Diameter adaptive guides for wire based linked micro parts
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Abstract

Micro parts are handled in linked parts for simplified processing in multi-stage production. A classification is made on
base of the flux of force. The latter type linked parts reduce force load on the parts by using a frame structure. In the
line type linked parts in contrast the parts are directly linked. The special variant of the line type linked parts considered
in this work consists of spherical parts, which are linked by the wire they are made of. Hence, the diameter of the
linked parts varies along its length. Nevertheless, the linked parts must be accurately guided. The guides must adapt
both to the part diameter and to the interconnecting wire diameter. Two alternative variants of adaptive guides are
presented and investigated. Focus is given to the aspects of radial deviation while feeding, influence on the feed force

as well as vibration isolation and damping behavior.
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1. Introduction

An example process chain for the production of
micro parts based on wire material in linked parts is
shown in Fig. 1. In the first process preforms are
generated within a wire by a laser material
accumulation process [1]. The wire is partially melted
and pushed together. In a second step the preforms are
formed by rotary swaging [2].
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Fig. 1. Example process chain.

Depending on the processes and their spatial alignment
different requirements must be met by the guidings
along the process chain. Between the processes it is
most important that the guides suppress vibrations.
Close to the process the requirements are more
complex. A precise radial position of the part within the
tools must be ensured. The vibrations induced by the
process should be damped and the transmission of
vibrations from the process to the linked parts outside
the tool and vice versa should be suppressed. Further,
a compact size can be important due to space
limitations. Classical wire guides are typically realised
as bushings consisting of ceramic materials. They are
especially optimised for low wear. As they are
implemented as sliding guides they necessarily do have
some clearance. The clearance cannot be downscaled
linearly to the micro range; the tolerances of the wire
material are too high. So, the relation of clearance and
part size is bigger in micro dimensions. When using
these guides for line type linked parts a further problem
occurs. As illustrated in Fig. 2 the clearance varies in
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dependence on the position of the parts and the centre
line of the linked part misaligns. The linked parts used
for the investigations, which are presented in the
following, feature a frame diameter of dfame=0.36 mm
and a part diameter of dp,=0.65 mm. Hence, assuming
no clearance between guide and part a maximum
misalignment of Az=0.145 mm results for this example.

Fig. 2. Classical wire guide bushing - clearance.

The measure to overcome this problem by increasing
the length of the guide beyond the maximum distance
between the parts is limited by following reasons.
Firstly, due to space limitation this solution is not always
applicable. Further, in this case the nearest guiding
point in relation to the tool is defined by the part
distance. Considering the low structural stiffness of the
linked parts a precise guiding is not guaranteed by this
way. Further, the contact zone between linked parts
and guide is very small and a compensation of torque is
not possible.

To solve the described problems adaptive guides are
investigated, which can locally adapt their diameter to
the actual needs. The requirements of such a guide can
be summarised as following: precise radial guiding with
sufficient stiffness, good re-centring ability after
displacement of the linked parts, suppression of radial
and axial vibrations, low and preferably constant
feeding forces, compact in size, good wear behaviour,
lubricant free operation, good manufacturability and
reasonable manufacturing costs.

2. Concept description

The general function of a linear guide is to limit the
originally six degrees of freedom of the guided partto a
single linear one and eventually an additional rotational
one. When including the presence of preload and
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assuming a rotational symmetric part the following more
general formulation can be derived. A guide generates
forces on the guided part that lead to a centring of the
part to a defined position. By this definition a wide
solution space is spanned. Further adaptive bearings
can either be active or passive as described in [3]. An
active adaptive guide would control the clearance by
measuring it with a sensor and adapting the diameter
with an actuator. Regarding the needed components
such a system is comparatively expensive. This is
especially important when considering the number of
adaptive guides that are required for a linked parts
production. Hence, a passive solution is aspired and the
presented concepts in this paper are limited to pure
mechanical systems. A function scheme of a
mechanical passive adaptive guide is illustrated in
Fig. 3. It uses the feeding force to increase the guide
diameter when a part passes through. It consists of
three elementary functional elements. A contact
element allows a relative motion and guarantees wear
resistance. A kinematics transforms the feeding force to
a radial force, which acts on an elastic element, which
enables the diameter adaption. In macro range for high
precision applications a maximum stiffness is usually
aspired. In this case a reduced stiffness has less impact
on the accuracy due to the inherent low rigidity of the
linked parts.

elastic element
y 4

kinematics
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[feeding force }------»linked parts]

Fig. 3. Passive adaptive guide function scheme.

Based on this scheme two prototypes were built.
Concept 1 (see Fig. 4) uses bearing balls and spiral
springs. The kinematics is realised by the radius of the
bearing ball and the part contour. The advantage of this
solution is that components are available as standard
parts in equal quality. Based on the characteristics of
the used components and the considered linked parts
the nominal preload of the guide is Ff;me=0.34 N for the
frame diameter dame=0.36 mm. The force of one spring
on a part of diameter d,,=0.65 mm is Fp,:=0.65 N.

A maximum simplification with respect to the
number of components is realised by concept 2 (see
Fig. 5). A cylindrical elastomer element with a central
bore integrates all functions in one component. In order
to realise preload the bore diameter is chosen slightly
smaller than the frame diameter d¢me. The advantage
of simplification of this concept goes along with a
coupling of single parameters, like for example stiffness
and wear resistance. These depend on the available
material. In the following the concepts are called G1
and G2.

m m

Fig. 4. Concept G1, dy=2 mm, a=120°, m=3 mm,
spring rate R=2.122 mN/mm.

178 Guido Tosello, Hans Nergaard Hansen, Kornel Ehmann and Stefan Dimov (Eds.)

Fig. 5. Concept G2, de=16 mm, I1=8 mm,
material: Polyurethan, 70 Shore A.

3. Measurements of radial deviation

In a first measurement the radial deviation e at the
position P is measured while a wire and a linked part is
fed stepwise. The measurement setup is illustrated in
Fig. 6. It consists of a linear axis mounted on a base
plate with different mounting positions for the guides.
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Fig. 6. Measurement setup - radial deviation.

For each of the tests two guides are used. Their
position are named A and B. The distances between A
and the home position of the linear axis as well as A
and B are described by the variables a and b. The
different adaptive guides are mounted in position A.
Further an aluminium block with a bore of diameter
dsg=0.8 mm is used as sliding guide at position B. The
measuring point P is located directly outside the
adaptive guide. The radial position of the wire and the
linked part is measured by an optical micrometer (see
Fig. 7). The accuracy of the used device is specified to
0.7 um. The sensor detects the upper edge of the wire.
Consequently the measurements consider only the z
direction. A position change in y-direction has no
significant influence on the measurement.

trans- receiver
mitter

Fig. 7. Measuring principle.

For a proper interpretation of the measurements it
is important to distinguish the different influences. One
is expected to be the contour accuracy of the parts.
Consequently for the first experiments wire (1.4301/
AISI 304) with polished surface produced in bars is
used instead of linked parts. Even these wires cannot
be assumed ideally in their contour and a one-
dimensional measurement in z-direction is performed,
so that the angular orientation of the measured wire
around its centre line should influence the
measurement results. Consequently the angular
orientation is kept constant during the measurements.
The wire of diameter d,;=0.36 mm is fed in ten steps
of 1 mm and measured at point P for each step then it
is pushed back to the start position. This measurement
procedure is repeated 10 times. The radial deviation is
calculated by relating each measurement to the initial
value at position x=0 mm. Fig. 8 illustrates the results



for the two investigated guides. When comparing the
curves of the mean values for the guides a similar
shape for both guides can be seen, where the gradient
of G is much flatter. For G1 the range of the mean
value is on a level of about 26 ym from the minimum
value to the maximum. For G2 in contrast this range is
only slightly beneath 5 um. The standard deviation of
both measurements is too close to the sensor accuracy
for a further interpretation.
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Fig. 8. Comparison of radial deviation for G1 and G2
measured with wire, dyie=0.36mm.

Finally G1 and G2 are tested with real linked parts.
The frame diameter is dfame=0.36 mm according to the
previous tests. The part diameter is d,+=0.65 mm and
the part length is about |.+=1.2 mm. The measurement
procedure is again the same, but the measuring point
distance is reduced to 0.1 mm instead of 1 mm. For
both guides the same probe is used. The angular
orientation is not considered this time. In the
measurements with G1 (see Fig. 9) the regions where
the bearing balls are in contact with the part can be
clearly recognised by the unsteady curve. Regarding
the zones where only wire is in contact with the bearing
balls the range of the deviation is about 20 pm. The
overall range of the deviation is about 90 um. A similar
behaviour can be observed in the measurements for G2
(see Fig. 10), when the part is within the guide, but the
curve is smoother. The overall range of the deviation is
about 30 um. Before the part enters the guide (x=1 mm)
and after it has passed through (x=9 mm) the curve is
quite constant. But there is an offset between these two
zones, which must be investigated in further
experiments. One explanatory approach is the influence
of the linked part's geometry. There can be an
eccentricity between the frame structures on both sides
of the parts. The difference between the offset in both
measurements could be related to the angular
orientation in relation to the sensor.
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Fig. 9. Radial deviation for G1 measured with a linked part.

Proceedings of the 4M/IWMF2016 Conference

—— |

2 ;ﬁW
I ] |

Ry 1

w
o

=
3

[=]

radial deviation e
—
(=]

L
(=]
OF

1 2 3 4 &5 6 7 8 mm10
part position x
Fig. 10. Radial deviation for G2 measured with a linked part.

4. Influence on feeding force

The developed passive principle is based on the
idea to use the feeding force for a diameter adaption of
the guide. When this adaption is realised by spring
elements with a constant spring rate the feeding force
changes during feeding. Measurements are performed
with a force sensor (see Fig. 11). The feeding distance
is 20 mm, so that the part completely passes through
the guide.

sensor X
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Fig. 11. Measurement setup — feeding force.

Fig. 12 and Fig. 13 illustrate two exemplary results
at a feeding velocity of v=10mm/s. In both
measurements at the start of the motion the wire is
tensioned and the force rises fast. Only the frame
moves through the guide and the force is relatively
constant. It is Fg1 frame=0.02 N and Fg2 frame=0.03 N. In
the measurement of G1 force peaks of Fgq peak=0.05 N
appear when the part is in contact with the bearing
balls. The distance m=3 mm of the balls can be
recognized in the measurement. For G2 the force rises
up to Feamax=0.1 N when the part passes through the
guide. In this case there is a little difference between
the zone of elevated force and the length of the guide,
which is I=8 mm. This can be explained by the lower
axial stiffness of the elastomer element.
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Fig. 12. Force measurement — G1
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Fig. 13. Force measurement — G2
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5. Influence on vibrations

For the vibration analysis an application specific
testing is performed, which allows a qualitative
comparison of the different guide concepts under the
aspect of suppression of radial vibrations. (see Fig.14.)
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Fig. 14. Setup vibration analysis, a=230mm, b=60mm,
p=17mm.

All measurements are performed with a wire of
diameter dy;e=0.36 mm. The wire is clamped at one
end and fitted within a sliding guide (position B) and
preloaded with F,,=25 N at the other end. In position A
during testing the different guides are mounted. In point
S the wire is displaced and released in a repeatable
way. It is simultaneously measured before and behind
the guide at the points P; and P,. The same sensor as
in previous measurements is used and the initial value
is set to zero in order to calculate the radial deviation e.
For comparison a standard sliding guide with diameter
dsg=0.8 mm is used. Results are shown in Fig. 15.
There is a big clearance of 0.22 mm between wire and
guide, as may appear in the worst case for a linked
part. The wire can almost vibrate freely on both sides of
the guide. The amplitude is about 8 um. The results for
the guides G1 and G2 are illustrated in Fig. 16 and
Fig. 17. Both of them show a good suppression of radial
vibration for the wire segment behind the guide.
Considering the vibrations before the guide, G2 shows
a better damping, as could be expected for an
elastomer. In the measurement no vibration can be
seen. There is only a variation in the range of the
sensor resolution.
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Fig. 15. Vibration measurement sliding guide ds;=0.8.
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Fig. 16. Vibration measurement guide G1.
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Fig. 17. Vibration measurement guide G2.

6. Conclusions

A principle for the passive and adaptive guiding of
linked parts has been developed. Based on this
principle two prototypes were built and examined under
the aspects of precise radial guiding, influence on the
feeding force as well as suppression of radial vibrations.

It could be shown that adaptive guides improve the
guiding precision compared to non-adaptive guides, but
the precision is still influenced by the contour of the
parts that are guided. This influence is more or less
distinct depending on the guiding concept. Regarding
the feeding force an influence of the adaption could be
shown. The feeding force is used for the radial adaption
and consequently the adaptive guides cause force
peaks when parts pass through. These peaks could be
clearly observed. They are low in comparison to the
forces that are delivered by typically applied feeding
devices. Nevertheless, a reduction by further
optimisation of the kinematics is aspired to decrease
the peaks’ amplitudes. Otherwise these force peaks
could induce vibrations to the system and decrease the
accuracy. In the vibration measurements it could be
shown that both guide concepts are generally suited to
suppress the transmission of vibrations between
different sections of the linked parts. Concerning the
damping of vibrations close to a process guide G2
shows a better performance. Based on the developed
function scheme further concepts can be realized,
which improve the damping behaviour.

Acknowledgements

The authors gratefully acknowledge the financial
support by Deutsche Forschungsgemeinschaft (DFG,
German Research Foundation) for Subproject C5
"Linked Parts" within the SFB 747 (Collaborative
Research Center) "Micro Cold Forming - Processes,
Characterization, Optimization". Further we thank
Subproject A3 "Material Accumulation" for the
production of the linked parts containing the preforms.

References

[1] F. Vollertsen, Micro Metal Forming, F.
Vollertsen Springer, 2013, chapter 6.2.

[2] P. Wilhelmi et al., “Wekstofffluss beim

Mikrorundkneten im Linienverbund,” 7. Kolloquium
Mikroproduktion, 2015; volume 7: pages 31-38.

[3] V. J. Vekteris, “Principles of Design and
Classification of Adaptive Bearings,” Tribology
Transactions, 1993; volume 36-2: pages225-230.



