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Sensing and controlled cutting test by Nd:YAG Laser

( experimental verification of controlled stand-off to cut hull-cans )
Fujisawa Morio *, Hosoda Hiroshi*,
Nakamura Keijirou** , Kasal Takeshi**

Iwasaki Tadancbu ** and Numata Sinobu*
Abstract

This report describes the experimental results about the cutfing technology
by use of the torch with sensing and contreolling stand-off in laser cutting
process, in order to reduce the volume of surplus hull-cans which occur in the
hull waste treatment facility (HWTF).

The cutting system mainly constructs of the same slab-type Nd:YAG laser
oscillator with an average power of 1kW and the multi-axis robot as the system
used in the cutting test last year.

The equipment which can keep stand-off constant by height-sensing and
controlling mechanics was added to the torch handled by the robot. A capacitive
measuring sensor was selected from several kinds of height-measuring sensors.

Sensing and controlling mechanism was verified to bended stainless steel
samples and other samples with step Umm by use of the improved torch tip.

This torch was applied to actual cutting test. It was clarified that the
cover of the hull-can which be very difficultly cut could be cut.

It is proposed that the Nd:YAG laser system is available to HWTF.

« This work was performed under the contract between Power Reacter and Nuclear
Fuel Development Corporation{PNC) and Fuji Electric Co., Ltd.

+ Contract Number : 0 7T—C—-8 150

« PNC Liaison : Waste Plants Operation Division Kurakata Kouitirou

®*  Fuji Electric Co.,Ltd., Nuclear Power Division, Plant Engineering Depart.

*#% Fuji Electric Corporate R.& D., Ltd, Products Development Laboratory.
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precitec

Lasermatic® Z

The cutting head K52 is used for the distance control-
led 3D-cutting of thin sheets with Nd:YAG-lasers. It has
been worked out precisely, it is rugged, easy to main-
tain and to adjust.

The cutting head K52 sets to a standard with two focal
lengths as a future orientated, economical solution for
the cutting with Nd:YAG-lasers. The componenis of the
modular cutting head can easily be combined and
completed, and can cheaply be adjusted to customer
specific applications.

A low weight and an optimum slim design are the spe-
cific constructional features of the cutting head K52.
The position of the 1ool center point (orifice of the nozz-
le electrode) is not changed when changing the axial
focal position. All adjustments can easily be effected
from the outside.

01.09,94 -1

Lasermatic® Z

Cutting Head K52

3D-cutting with Nd:YAG-lasers
especlally slim design

low weight

iens diameter up to 52 mm

focal lengths of 80 mm and 120 mm

vertical and horizontal lens adjustment
with unchanged tool centre point

small measuring spot
other versions on request

The cutting head K52 Is operated with the Lasermnatic® Z
electronics.

For the configuration of a distance control circuit, the
following Lasermatic® Z system components are
recommended:

- sensor box 311

- adjust box EG 315

- motor controller M 825
- axis C30

We will be pleased to send you further technical infor-
mation about these products on request.

prectec GmbH, Draisstr.1, D-76571 Gaggenau-Bad Rotenfels, Germany, Phone: {0)7225-684 - 0, Fax: (0)7225-684 - 900
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Lasermatic®Z
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0,

)
s

Lo

&

G

locking ring AK K52 for C30

1

adapter AK K52

connector head AK K52

——

tens holder D 50 AK K52-80
80 mm folml longth

sensor insert AK K52-80
80 mm focai length

w T

union nut kI AK K52-80
for nozzle elactrode
conical cylindrical

nozzle electrode AKK 52-80
conical cylindrical

T
lens holder DSO AK K52-120 graticule AK K52

120 mm fcf:al length

maounting tool
lens holder AK K52

sensor inseAK K52—‘i20
120 mm focal length

union nut ki AK K52-120

for nozzle efectrode
conleal cylindéical

nozzie electrode AK K52-80
conical cylindrical

precitec GmbH, Draisstr.1, D-76571 Gaggenau-Bad Roterfels, Germany, Phone: {0)7225-684 - 0, Fax: (0)7225-664 - 900
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Lasermatic® Z

Connector Head with Focusing Optles

The cutting head K52 is mounted into the beam path behind
the collimator. The basic par is the connector head with the
lens mount and the focusing lens, Lanses with a diamater of
up to 52 mm can be used. The cantring of the lens Is made
with 4 screws which are positioned crosswise. The centring
range is £ 1 mm in both directions. The vertical focal position
can be changed by displacing the lens with the_lens mount
between -4 mm and +5 mm. If requested, the lens mounts
can be adapted to spscific lens diameters. The optionally
available mounting tool enables an easy exchange by
keeping the cantring after having opened the cutting head.

For the opening, the sensor insert must be unscrewed below
the connector head. Thus the protective glass is also acces-
sible which can easily be removed from the sensor insert for
cleaning and exchanging purposes. The adjustments of the
lens and of the cutting head are not affected in this case.

Nozzle Body and Accessorles

Corresponding to the focal length of the focusing lens, an
appropriate lens mount and an appropriale sensor insert
must ba used. As per standard, those components are offe-
red for 80 mm and 120 rmm focal lengths.

For each sensor insert, two differant nozzle electredes are
available with appropriate union nuts which can ba used
alternatively. Tha available designs of the nozzle electrode

01.08.84 .3

and the diametars of the cylindrical nozzle (orilice of tha
nozzle slectrode) can be seen in the ordering information.

Cutting Gas

The cufting gas feed and the connecting socket for the slec-
trode cable are positioned directly at the connector head.

Simultanaously the lens and the protective glass are cooled
by the cutting gas. A pressura compensation between the top
and the bottom side of the proteclive glass reduces its load
s0 that - compared with conventional cutting heads without a
pressure compensation - decisively thinner protactive glas-
ses can be used.

Connecting Possiblilities

A fastening to a customer specific connecting flange at the
laser tube or collimater is possible via 4 M4 borings in the
connsctor head.

Alernatively, the connecting adaptors AK K52 with the fema-
le threads M58x1 or M58x0.5 are available.

The connecting borings and the connecting thread can be
changed according to customer’s requests.

The clamping ring AK K52 C30 which is fixed from the outsi-
de onto the connecting adaptor enables the adaptation to the
pracitec axis C30.

Cuitting Head K52:

80/K52

Focal fangth 80 mm
Lens diameter 50 mm
Free aperiure, max. 48 mm
Nozzle standoff distance z,

recommended 0.3...5 mm

possible" 0.3...10 mm
Measuring spot radius (z_ = 1 mm)? 2mm
Lateral sensitivity (z, = 1 mm)® 2 mm
Measuring resolution® <0.01 mm

120/K52

120 mm
50 mm
48 mm

0.3..5 mm
0.3...10 mm

2mm
2mm
<0.01 mm

Fixing dimensions
Connector head AK K52, intarnal thread
Cutting gas connection
Pressure rataining strength
Connector for sensor cable
Adjusting range:

harizontal

vertical (max.)
Length, axial®
Mass
Opsrating temperature

L]

Ll

of 0.1 mm.
4
]

In the recommended nozzle standslf distance range.
Axial length from the nozzle tip to the upper edge of the connector head in the standard configuration and with the vertical adjustment in zero posifion,

4 x M4, 873 mm, depth 5 mm
M58x1 or M58x0.5

Ms

20 bar

MCX

+1mm
-4,..+5mm

approx. 1.1 kg
10...80°C

4 x M4, @73 mm, depth 5 mm
M58x1 aor M38x0.5

Ms

20 bar

MCX

1mm
«4...+5mm

approx. 1.1 kg
10...80°C

Deviations from the recommended nozzle standoff distancs require an adjustment of the loop amplification.
The measuring spot radius is the distance beween the tanter of the nozzle (TCP) and the workpiece adge which shows a disiance reduction of 0.1 mm.
The lateral sensitivily is the distance between the conter of the nozzte (TCP) and an obstade with an inclination of 45° which shows a gistance increase

precitec GmbH, Draisstr.1, D-76571 Gaggenau-Bad Rotenfels, Germany, Phone: (0)7225-684 - 0, Fax: (0)7225-684 - 900
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Compatibltity

The cutting head K52 is compalible to any unit of the
Lasermatic® Z system electronics.

Sarvice
For the cutting head K52, customer specific adaptations for

the lens mount, the nozzle body and for the connecting
adaptor are offered.

‘Otdering Data
Designation QOrder Number

CUtting Aead K2

Cutting Head 80/K52  Cutting Head 120/K52

focal length 80 mm focal length 120 mm
lens 850 mm lans 250 mm

Nozzle electrode AK K52 conical, cylindrical nozzle
3 pisces per package, max. nozzle diameter 61,5 mm

nozzle:

P 5

281242 281217

i KK et
Nozzle electrode AK K52 cylindrical, cylindrical nozzle
3 pleces per package, max. nozzle diameter @3 mm

nozzle:
#1.5 mm 281245 281218
Union nut kl AK K52 for nozzle electrode, cylindrical 281244 281216

Accessories
Mounting tool AK K52 for lans holder 281213 281213
Graticule AK K52 281219 281219
Adapter AK K52 for collimator

internal thread:

M58x1 281211 . 281211
MEBx0.5 281238 281238
Locking ring AK K52 for C30 281246 281246
Lens AK K52 f=80mm 284265
Lens AKKS2 f= 120 mm - 281266
Protection glass AK K52 281265 281265

G grey underlayed: standard contiguration

Subject to change without notice

precitec GmbH, Draisstr.1, D-76571 Gaggenau-Bad Rotenfels, Gemmany, Phone: (0)7225-684 - 0, Fax: (0)7225-684 - 200
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0.70 mmi
0.69 mm

nom. clearance: -
acl clagrancs:
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Lasermatic® Z

Motor Controller M 825
with Remote Control 301

© precise distance control of
Lasermatic® Z cutting heads

© easy adjustment possibilitles via remote control

© fault signals in case of collislon, cable
breakage or exceeding of the measuring range

® Interface for CNC-connectlon
easy Installation and fast commissioning
driving of DC-brush motors of upto 30V /5 A

] MOTOR CONTROL UN1T 825 ]
[}
o =t — o SIS
L (TN TR 0 me
0 & :.ﬂ.‘:.... g @?‘-&‘v
9 = o o
g_‘_ g e...
° — —
j b i [E5E i - | e | S
o =] N Ir=) [=) o =] [ olo o .

When laser beam cutting, deviations of the distance
between the nozzle and the material surface which are
caused e.g. by workpiece or position tolerances, may
have an unfavourable effect on the cutting result.

The Lasermatic® Z enables a precise distance control
with a high cutting speed. The distance to the workpie-
ce is detected by a capacilive distance sensor in the
cutting head. The sensor signai is transmitted to the
motor controller M 825 which evaluates the signal. The
output signal can then be used for controlling an axis.

By means of the remote control 301, the parameter
input and the operation of the motor controller can be
effected. important position values and operating data
are indicated on a LCD-display and are an important
aid, e.g. when manually moving the cutting head.

The sensor unit which is integrated into the motor con-
troller M 825 is able to detect even very small capacity
changes. Thus it enables a distance measurement with
a very good resoiution. The measuring signal is digiti-

sed, linearised and transmitted to a digital PID-control-
ler. DC-brush motors of up to 30 V / 5 A can be control-
led by the motor controller M 825.

A connection to a CNC-contraller is possible via an
integral interface with electric isolation.

For the configuration of a distance control circuit for
laser beam cutling, the following Lasermatic® Z system
components are recommended:

- Lasermatic® Z cutting heads
- axes C30, C100 or C200

We will be pleased te send you further technical infor-
mation about these products on request. _

precitec GmbH, Draisstr.1, D-76571 Gaggenau-Bad Rotenfels, Germany, Phone: (0)7225-684 - 0, Fax: (0)7225-684 - 900
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:..Motor. Controllef ‘M 825 with' Remote Control 301

Inputs and Outputs ...

cutting head axls

\ AY

*O— distanca, 0...10 V, FI.=1 kQ A —_—

& nozzie standoff distance, 0...10V, A= 2kQA -
——E-——-" nozzle standoff distance (] -
————® | nozzle standoff distance 2 s -

—® | nozzle standolf distance 3

|

= | automatic’

=" | move to programmed position

8 ‘
s
ramol;uiontrol = | manvalup - s - - CNC
—b- manual down S -
——im—g | low speed s -
B S position reached Y

~&—— | collision
- | far
4—- upper stroke limit
-——— | lower stroke limit
-1——— system fault

wwnonwmny

motor controlier M 825 A: analogue voltage

S: swilch signal, 24 V, 20mA

- Motor Controller. M 82

laser
beam

axis
driva

Lasermatic® Z [—']

cutting head

lectiroda cable " ,,wnsorcabh
BNC-coupler  ~~ fax, 20m

e -
T
ﬁlqﬂucu

’ CNC-
- controller

wor

precitec GmbH, Draisstr.1, D-76571 Gaggenau-Bad Rotenfels, Germany, Phone: (0)7225-684 - G, Fax: (0)7225-684 - 500
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Lasermatic®Z

System Description

The Lasemmnatic® Z motor controlier M 825 together
with a Lasermatic® Z cutting head and a precitec axis
allow to construct a control circuit which controls the
distance between the cutting nozzle and the workpiece
surface to a fixed nozzle standoff distance z,.

The Lasermatic® Z cutting heads are equipped with a
capagcitive distance sensor which is directly connected
to the sensor unit of the motor controller M 825 via the
electrode cable and the sensor cable.

Distances between 0.1 mm and 10 mm can be measu-
red with a resolution of 0.1% of the upper range fimit. In
order 1o control the measuring range limils, the adju-
sting range for the nozzle standotf distance has been
limited to 0.3... 9.7 mm. The temperature drift of the
sensor is, e.q. with the cutting head 2.5"CM/MG, less
than 0.05 % / K of the upper range limit, resp. a maxi-
mum of 1.4 pm/K with 1 mm nozzle standoff distance.

The distance signal is linearised and compared to the
- preadjusted value off the nozzle standoff distance. The

resulting control signal is internally transmitted to the -

motor amplifier which can drive DC-brush motors of up
10 30 V/ 5 A. The motor controller M 825 is equipped
with evaluation possibiiities for the position transducer,
the tachometer and the limit switches. Digital P!D-con-
trollers enable an easy optimisation of the control
dynamics. Alternatively an IxR-compensation is avaita-
bie. - .

The n;olor controiler M 825 is programmed with the
optionally available remote control 301.

Three different working distances between 0.3 mm and
9.7 mm can be preadjusted in 0.1 mm steps which can
be switched over between one another accarding to
the working situation. The working distance (nominal
clearance} and the actual distance {actual clearance)
are displayed on the remote control. Thus, the remote
control offers simultaneously a practical aid when
manually moving and positioning the axis.

If the distance of the nozzie electrode corresponds to
the preselected nozzie standoff distance, position rea-
ched is displayed on the remote control. If it is out of
the measuring range, far is displayed.

The moving speed of the motor drive is also adjusted
via the remote control. An additional slow mode is also
available.

The Lasermatic® Z is able to detect a collision of the
nozzle electrode 1o release a stopping of the motor
drive or an escape movement. To suppress the reac-
lions to material spatters, the escape movement can

010994 -3

be delayed. The delay time may be a maximum of
1020 ms. It can be adjusted in a step width of 4 ms via
the remote control. For different working situations, dif-
ferent delay times can be preselected.

CNC-Connection

The motor controlfer M 825 can be connected to a
CNC-controller via a remote interface with an electric
isolation. The transmission is effected with 24 V / 20 mA
switch signals. Additionally, two analogue signals
(0...10) are transmitted. One of them transmits the
actual distance to the CNGC, the other one is used o
adjust the nozzle standoff distance by the CNC-con-
troller.

Calibration of the Distance Sensor

As, due to the measuring principle, different cutting
heads have different non-lingar characteristics, the
motor controfler M 825 offers in combination with the
remote control 301 the possibilily of calibrating and
memorising up to 55 characteristics. At any time, the
characteristics can be deleted or overwritien.

The calibration process and the characteristic admini-
stration are supported by the remote control 301. With
the exception of the movement to the reference points,
it is an automatic process.

Cable Connections

For the signal transmission between the cutting head
and the motor controller M 825, highly flexible cables
are available with a flectional resistance of more than
500 000 cycles. The minimum bending radius is 30
mim. For the conneclion, a short electrode cable and a
long sensor cable are necessary. Both cables are inter-
connecled via a BNC-coupier. The coupler can be
tastened to the machine by means of a mounting
angle. Thus the electrode cable which is directly
connected to the cutling head can easily be exchanged
as a wearing parnt, whereas the sensor cable can be
integrated into the machine.

When using sensor cables of less than 10 m, an optio-
nal adaptor for short cables must be connecled to the
clearance adjust box.

precitec GmbH, Draisstr.1, D-76571 Gaggenau-Bad Rotentels, Germany, Phone: (0)7225-684 - 0, Fax: (0)7225-684 - 900
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Technical Data

"“Motof Controlier:M 825 with ‘Remote Contr.

Motor controlier M 825
Measuring range 0.1...10 mm

Resolution typ. 0.1% of the upper range limit
Frequency range 0...100 Hz

Controllar digital position controller with 1 ms cycle
time, PID-parameters can be configurad
Supply voltage 230V, 2A, 50Hz
115V, 3,15 A, 60 Hz

Dimensions of the 19" rack (bxhxd) 483 mm x 129,5 mm x 265 mm

Mass approx. 8 kg

Connections for the motor drive : -

DC-brush moter

nominal voltage, DC 30 V, max.
nominal current, DG 5 A, max.
pulse 125 A

Speed feedback tachometer or IxR compensation

Displacement transducer LVDT

Limit switches upper, iower, center

Remote control 301

Intarface RS 232 C, 9-pol. Sub-D pin connactor

Mass 0.3 kg, without connecting cable

Dimensions (bxhxd) 99 mm x 26 mm x 210 mm

‘Ordering Data Motor Controller M 825 with:Ren

Deslignation Ordering Number

‘Electrode cable Z
length:

280994
281027
280028

808

281078
Spare parts
19" rack M 825 281201
Sensor-unit 280833
uC-unit 281199
/Q-unit 281200
Motor amplifier 280599
Motor matching 280600
Power supply ' 280601
# grey underlayed: standard configuration Connecting cables for the CNC do not belong to the scope of supply.

Subject to change without notice

precitec GmbH, Draissir.1, D-76571 Gaggenau-Bad Rotenfels, Germany, Phone: (0)7225-684 - 0, Fax: (0)7225-684 - 200

- (8)



precitec

Axes

The C30 axis enables the sensor controlled fine cor-
rection of the distance between the cutting head and
the workpiece in robots and flat-bed machines for the
compensation of dimensional deviations of the work-
pieces or position {olerances in the direction of the
laser beam axis.

In combination with the precitec motor controllers
M 751 or M 825, the C30 axis can be operated inde-
pendently of the CNC-machine controller.

The C30 axis is equipped with a slide construction with
a ball bearing spindle drive and a displacement trans-
ducer (LVDT). The spindle is driven via a toothed belt
by a 24 V DC-motor whose rotational speed is detec-
ted by a tachometer generator. Due to the integral dis-
placement transducer, the position of the axis can be
monitored during the machining process.

The motor drive is mounted to the machine by means
of four mounting borings. Additional set borings enable

01.09.84 -1

Axis C30

® 30 mm stroke

high dynamics

@ Increase of the machine flexibility
and reduced programming time

an exact fixing.

For the connection of the cutting head, four thread
borings (M4} are provided. Adapters for the
Lasermatic® and the Lasermatic® Z cutting heads are
attached.

Ditterent mounting positions are provided by the 4
thread borings (M8x8) each in the back and side plate.
The cutting head can be screwed to a tlange with a
connecting thread of M40x1.

Lasermatic® and Lasermatic® Z Systern Accessories:

- cutting heads
- motor controllers

We will be pleased to send you further fechnical infor-
mation about these producis on request.

precitec GmbH, Draisstr.1, D-76571 Gaggenau-Bad Rotenfels, Germany, Phone: {0)7225-684 - 0, Fax: (0)7225-684 - 900
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Dimensions: TechnicaliDa
Stroke +15 mm
90 160.5 Carrying power 35N
22,5 . 62
) Dynamics, operating load £ 3 k
[ W R 3 '_'—‘ y P g g
‘F’ - P max, speed, up or down approx. 300 mm/s
max. acceleration approx. 10 m/s?
] 5 o Motor drive
- - DC-motor with tachorneter
nominal voitage 42V DpC
neminal current 23A
w1
- Tachometer .
Tachometer constant .52 V /1000 rpm
Displacement transducer
operaling voltage 18V
output voltage SV..46V
M5 -6 tief (2x) with £15 mm stroke
linearity +0.3 %
590,01 Protective class IP 80
Fixing dimensions 4 x M5, depth of
' engagement & mm
Mass 1.8 kg
Dimensions (BxHxT) 90 mm x 153 mm
x 62 mm

Note:

For demonstrating the mounting position of the precitec cutting heads, the
S'KN/MG is exemplarily shown. It is notincluded in the scope of supply of
the C30 axis,

Designation Order Number
Axis C30 280966
Connecting cable C30: length 5m 281120
’ length 10m i 281118
length 20 m 281118
length30m 281121

Subject to change without notice

precitec GmbH, Draisstr.1, D-76571 Gaggenau-Bad Rolenfels, Germany, Phone: (0)7225-684 - 0, Fax: (0)7225-684 - 800
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Temperature (°C)
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