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Al,O3 Al, Ca duplex oxide

MnS Cr carbide

Autoradiographic observations of tritium absorption around various inclusion in SCM435 (Ohtsuka et al)

Inclusion [Al,O3(Ca0),]

© Number of hydrogen
ion contents

Secondary ion image of inclusion at
fracture origin by SIMS measurement
[Al,05(Ca0),], (SCM435)

10 um

Autoradiographic observation of tritium absorption near
the inclusion at fracture origin Al,O5(Ca0), (SCM435)
(0, =480 MPa, N; = 9.61X10%, Courtesy of H. Kawazoe et. al. )
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Effects of Hydrogen Charge on Cyclic Stress-Strain Properties and
Fatigue Behaviour of Carbon Steels

H. Uyama, Y. Mine, Yu. Murakami, M. Nakashima and K. Morishige

Effects of hydrogen charge on fatigue behaviour of two carbon steels, JIS-S10C (SAE1010) and JIS-S45C (SAE1045)
were investigated. There was no hydrogen effect in the cyclic stress-strain hysteresis loops of S10C hydrogen-charged
with 0.2 ppm. On the other hand, the strain amplitude was decreased in S45C hydrogen-charged with 0.8 ppm. The
delayed yielding and the decrease in the saturated value of the strain amplitude were observed in the hydrogen-charged
specimen (H: 0.5 ppm) of S45C under the constant stress amplitude tests. It is supposed that the degree of influence of
hydrogen on cyclic stress-strain properties depends material structure and/or hydrogen content. The effect of hydrogen
charge (H: 0.5 ppm) on the fatigue life, the fatigue limit and the crack growth curves of S45C were not remarkable, while
there was a distinct difference in the morphology of the slip bands between the hydrogen-charged and uncharged
specimens. The localized slip bands were observed in the hydrogen-charged specimen of S45C. Therefore, it is
presumed that the decrease in the strain amplitude in hysteresis loop by hydrogen charge is caused by the localization of
slip bands. More crack initiations from ferrite grains were observed in the hydrogen-charged specimen (H: 0.5 ppm) of
S45C. This phenomenon also corresponds to the localization and the formation of slip bands.

Key words: hydrogen, slip band, localization, fatigue crack, hysteresis loop, ferrite, pearlite, carbon steel
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Table 1 Chemical compositions of materials (mass %)

C Si Mn P S Cu |Ni+Cr| Fe

S10C 0.13]0.22 | 0.39 | 0.013|0.022 | 0.09 | 0.10 | Bal.

S45C-1* | 0.47 | 0.19 [ 0.70 | 0.012|0.024| - |0.12|Bal.

S45C-2** 0.45 | 0.25 | 0.79 | 0.010 | 0.010| 0.09 | 0.21 | Bal.

*S45C-1 is used for tension-comprresion tests.
**345C-2 is used for rotating bending tests.

Table 2 Hydrogen contents (mass ppm)
Prefatigued
Material | Uncharged | Hydogen-charged 9
+ Hygrogen-charged
S10C 0.02 0.18 0.24
S45C-1 0.05 0.52 0.84
L0
() (@]
QN >
@ og
20 S
50.4 41.2 50.4 B
142
(a) Plain specimen
©
A/ o
& 7343
20 N
50.4 41.2 50.4 |
142
(b) Shallow-notcggd specimen
v
X ol
[t}
825| | 335 5
80 50 80
210
(c) Shallow-notched specimen
Fig. 1 Fatigue specimens
’é‘ 1.0 W Hydrogen-charged (S45C-1)
o ° A Hydrogen-charged (S45C-2)
£ o8 ° @ Prefatigue+ Hydrogen-charged (S45C-1)
S o« ®
£ 06 n =
% g °® A
8 04
=
% N A R oA A
o 02 - AA
32 Uncharged:0.05 ppm °
f L — g,,";,ﬂj,,,,,‘,,,,,,,,‘%,,,,
0.1 1 10 100 1000

Time after hydrogen charge, t/h

Fig. 2 Variations of hydrogen contents after hydrogen-
charge of S45C
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Fig. 3 Cyclic hysteresis loops of the hydrogen- charged and
uncharged specimens of (a) S10C and (b) S45C
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Fig. 8 Micrographs and schematic illustrations of three
types of the slip bands of S45C
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On Chip Extraction for Intracellular Material from the Single Cell

M |, Bl R/, UNE R

N. Ikeda, Y. Yanagida and T. Hatsuzawa

Investigation of a single-cell is widely recognized in biotic research field as essential to understanding in detail, the
functionality of the cellular systems. In this study, the micro-fluidic chip for a single-cell capturing and lysis has been
developed using a glass substrate and a photoresist (SU-8). And then, the function of this chip is studied using a plant cell
(protoplast). The chip is able to guide a single-cell into the channel using low-voltage electro-osmotic flow, and the cell is
captured mechanically by a pinched structure in the channel. Finally, the captured single-cell is successfully lysed by the

flow movement and the electrical field.
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Technical paper

Surface Integrity Control of Piezoelectric Materials in Ultra Precision Grinding
- Based on Tooling Design Analysis

The research investigated the precision machining of PZT, including the design requirements
for a machine tool to achieve nanometer surface finishes economically e.g. to eliminate
polishing. PZT is an advanced material which is critical for many advanced miniature
components, including micro actuators and sensors. The work showed that with the correct
design of machine tool PZT could be precision ground to the surface finishes required with
minimum sub surface damage, without the need for further polishing. Critical requirements for
an appropriate machine tool were found to include high dynamic acceptability and the
minimization of thermal effects. The research has led to a major break through in the
understanding of the design requirements for a machine tool and the process for the
machining of ultra precision macro and micro components in brittle materials. Such
components have included large space telescope mirrors to micro sensors for measuring
airflow across aeroplane wings.

Former Professor, Consultant at Cranfield University / John Corbett
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Surface Integrity Control of Piezoelectric Materials
in Ultra Precision Grinding
— Based on Tooling Design Analysis

S. Arai* / **, J. Corbett*, R. W. Whatmore*, S. A. Wilson* and J. Hedge*

Abstract

This work verifies the interaction between the ground surface integrity (surface roughness and flatness) of piezoelectric
materials and the design influence of the tooling. A statistical design array was applied in order to identify significant grinding
factors, and the results led to the development of a new material removal model, in which a combination of brittle and ductile
material removal modes was preferable, and this resulted in an optimised surface roughness and flatness. Concerning the tooling
design influence, a vacuum chuck with a visco-elastic damping polymer layer was designed to dampen the vibrations generated
during grinding. The developed new vacuum chuck demonstrated improvements in both the surface roughness and flatness. In

addition, defects on the ground surfaces were categorized in order to optimise the grinding parameters.

"Reprinted with permission from Proc. of 4th euspen International Conference-Glasgow, 2004
the European Society for Precision Engineering and Nanotechnology"

Introduction

Ultra precision grinding has the potential to finish the
surface of brittle materials to a high surface integrity.
Many research programmes have been carried out to
investigate how to grind various brittle materials
precisely and smoothly, analysing material damage
induced in the surface and subsurface '). PZT is a brittle
material which can transform electric energy to a
mechanical deformation depending on its piezoelectric
properties, and it has been utilized for precision
mechanisms and small electric sensors. Their
requirements for a high surface integrity have recently
become much more stringent. For example, MEMS
(micro-electro mechanical systems) is one of the main
fields for the use of PZT materials, and for such fine
applications, it is necessary to finish each device with
fewer defects, which could lead to a deterioration of
their function 29

Statistical Grinding Experiments and
Material Removal Modelling

Fundamental grinding experiments were carried out
in order to identify the significant factors affecting the
grinding process. All experiments were completed in a
traverse mode with cup grinding wheels (vertical Z axis
for in-feed and horizontal X axis for traverse). A Taguchi
array of L6 (21%) was arranged for the analysis of
variance with regard to the surface roughness, flatness
and textural damage, paying attention to the
interactions of single factors (defined factors : A - feed
rate, B - spindle speed, AxB, C - work piece material,

AxC, BxC, AxBxC, D - abrasive grit size, AxD, F - work
depth of cut, AxBxD, G - chuck design for work piece,
AxG, CxF, AxBxG). There were two sets of statistical
experiments with / without ELID (electrolytic in-process
dressing). Resin and cast iron bonded cup grinding
wheels (diamond abrasive grit size : 3 ~ 6 and 6 ~ 12
micrometer) were used for each set of experiments,
and un-poled hard and soft PZT work piece disks
(diameter 50 mm, thickness 2.0 mm), each with a grain
size of approximately 5 ~ 7 micrometer, were prepared
for both experiments.

It was statistically confirmed that (i) there were severe
fractural damage and burnishing on the ground
surfaces due to worn abrasive grits and loading of the
grinding wheel when ELID was not utilized, (ii) coarser
abrasive grits were preferable even with ELID, (iii) in
general, a faster feed rate was preferable for the
surface flatness whereas a slower feed rate showed
improved results for the surface roughness, and (iv) a
deeper work depth of cut (a,) was desirable for the
surface flatness whereas a shallower work depth of cut
resulted in the improved surface roughness. Fig.1
shows the basis for the material removal model taking
account of these tendencies. When the deeper work
depth of cut (5.0 micrometer) is applied, abrasive grits
attached to the peripheral area of the grinding wheel
contribute to the main material removal, which initiates
defects, such as grain pull out and micro cracks,
particularly around the leading edge. However, once
the grinding wheel edge is worn, the frequency of
severe defects becomes relatively low because of the
decrease of abrasive protrusion. Meanwhile, the

* Cranfield University, School of Industrial & Manufacturing Science

*k NSK Ltd.
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Fig. 1 Material removal model for traverse mode with a cup grinding wheel
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Fig. 2 Concept of vacuum chuck

remaining smaller defects are subjected to a secondary
finishing process via the abrasive grits on the bottom of
the cup grinding wheel 4. If the defects generated
around the leading edge are sufficiently small, then
ductile material removal can be accomplished smoothly
in the subsequent finishing zone because of the
decreased mechanical toughness of the work piece
material. Furthermore, once the edge wear on the
grinding wheel face occurs, the protrusion of abrasive
grits will gradually decrease from the centre of the cup
grinding wheel to the external edge of each segment.
This variation will result in finer work depths of cut in the
secondary finishing zone, and remove material from the
surface of the work piece more gradually. However,
when the shallower work depth of cut (0.5 micrometer)
is applied, the main material removal and finishing are
accomplished simultaneously by the abrasive grits
attached around the bottom of the cup grinding wheel.
In this case, the actual work depth of cut depends on
the variation of each abrasive protrusion. It is thought
that this induces an increased heat generation within
the work piece due to the large contact area and
relatively high mechanical toughness of the work piece
material, and consequently varies the distribution of
residual stress within the surface. Therefore, it is
possible to conclude that the deeper work depth of cut
results in a decreased surface temperature of the work
piece, which contributes to a better surface flatness,
although scratches due to debris and subsurface
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(b) Loss factor
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(at 4 500 rpm, 5.0 mm/min, ap 5.0 micrometer / PZ26)

damage in the work piece increase, leading to a slight
deterioration of the surface roughness value.

Development of a Vacuum Chuck with a
Visco-Elastic Damping Polymer Layer

The development of a vacuum chuck with a visco-
elastic damping polymer layer was undertaken in an

NSK Technical Journal No. 681 (2006)
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attempt to minimize the deterioration of the surface
flatness of the work piece due to grinding. Fig.2 shows
a general view of the designed vacuum chuck. The
structure consists of two aluminium plates, between
which an acrylic synthetic substrate is inserted. When
each aluminium plate vibrates in the same bending
mode, the shear forces caused within this polymer layer
dissipate the vibration energy due to its internal friction,
and this dampens the vibration efficiently. The polymer
layer used for this application has to be carefully
chosen paying attention to its variable shear storage
modulus and loss factor. Fig.3 (a) and (b) shows the
simulated and measured results of the angular
frequency ratio and the loss factor of the structure,
plotted against variations of the polymer layer thickness
(f« : damped angular frequency of the structure, fo :
natural angular frequency of a single aluminium plate).
Measured results were obtained with polymer
thicknesses of 50.8, 127, 254, 508 micrometer. It was
found that solutions based on the developed equations
for a 2 dimensional beam (3.5 ~ 4.0 kHz) did not fit
either measured result or solutions of a finite element
analysis (2.8 ~ 3.6 kHz). It is thought that this is
because of the difference in the defined boundary
conditions and the limitation of the modelled shape.
Meanwhile, although the first modes (simple bending
shape) acquired experimentally showed rocking modes
at each support element, their frequencies were
consistent with those acquired with the finite element
models. This implied that the dynamic behaviour of the
polymer compound vacuum chuck could be estimated
sufficiently in the design stage. Concerning the loss
factor of the structure, the simulated performances did
not fit experimental results because of the geometrical
limitation of the numerical model. However, it can be
stated that the experiments demonstrated that polymer
thicknesses of 254 ~ 508 micrometer gave the best
damping performances. Fig.3 (c) shows grinding

Surface
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" Feed rate,

4 500 mm/min

Spindle speed, rpm

| Polished

1.0 mm/min
T ——— : ST ——
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Fig. 5 Secondary electron image
(6 000 rpm / PZ26)

results with each vacuum chuck. With regard to both
the surface roughness and flatness values in the
grinding direction (X axis), substantial improvements
were achieved depending on the thickness of the
polymer layer.

Optimization of the Grinding Parameters

Experiments using ELID were carried out for a work
depth of cut of 5.0 micrometer in order to optimise the
grinding parameters. The spindle speed was varied
from 1 500 to 6 000 rpm, and the feed rate from 1.0 to
15.0 mm/min. The vacuum chuck with a damping
polymer layer of 508 micrometer was utilized for these
experiments based on the design analysis. Fig.4 shows
typical results of the surface roughness and flatness
values for different spindle speeds and feed rates. The
theory that a fast spindle speed and slow feed rate are
preferable to obtain improved surface integrity appears
to be generally correct. However, the fastest spindle
speed of 6000 rpm indicated a saturation of the surface
roughness values on hard PZT (PZ26), and a
deterioration of the surface roughness values on soft

Surface flatness
deterioration, um

Feed rate,
mm/min

Spindle speed, rpm

Fig. 4 Surface roughness and flatness
(Hard PZT / PZ26)
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PZT (PZ27). Concerning the surface flatness,
consistent best values were achieved with feed rates of
5.0 to 15.0 mm/min in both materials, whilst the worst
surface flatness values were observed repeatedly at the
feed rate of 1.0 mm/min. Fig.5 shows secondary
electron images of the ground surfaces. The material
removal model suggested via Fig.1 predicts the
initiation of micro defects at the leading edge of the cup
grinding wheel, and observed results indicated the
generation of such subsurface damage. Fig.6 indicates
the frequency of defects visually, based on evaluation of
these images. If the machined defects are divided into
two groups, grain pull out and defacing, adding to the
initial porosity generated in the sintering process, and
they comply with this chart, it is possible to show that
feed rates of 5.0 to 10.0 mm/min give the optimum
surface roughness and flatness, and this agrees with
the values shown in Fig.4.

Conclusions

A practical material removal model for the multi point
grinding was suggested, based on a statistical
investigation of experimental results. A vacuum chuck
with a visco-elastic damping polymer layer was
developed in order to enhance the damping
characteristics, and it was confirmed that the device
performed effectively for the improvement of ground
surface integrity. Furthermore, defects induced on the
ground surfaces were evaluated and this led to a
recommendation for the grinding parameters with
regard to optimising the surface roughness and
flatness.
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Basic Study on Differential Pumping Seal for Precision Positioning Table
in Vacuum Environment
T. Nakamura and N. Saji

With high integration of a semiconductor, the development of an aerostatic bearing used for ultra-precision positioning
table system in vacuum environment is needed. In order to make it possible to an aerostatic bearing in vacuum
environment, a differential pumping seal, which is one of the seal method, is needed. In this study, the differential pumping
seal of linear motion type was developed, and then its performances in a stop and a movement states were evaluated. As a
result, we clarified that it achieves the vacuum degree of 10~° Pa order and quantified influence of a pressure change over
travel length and moving speed in a movement state. Furthermore, we identified the main factor of this pressure change

and confirmed the effectiveness of dehumidifying surrounding air space to restrain this pressure change.
Key Words : Ultra-precision, Positioning, Hydrostatic Bearing, Differential Pumping Seal
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Table 1 Specifications of vacuum pumps

Pump 1 Pump 2 Pump 3
Flow rate 1.3 m3min | 1.3 m3min | 4.2 m3min
Ultimate pressure 2.7 Pa 2.7 Pa 0.27 Pa
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Fig. 4 Simulation results of seal performance
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Table 2 Comparison between simulation and experimental results

Gap 1 Step 2 Step 3 Step
Simulation 1.8x107° Pa 1.3x1076 Pa 22x1077 Pa
5pum
Experiment 3.4x107° Pa - -
Simulation 20x 107 Pa 7.3x107% Pa 8.7x 1077 Pa
10 um
Experiment 1.8x 107 Pa 6.0x 107% Pa -
Simulation 2.8x 1073 Pa 8.1x107° Pa 6.5x 1076 Pa
20 um
Experiment 20x 1072 Pa 35x107° Pa 3.0x107% Pa
Simulation 1.7x 1072 Pa 41x107* Pa 45x107° Pa
30 um
Experiment 20x 1072 Pa 25x107* Pa 1.9x107° Pa
Simulation 6.4x 1072 Pa 1.4x 1072 Pa 23x107% Pa
40 pum
Experiment 9.4x 1072 Pa 6.9x107* Pa 5.1x107° Pa
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Fig. 9 Pressure change in a clean room
(Temperature 23 °C, Humidity 50 %)
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Fig. 11 Partial pressure in a movement state (Temperature 23 °C, Humidity 50 %)

Table 3 Difference of pressure change by atmosphere

Moving speed
50 mm/s 100 mm/s
Air (Humidity : 50 %) 090x107°Pa | 2.1x1075Pa
Air (Dew-point: —15TC) | 0.25x 1075 Pa | 0.46 x 107° Pa
N, (Dew-point: —65C) | 0.18 x 107°5Pa | 0.33x 1075 Pa
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Fig. 12 Effect by travel length and moving speed
of a pressure change
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