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ABSTRACT

Thene hoa been a Laemendows Jlncasaxne in the ascope of CHC machine
tooda., Thiisa racnease hoa fegd ‘ho the development og apec.ial
natrnumenta, which ane wxsed Lo dncaense the accwnacy o the Hdnal
products and to eliminate The aounceis of ennona (o aome openoliona on
CNC unachine toolnr, asuch as "touch ofhé,tool aeliting,tood wenn detection
wad  Thecking the poadlfion of Che production”. These (inastauments ane
calied senasona.

The wim of thia wonk {4 o deaiign and fabricote on electnic
agpaon whdoh could be mounited on any machdine tool., Thia asnagr and (LT
dippenent styli wene gpplied to coven vaniows applications, such aa;
Touch obfy and Tool setting., Geteaminat.lion o4 tocd ofbaet, Detection of
Eond wean, Checrine the dimenaslon 04 the paoduction.

The aenaon L4 mounted on a Siant Beg CNC  Lathe (n difjhersnt

Pocatiion (chuck, ‘tunnelt and tailatock) to test Lta capabilites. The.
obtained  Theaudts  nsune The impontance of auch prope Lo (lmprove the
peabonmancae b CNC machine toolsa. Thias achievement (ncheaases The anreq

ofy. applicoriona of this senason "Towch Prape” to be wsed dn  (ndwsafnicl
robotica and othen automated manifactuning ayatema,
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INTRODUCTION

Sensors are defined as devices, which detect a certain

characteristic of a product (Pesition, temp.... etc.), as a mean
of controlling that characteristic to achieve high accuracy
(1,2].
High precision in manufacturing and thus in machining, is
esgential for the manufacture of many advanced products of
strategic importance in international competitiveness. Many new
products now demand sub-micron wmachining accuracies and
increasingly, many are forcing the development of machines
capable of providing precision in the nanometer region. The use
of sensors in NC machines is the tool for raising the precisicn
in machining, hence the precision of the manufactured products.
The result was the first touch trigger probe which is capable of
rapid, accurate inspection with low trigger forces. The use of
modern sensor will play a significant role in the tough
competition of marketing. The automation of production processes
is advancing ceaselessly. The demands placed on sensors are
naturally rising in line with this. To succeed in solving the
technical problems of tomorrow and Dbeyond, we need highly-
developed sensor technology.

Sensore can be classified as in Fig. (1) according to the
design concept and the application used in [ 3 ]. The aim of this
work is concentrated on the "Touch Sensore" which could be
classified under Tactile (contact) sensors.

It all started with Rolls-Royce engines for Anglo-French Concord.
A unique solution was required for accurate pips measurement.
Touch sensors:

These are called “tactile sensors“ and are devices which
indicate contact between themselves and some other solid object
without regard to the magnitude of the contacting force.

The touch trigger probe is a precision omnidirectional
triggering device consisting of a probe, a probe head, and a
variety of styli to contact the workpieces. The body style may
be chosen for mounting on the spindle of a machining center, on
a lathe turret and for mounting on the machine bed.

An extremely small deflection. of the order of one
micrometer, is required to trigger the probe. The stylus force
necessary to cause this deflection is adjustable, and may be set
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Classification of types of sensors
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Fig.{1) Classification of Sensors.
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as low as 20 grams {4]. A generous overtravel permits the stylus
to deflect after contact, without damage. The stylus returns to
its datum or eguilibrium position when contact ends.

From the previous analysis one may conclude that the aim of
this work is to construct and fabricate a touch sensor based on
the simple principle, illustrated in the following paragraphs,
to be mounted early on a slant Bed CNC lathe of 8-stations turret
head. The senscr 1s to be designed with different styli and
shanks to suite the different applications not only en lathes but
also to be suitable for vertical milling Machines.

The sensor is used in different applications as mentioned
before.

Operational Principle:

Upon touching the workpiece an electrical circuit is
completed through the sensor/machine/workpiece and a red
indicator light illuminates. At the point where this line
flickers, indicating point of contact. a digital read out of the
position is given on the monitor of the CNC machine to identify
the exact position of contact between the sensor and workpiece
as shown in Fig. (2).

Considerations for Design and Fabrication

Fig. (3) shows a general view of the probe and its main
components, with the possibility for mounting different styli and
changing the shanks to suite the mounting system on any machine
tocl. The design features for such sensors [1,4,6) concerning its
function are considered.

All styll have a threaded end allowing their interchange for
specific tasks. Most styli can be used on the probe using an
adaptor. Styli have the ability to be deflected in case of
overtravel beyond the contact position, for quick probing,
without stylus damage. Essentially, styli are fabricated in four
shapes (Ball, Square, disc and pin types) to cover the expected
applications as shown in Fig. (3.b).
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Fig.(3)

General! view for the designed Touch Sensor
and its components.




M. 20 Or. M.Y. Al-HAKKY

‘o
&0
B Ea'
I -
{2888 i = e L
{
. ¥ T s S,
43
as 6"6.
Ts r
—_t o — - — - —
l "
i ?W‘\._HE:LH
+ ax
70
&0 10 =
T e’
ey A e e = Ei -—
|
) ,_\—umus
SENSOR DEDENDUM
H&xﬁ.!—\ 3 a0 |
te
6— - o o =
A
3
4
1 20
M3x0.5 —
& I
—t—H - | —|——i0- -—
i -
2 3
mkﬂS—\
e
—1— - —1—15 SOR
7
248
za
4 a
_ T % _ufr&
6~
\—lﬂxUS
Fﬂ!”‘—\\
\ k4
He=—t—1
2 a4t J
®
==~ 3 1 ,7
— e = = E==mmets-; 1 By (SRR S
\mms
STYLI 2

TS
-
e
4 ! 3°
45 %
et
]
M12x1.75 I. l
R
! 15.75
2 HOLES ;
35 ¢ - A
— -I_ —1 5
i
l |
|
i 50
|
|
l
|
|
! 49
2-’ t T 6,45 ¢

SENSOR™
BODY




Mansoura Engingering Journal (MEJ}, Vol.19, No. 7, March 1994. M. 3

Applications

To check the applicability of the designed probe, it is
mounted on Slant Bed CNC Lathe in different position (chuck,

turret and tail-stock) to cover the practical applications.

Tool fosét

When a naumber of tools are being used, it is necessary
during the setting up stage to determine the position of the
cutting point of each teool in relation to the zero datums of the
work such that the tool offsets are sensed and stored in the
memory of the control unit. The sensor 1is wused in the
determination of the tool offset value.

Tools can be of different geometries, shape, and the length
of tools protruding from the tool poest can vary. It is therefore
obvious, that as the centre line of the tool holder will be at
a different position on the machine when the cutting point of
different tools is in contact with the same part of the work.
When the reference tool is mounted, the position of the centre
of the tool holder is taken as the check position. The difference
in the positions of the tool nose for different tools is referred
to as the tool offset and it will vary from one tool to another.
When a number of tools are being used, it is necessary during the
setting up stage to determine the position ¢f the cutting point
of each tool in relaticn to the zero datums of the work in order
that the teool offsets are sensed and stored in the memory of the
control unit. The sengor is mounted on the chuck. The touch off
cperaticen using a disc stylus can be performed in the two
directions X and Z for the three mounted tools on the turret
head, as shown in Fig. (4). The cobtained results from this test
are tabulated in Fig. (5) to show the tool file for the offset
calculations.
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Fig.{4) Determination of Tocl offs=et.
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Detection of tool wear

The sensor can be used for the determination of tool wear
(wear in nose and flank ). The sensor is mounted in the tail
stock using a disc stylus. The cutting tools are moved to perform
the touch .off operation with the sensor before machining and
after machining as shown in Fig. (6.a) and Fig. (6.b). The exact
coordinate values in X and Z direction were recorded from the
control unit. The difference in each direction before; and after
machining, can be considered as an indicating parameter for tool

wear .

E }3 the value of the L is the value of the
kool wear in tha T-axis tool wear In the X-axls
Birectlen. dlrection.

Toel wenr predictlion :
{a) before machinlng
(b) after machining

Fig.(6) Detection of Tool wear.
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Dimensional measurements

The sensor is used for measuring different dimensions of
workpieces. By mounting the sensor cn the turret and using a ball
stylus.

The turret is moved in the radial direction til) the LED
illuminates -~giving the indication that the senscor is touching-,
and the reading is taken from the control unit. This step is
repeated in the X or Z direction and by recording the coordinate
values in X or 2 directions. The required dimensicn of any
corponent is obtained within the degree of accuracy of the
control unit. See Fig. (7)

Fig.(7) Dimensional measurements.
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Concluding Remarks

From the present work, it is c¢lear that the simple
principle of the designed sensor was successfully applied
in the following practical, industrial applications:

1. Tool setting and teol offset and touch off process.
2. Detection of tool wear.

The sensors can be used as a measuring device to determine
the exact dimension and position of any test specimen on
the machine tool depending on the digitized read out of the
NC system.

As a further proposal for extending and developing this
design. The touch trigger probe may De connected
electrically by cable to the interface unit. Whenever the
stylus touches the specimen 1in any direction the probe
sends & signal to the M/C controller where this position of
the probe is recorded and the forward motion of the machine
component is stopped, hence the current coordinates of the
peint at contact are known. The proposed line sketch for
this application is shown in Fig. (8).
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Fig.(8) Interfacing the Touch Sensor with
CNC Sysiom.
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