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Abstract. The assembly process of a novel micro-scale cmatel

measuring machine probe is presented. The procekesruse of a
semi-automated miniature robot. The initial testattled to the full

process chain are described, and the full proceam gresented. The
presented process chain successfully producedassembled probes.
Future work is suggested to augment the presentedegs chain
leading to further automation.
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1 Introduction

Modern precision engineering demands measurempabiidies of at least equal, if not
superior, accuracy to the machining capabilitidsis Btatement is especially true for
small components with functional micro-scale feasurThe required measurement
capability is partially realized by the new genieratof micro-co-ordinate measuring
machines (micro-CMMs), such as the Zeiss F25, heweexisting high accuracy
probing systems for such machines often lack allftimctionality required to complete
such measurements [1].

The National Physical Laboratory (NPL) has devetbpenovel micro-scale CMM
probe that aims to bring overall measurement uaicdyt of micro-CMMs to below
100 nm, while also allowing true isotropic 3D scagnand non-contact surface
detection. The probe consists of a triskelion @Hegyged) nickel flexure device and a
spherical stylus tip.

The triskelion device is a MEMS (micro-electricakchanical system) produced
using typical integrated circuit production techrdg such as metal deposition and
chemical etching [2]. A 7 um thick piezo-electriead zirconium titanate) film is
deposited onto the nickel flexures using a solspéhning technique. Each flexure is
2 mm long, 0.2 mm wide and nominally 20 um thickeTflexures are fabricated on a
silicon chip, 14 mm by 14 mm by 1 mm.



The spherical tipped stylus is 2 mm long, 200 pmiameter with a 70 um diameter
spherical tip. It is produced using micro-electisetiarge machining. A full description
of the production process can be found elsewhéréd[3

Using the deposited PZT as actuators and senberdgvice is designed to vibrate in
a direction normal to any measurement surfacedb@mters. This vibration is used to
counteract the disruptive surface forces encoumterging micro-scale dimensional
measurement and to enable the probe to operatenam-@ontact mode, significantly
reducing the probing force imparted on the measen¢nsurface in comparison to
existing micro-CMM probes [5]. A schema of the devis shown in figure 1.
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Figure 1. A schema of the vibrating micro-CMM probe.

The assembly of the flexure chip and the sphegeetipstylus, to produce the
vibrating micro-CMM probe, presents a number ofliemges. These include, but are
not limited to, the delicate nature of the 20 pmrkal thick flexures, the difficulty in
handling millimetre-sized parts, the surface intéom forces being dominant over
gravity during the operation and obscured viewrdfoal process steps due to limited
available camera positions. The ideal physical irequents of the assembly of the
stylus onto the chip are a positional accuracy 6f5-um and an angle between the
stylus and flexure of 90° + 0.29° [6].

2 Assembly preparation and tests

There are many demands put on processes for niafe-assembly. These demands
include the need for high precision and repeatgbilexibility and energy efficiency,
low cost and suitable workspace volume and shapest Monventional assembly
machines do not guarentee all of these requirementise level demanded by this
product along with a high degree of automation Ngw approaches for scalable and
highly flexible production technology are miniazed handling devices in the range
of several centimetres to a few decimetres [8].

2.1 Assembly setup

To complete the assembly of the flexure and theespdl stylus tip, a miniaturized
assembly setup using a robot (Parvus) was develapdte Institute of Machine



Tools and Production Technology (IWF) of TU Braumseig. A micro-gripper [9]
was connected to the robot and two microscope asneere arranged within the
workspace with front and lateral views. A fixturasvdesigned and manufactured to
hold the triskelion chip on a tip-tilt table withthe robot’s workspace. An ultraviolet
(UV) light source was also arranged within the vepdce. The capability of this
setup beyond that of conventional assembly systemisiding accuracy, repeatability
and the scope for automation, is fully describefB]nThe setup is shown in figure 2.
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Figure 2. Setup of the assembly system, robot Parvus andtftow
2.2 Cameraverification

The cameras are used during the assembly processifg the angle between the
triskelion and the stylus. Both cameras were \atifusing a previously calibrated
vertical micro-scale artefact. This artefact wasifined directly above the centre of
the triskelion device. The camera was thus caklordb the upper surface of the
triskelion device.

2.3 Experiment with UV curing adhesive

Ultraviolet curable adhesive was chosen as the msagable adhesive for the
assembly [3]. Several types of UV curable adhesveee investigated specifically
focusing on their uncured viscosities. These aosvehn table 1.

Table 1. Physical properties of several adhesives testethéir suitability [10, 11, 12, 13]

Adhesive Viscosity /mPa Hardening at wavelength /nm
DELO Katiobond AD 610 400 320 -380

DELO Katiobond 4578 12400 400 — 550

Vitralit 1605 500 400 - 500

Loctite 352 20000 365




Adhesive types DELO Kationbontb78 and Vitralit 1605 cure under normal white
light after a few minutes and are thus not suitdbtethe assembly process, which
may take some minutes. For the adhesive with tivedbviscosity (DELO Katiobond
AD610), dipping and application with a hollow diser needle (diameter 0.24 mm)
deposited an adhesive drop onto a test surfaceanitiameter of 320m. A similar
test using the high viscosity adhesive (Loctite)3&3ulted in drops with diameters in
the range of 21@m to 240um. The aim of the investigation was to select the
adhesive that deposited the smallest uncured dnepefore Loctite 352vas chosen
for the assembly process.

A Hartmann UV-P 280/8ght source was used to cure the adhesive. Aftarrig
time of 60 s the Loctite 352dhesive drop was tack free.

2.4 Application of adhesiveto triskelion

To complete adhesive tests on an actual triskeleorispenser needle (diameter
0.24 mm) was dipped into an adhesive reservoirrdp dvas applied on the central
area of the triskelion as shown in figure 3.

Figure 3 I a'dh»ese drop being déposited (a) in thrgreeof the triskelion. The
resulting adhesive drop is shown at (b)

Dipping the dispenser needle into the adhesiverveseworked well in the first
experiments on a test surface (see section 2.3yekdr, this method does not apply
an exact or repeatable amount of adhesive. To ghigeproblem, the Parvus robot
was equipped with a dispenser needle that cantlyirgply a pre-defined volume of
adhesive on to the surface of the triskelion. Adddlly, to ensure sufficient contact
between the triskelion surface, the stylus andatfieesive, the stylus was also dipped
into the adhesive reservoir, as shown in figure 4.

: N\
Dipping stylus
A — 1 L
Figure 4. Gripping the stylus (a) and dipping the end in dhesive reservoir (b)



25 Test assembly of stylus

Once the assembly setup was built, the camerafeekand a gluing strategy devised,
it was necessary to complete a trial manual assembl

Firstly, a micro-stylus was selected and prepaseceinoving it from its transport
stub and inspecting it under a 3D microscope. Téesport stub is designed to allow
easy transport and handling of the stylus withaigping the delicate stylus directly.
The design has been suitable to allow transpatiestyli from Taiwan to the UK via
normal commercial courier. It was possible to ghie stylus on its transport stub with
the micro-gripper, however, the necessary forceréak the stylus at the neck is too
high and experience suggested that the gripperdivordak. Hence, the stylus was
removed manually and placed safely in a gel recémtavhere the gripper could
collect it. This process is shown in Figure 5.

Figure 5. Micro-stylusin transporstub(a), beinginspected (bandcollectedfor assemblyc).

Once both adhesive depositing steps were complatedgscribed in section 2.4,
the stylus was positioned over the central areh@triskelion and moved down into
contact with it. Finally, the adhesive was curéxinf) the stylus in place as shown in
figure 6. To check the stability of the connectimtween the triskelion and the stylus,
a lateral force was applied to the stylus using mfiero-gripper, also shown in
figure 6b.

Lateral camera view

completed on the stylus (c).

3 Final assembly process

Working from all previous experiments and test ags@s, as described in section 2,
a full process chain was devised to assemble tbeorprobe. This process chain was
developed to allow the maximum amount of prepanatiefore any irreversible steps
are conducted. The preparation steps include aligttie fixture within the robot’s



workspace and mounting the various adhesive appli&aThe irreversible steps
include depositing adhesive on the parts, bringhmgse parts together in assembly
and curing the adhesive. These steps should ongobwleted once all preparation
has been performed and it is possible to completerably without interruption or

breaks.

At several stages throughout the assembly protes$arvus robot was taught the
locations of several essential positions withinwmekspace. This allows the operator
to take advantage of as much automation as it wasille to devise in the short time
frame of the project. The complete process chaééswvn in table 2.

Table 2. Complete process chain for assembly of triskeliod atylus, including links to
previous figures for reference; the irreversiblpstare indicated with an asterisk (*).

Process description Reference
1 Verify condition of stylus and triskelion undedD 3nicroscope Figure 5
2 Mount triskelion device and fixture on the tifi-table Figure 2
3 Insert plate for adhesive dipping Figure 4b
4 Align tip-tilt table in the workspace of the rdbo Figure 2
5 Position the calibrated part for camera calibrati Section 2.2
6 Arrange cameras (front and lateral) and approxff@m horizontal

- Align vertical orientation of cameras accowglio the calibration part

7 Teach robot rough position of gripper over thetia hole of triskelion
8 Teach robot rough position of gripper over tretg@for adhesive dipping
9 Mount adhesive cartridge with dispenser needie mbot
10 Teach robot rough position of adhesive dispewser central hole of

triskelion
11  Remove adhesive cartridge
12 Remove tip-tilt table
13  Position gel-tray with stylus within the robobrkspace
14  Grip the stylus with the micro gripper Figure 5¢
- If necessary correct stylus’ position within tépper
15 Remove gel-tray
16  Re-insert tip-tilt table
17  Test assembly without adhesive
- Test of process 7, re-teach assembly positioréessary
18  Mount adhesive cartridge
19  Check pressure and dispensing time at adhespernser

20 Dispense adhesive drop on plate Figure 4b
21* Dispense adhesive drop on the centre of tiiskel Figure 3
22  Remove adhesive cartridge

23* Dip stylus in the adhesive drop on the plate guke 4b
24*  Assemble the stylus onto the triskelion Figbeeb
25  Align stylus vertically Figure 6a,b

26* Cure adhesive by ultraviolet light
27  Open the gripper and retract

4 Resultsand conclusion

Four micro-CMM probes were successfully assembldguthe method described.
The assembly process, as described in table 23Wasinutes in duration per probe.
The time consuming factor is the lack of adequatding systems for micro parts.



With automated feeding, the assembly could be cetagl in 5 minutes. Each
completed micro-CMM probe was qualitatively testedestablish the orthogonality
of the stylus. Each completed probe was also fanatly tested by applying a lateral
force on the stylus to verify sound adhesion betwibe assembled parts.

The assembly method uses automation to ensuretabpeaolumes of adhesive
are deposited on the triskelion and to ensure tapkmaplacing of the stylus at the
triskelion. However, many operations, such as pigkip and handling of the stylus,
and fine adjustments of the position of the stylafore curing are done under manual
control. As a prototype assembly method, processmgll volumes of parts, this
semi-automation is sufficient. However, should ¢hkee a need to scale up the process
for higher production volumes, more automation widudve to be implemented.

5 Futurework

With a view to increasing the automation of theeasisly process, several steps can
be taken to make robot handling and programminggeas

The stylus transport stub should be redesignetiatathe micro-gripper can safely
remove the stylus without the need for a manualraim and an intermediate
receptacle. The styli should also be supplied irtridges, which will allow for
programmable gripping by the micro-gripper. Furthere, automated feeding of the
styli will be necessary to guarantee a continu@serbly process.

The triskelion device should be automatically t@orted to the assembly position.
The triskelion device could directly be gripped grakitioned by the Parvus with a
typical vacuum gripper. Therefore, a tool changehich is currently under
development at the IWF, could be used to switclvéeh the vacuum and the micro-
gripper. Alternatively, an additional feeding systdor the triskelion devices could
bring the parts into the assembly position. Furti@e, an active fixture, as presented
elsewhere [8], that clamps and releases the titskelevices will be necessary.

The current camera positions (front and side, ¢delvat about 30°) are ideal for
observing and controlling the adhesive depositideps and also any stylus
manipulation steps. However, they do not allow fprantitative measurement of
stylus angle. They are also susceptible to anytioo@ misalignment on setup and
misalignment of reference features on the triskeli® variable focus camera should
be set up directly above the centre of the trisketo allow for better measurement of
the stylus angle and to verify that the sphereidigirectly above the centre of the
triskelion. While the process could, theoreticabg, run using only this camera, any
imperfections in the parts (straightness or flatnesors) will cause errors in the
assembly. For adequate control, at least two cesremm required, for ideal control,
three cameras should be used.

The position of the assembly point, at the centreghe triskelion, should be
determined prior to assembly. If the assembly pcéamt be determined with respect to
the origin of the Parvus robot, the operator wilit meed to manually teach the
assembly point. Alternatively, a vision system auomated image processing or a
laser scanning process could determine the assqrobitjon.

All parts, fixtures and cartridges should be regiesd so that they can fit easily
inside the workspace. This will reduce the needetoove and replace parts during
the assembly process.



A set of dummy parts should be made to allow thdmnges to be tested. Using
these dummy parts a higher production scale casirhalated without the waste of
expensive micro-parts.
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