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Fig.1 (a) and Fig.I (b) shows the surface and particle friction cosfficients versus applied loads for the different particle size
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2
-body microcontact model
The total contact areas 4, and )
total contact load F, of three @
bodies is obtained from Eqgs. Micro Hard Disk
(16) and (17).
mHH, 7 5 -
T ] [enone + o o]
R !x"ﬂrkﬂ'x} Ay
7y
where /,,, is the real total contact load of two-body microcontact models. A, and
F,1.> can be given from the past stochastic model including GW, PW, CEB, H and ZMC
models,
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Fig4 (a) and Fig.4 (b) are the different particle size and relative velocity with average contact temperature for the
surface roughness Rq=100 nm, particle density ,=10” mumber/m?.
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ABSTRACT

High speed transmission table is wildly used in industry and its demand is increased. Preloaded ball-screw device is a

major component in a transmission system. In order to bear applied load, preload and inertia force, four-cycles

ball-screw is necessary. The kinematic behavior and friction of ball and raceway are more complex than

double-cycles ball-screw. A new calculating concept is used to simplified complex calculation. Contact and friction

were found out at each cycle and they are varied with operating conditions, such as applied axial load and rotational

speed. The study is helpful in realizing contact and friction behavior in a preloaded four-cycles ball-screw.

1 INTRODUCTION

The increasing demands in precision engineering
applications for positioning systems have instigated
the investigation into ball screws. The reciprocating
ball screw mechanism is a force and motion transfer
device. The high transmission speed ball screw is a
major component in rapid processing devices, and
must be designed with a high degree of positioning
accuracy and stiffness by applying a higher preload.

Lin et al. [1,2] presented a theoretical study on
the kinematics of the ball screw mechanism where a
function was developed to understand the motion of
the balls and their contact patterns with the contact
elements. However, the friction coefficients, normal
forces and contact angles created at the ball-screw and
ball-nut contact areas were assumed to be equal. Also,
the drag force produced by a ball moving in an oil
lubricant was not considered in the force balance.

Kinematic analysis of the ball screw mechanism
that considered variable contact angles and elastic
deformations was studied by Wei and Lin [3]. Their
theoretical analysis was developed for a ball screw
with a single nut and a single cycle of balls. Therefore,
no preload effect on the mechanical efficiency was
discussed in the study. An analytical method
developed by Takafumi, et al. [4] was used to
determine the motion of the ball and the ball load
distribution, including the effect of the motion for a
given ball screw geometry and its operating conditions.

Wei et al. [5] presented an analytical model for a
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preloaded ball screw system with lubrication, and the
numerical results confirmed the mechanical efficiency
of their experimental data. Contact and friction
analyses of double-cycle ball-screw mechanism are
already well established[5]. Four-cycles ball-screw
mechanism 1s more complex than double-cycles and
wieldy used in industry. The study presents a well
analyzing process and finds out contact and friction
behavior at ball and raceway contact areas of a four
cycles preloaded ball-screw.

2 Theoretical Model

Four-cycles ball-screw mechanism is shown in Fig.1.
Non-external load is applied in the ball-screw, as
shown in Fig.1(a), right hand side contact behavior 1s
opposite to the left hand side due to the preload which
15 exerted between the left and right hand sides. When
an enough load, Fa, which 1s greater than the preload,
is applied on the nut, contact geometry is changed as
shown in Fig.1(b). The difficult of the analysis is how
to arrange load bearing on each contact side. Each
contact side has one pair balls, and these two contact
side can also be considered as two balls. Fist, assume
load is average bearing on two balls of each contact
side, respectively. Then calculating contact geometry
and kinematic behavior of each contact side, as shown
in Fig2. The analyzing model is based on the
double
calculating. Detail analyzing equations are referred to
the paper published at 2009 [5]. Lubricating condition

1s considered as EHL o1l lubrication.

single-nut cycle  ball-screw numerical



Figure 1 Sketch of four-cycles ball-screw, (a) without
external load, (b) with external load.
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Figure 2 Flowchart of calculating process.
3 Results and Discussion
Contact loads at contact area between ball and
raceway are varied with axial load, as shown in Fig.3.
Contact force of right contact side is greater than the
left side, and they have the same tendency varying
with the increase of applied load at the same contact
side. The variance of contact load affecting by the
preload and axial load is similar to the double-cycles
ball-screw[ 5].
Rotational Speed 3000 pm
Centrdl Preload 120 kgf
—=—Q0L1
—e—OIL1
—a—0O0L2
—r—0lLZ

< QOR1
—+—OIR1

100

Contact Force (N)
&

Load ik

Figure 3 Contact forces VS axial load.
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Friction forces are slightly increasing with the increase
of contact forces as shown in Fig.d. The difference of
friction force at outer and inner contact area of each
cycle is few. But friction force is increased with
rotational speeds proportionally, as shown in Fig 5.
Average friction forces of right contact side are larger
than the left side. Owing to the contact geometry is
different at these two contact side, friction forces are
not increased with the increase of contact forces. They
are affected by contact angles and sliding speeds of

contact areas.

100 Rotational Speed 3000 rpm
Central Preload 120 kgf
L% s FOLI 4 FOR1
—s— AL ——FR1
0% 4 FOLZ ¢+ FOR2
= —v—FL2 —e— FIR2
Z T e
2 .itw L1
§ 0.80-|
L=
=3
B 05
£ |
) s :tﬁf_f_r: L2
0.65 4
0.6 T T 1
120 210 360 430
Load {kgf)
Figure 4 Friction forces V8 axial load.
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Applied Load is 400 kgf
18- Preloadis 120 kg
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1.4

Friction Forca {N)
£

0.3
0.6
04
0.2
1l]|ll IIIII le‘]ll f[l‘[[l ﬂ]‘ll] Iilfllll
Rotational Speed (rpm)

Figure 5 Friction forces VS rotational speed.
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Multi-objective optimization of finishing Boring Ti6Al4V with Taguchi-Grey Method
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The aim of this work is to develop a study of Taguchi-grey optimization method for the
best roundness value, the best surface roughness value, the largest material removal rate and the
least power consumption in terms of cutting parameters when the finishing boring of Titanium
alloy Ti6Al4V. The machining parameters evaluated are feed rate, redial depth of cut, cutting
speed, concentration of lubricant and temperature of lubricant each series of cutting experiments
are performed. The experiments are planned using Taguchi’s L27 orthogonal array. A grey
relational grade obtained from grey relational analysis is used to determine the optimal process
parameters. The significance of the process parameters on overall quality characteristics of the
finishing boring process has been evaluated quantitatively by the analysis of variance method.
Optimal results have been verified through confirmation experiments, which indicate that the
multi-performance characteristics of the finishing boring Ti6Al4V can be improved effectively
through this approach.
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