,Mx1 Fz2,Mx1
...

...
...

Fxi,Mx1 Fyi,Mx1 Fzi,Mx1
...

...
...

Fxnc,Mx1 Fync,Mx1 Fznc,Mx1


= Mx1



0 0 −ς−1
p1

0 0 −ς−1
p2

...
...

...
0 0 2ς−1

pi
...

...
...

0 0 −ς−1
pnc


(41)

5. Results

In the analytical model presented, the strains due to torsional moments were not
regarded, since their effect was considered negligible compared to the effects of the bend-
ing moments.

The cutting forces were taken, for an orthogonal cutting process, from Criado et al. [25]
and, for an oblique cutting, from Moufki et al. and Sutter et al. [26,27]. The used values are
shown in Table 1. The collet diameter, DF, is 0.03 m, the chuck holder and collet stiffness,
kr,T and kz, respectively, are taken from Namazi et al. [23] as 0.15 and 0.065 N/m. The radial
reactions and moments are summarized in Table 2.

Table 1. The process forces and collet parameters.

Process
Fa(N)

Feed Force
Fc = Fu(N)

Cutting
Force

Fp(N)
Thrust Force

Fg
(N)

Weight

Mdax (Nm)
Drilling
Torque

χH
Machine

Bed
Angle

nc
Collet
Jaws

ρ = ϑ
Collet Jaws

Angle

C = kx/ky
Stiffness
Relation

Lg(m)
Gravity
Center

Lz(m)
Application

Point
Min Max Min Max Min Max Min Max

Orthogonal
90 440 125 205 0 0 50 0 0 0 5 72 1 0.02 0.025
90 440 125 205 0 0 50 0 0 0 6 60 1 0.02 0.025
90 440 125 205 0 0 50 0 0 0 25 14.40 0.8 0.02 0.025
90 440 125 205 0 0 50 0 0 0 30 12 1.2 0.02 0.025

Oblique
503 1042 758 1800 17 56 50 0 0 0 5 72 1 0.02 0.025
503 1042 758 1800 17 56 50 0 0 0 6 60 1 0.02 0.025
503 1042 758 1800 17 56 50 0 0 0 25 14.40 0.8 0.02 0.025
503 1042 758 1800 17 56 50 0 0 0 30 12 1.2 0.02 0.025

Table 2. The reactions and moments.

Process
FRx (N) FRy (N) Mx1 (Nm) My1 (Nm)

Min Max Min Max Min Max Min Max

Orthogonal

140.45 220.45 47.55 47.55 3.43 5.43 0.95 0.95
150 230 43.30 43.30 3.63 5.63 0.87 0.87

173.43 253.65 12.43 11.53 4.09 6.10 0.25 0.23
173.91 253.91 10.40 10.40 4.10 6.10 0.21 0.21

Oblique

773.45 1815.45 64.55 103.55 19.26 45.31 1.38 2.35
783 1825 60.30 99.30 19.45 45.5 1.29 2.27

806.65 1848.4 25.53 68.43 19.92 45.97 0.66 1.65
806.91 1848.9 27.40 66.40 19.93 45.98 0.63 1.61

5.1. Strains Due to Radial Forces

The strains due to the radial forces in each contact element or collet jaw were analyti-
cally determined by means of Equations (20) and the reaction forces in the radial direction
were analytically calculated using Equations (18) and The contact stiffness between the
collet jaws and workpiece, in the radial and axial directions, was determined using the
finite element model widely described by Soriano et al. [12] and Namazi et al. [23]. The
rest of the parameters were obtained from the geometry of the tested clamping collet.

The radial process forces are the cutting force (FC) and the weight (Fg) as is shown in
Figure 5b. The values of these forces are introduced in Equations (18) and (19) to obtain the
reactions in the case of odd and even numbers of jaws, respectively. As it was mentioned
above, the axial forces (Fa) are supported by the collet chuck holder. The previous model
was implemented in MATLAB, as shown in Figures 8–15.
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Figure 8. Strains, forces, and moments; Fa = 90 N, Fc = 125 N, Fp = 0 N, nc = 5, and C = 1. Figure 8. Strains, forces, and moments; Fa = 90 N, Fc = 125 N, Fp = 0 N, nc = 5, and C = 1.
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Figure 9. Strains, forces, and moments; Fa = 90 N, Fc = 125 N, Fp = 0 N, nc = 6, and C = 1. Figure 9. Strains, forces, and moments; Fa = 90 N, Fc = 125 N, Fp = 0 N, nc = 6, and C = 1.
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Figure 10. Strains, forces, and moments; Fa = 90 N, Fc = 125 N, Fp = 0 N, nc = 25, and C = 0.8. Figure 10. Strains, forces, and moments; Fa = 90 N, Fc = 125 N, Fp = 0 N, nc = 25, and C = 0.8.
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Figure 11. Strains, forces, and moments; Fa = 90 N, Fc = 125 N, Fp = 0 N, nc = 30, and C = 1.2. Figure 11. Strains, forces, and moments; Fa = 90 N, Fc = 125 N, Fp = 0 N, nc = 30, and C = 1.2.
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Figure 12. Strains, forces, and moments; Fa = 1042 N, Fc = 1800 N, Fp = 56 N, nc = 5, and C = 1. Figure 12. Strains, forces, and moments; Fa = 1042 N, Fc = 1800 N, Fp = 56 N, nc = 5, and C = 1.
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Figure 13. Strains, forces, and moments; Fa = 1042 N, Fc = 1800 N, Fp = 56 N, nc = 6, and C = 1. Figure 13. Strains, forces, and moments; Fa = 1042 N, Fc = 1800 N, Fp = 56 N, nc = 6, and C = 1.
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Figure 14. Strains, forces, and moments; Fa = 1042 N, Fc = 1800 N, Fp = 56 N, nc = 27, and C = 0.8. Figure 14. Strains, forces, and moments; Fa = 1042 N, Fc = 1800 N, Fp = 56 N, nc = 27, and C = 0.8.
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Figure 15. Strains, forces, and moments; Fa = 1042 N, Fc = 1800 N, Fp = 56 N, nc = 30, and C = 1.2. 
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Figure 15. Strains, forces, and moments; Fa = 1042 N, Fc = 1800 N, Fp = 56 N, nc = 30, and C = 1.2.
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5.2. Strains due to Bending Moments

The relative strains in the contact elements or collet jaws of the collet chuck due to the
bending moments caused by the process forces were analytically determined by means of
Equation (26), and the parameters that intervene in the mentioned equation were calculated
by means of the Equations (28)–(36).The total stiffness of the system, krT, was determined
as in the case of the influence of the centrifugal force [9,12,23,24], while the axial stiffness,
kz, was determined using the finite element model widely described [3,8,12,22,23]. This
model was also implemented in MATLAB, as shown in Figures 8–15.

5.3. Total Strains

Figures 8–15 show the deformation due to the bending moments and radial forces of
the collet caused by the forces during the chip removal process. The deviation of the center
of the collet depends on chuck holder stiffness: the higher the stiffness of the collet chuck
holder the lower the deviation due to the high load and high turning speed. This center
variation has a decisive influence on the centering capacity of the system and, consequently,
on the concentricity in the final product.

On the other hand, a strong deformation was observed at the upper and lateral sides
of the collet, which will cause a decrease in the clamping force at the upper side and an
increase in the clamping force at the lateral side. This will greatly affect the cylindricity in
the final product.

6. Conclusions

In this work, an analytical model was presented to determine the process forces effect
on collet chuck holders, in which the process forces depend strongly on the clearances,
wedge angle, and collet stiffness.

The different effects on the variation of the clamping force due to the process forces
that act on the drive system and collet jaws were modeled with different stiffness factors.

The results showed that the variation in the clamping force during rotation in a collet
chuck holder depended on:

• The stiffness of the collet chuck holder, and thus the equipment that presents a lower
structural rigidity will reduce the variations in the clamping force due to the centrifugal
forces caused by a high rotational speed.

• The stiffness of the workpiece is always satisfied when the workpiece is more rigid than
the contact elements or collet jaws, which is fulfilled in the case of metal workpieces.
In less common cases, in which the workpiece is less rigid than the contact elements
or collet jaws, the rotational speed has no influence.

• It is important that the collet stiffness is uniform to minimize the deformations that
affect the final product. For this reason, it is very common to use vulcanized collets.

The results of this work could be implemented in future collet chuck holders that
compensate for the jaw deformations to manufacture a better quality product.
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