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INTRODUCTION

Woodworking mills constantly ask blade manufacturers and researclatiaioes to improve the
service life of cutting edges.

An ongoing CRAFT Project named "Beltsaw blades quality improvethanks to a new tungsten
carbide coating sprayed by HVORhermal projection technique" explores new projection
techniques, through which hard metallic coatings are sprayed atgegd sn the cutting edges,
making them highly resistant to wearing

Within such project, our group is executing laboratory testing on dewvem@vative saw teeth
coatings, and the evaluation of benefits and drawbacks of each one ofsheaditional coating
with stellite.

The plain assessment of the actual service life of freshipeshad cutting edges (for instance, of a
band saw), would require no special equipment: a small set of stastisgon industrial band saw
machines would work well enough in order to obtain reliable data. Howfrepractical and
economical reasons, before whole band saws are manufactured and aestees of tests on
individual coated teeth needs to be performed, in order to evaluate which of the propbegd isoa
best suited to the required use; therefore we decided to perfotasth®n circular blades, carrying
just two teeth each, monitoring the progressive wear of the teatigdhbe cutting process, under
carefully controlled working conditions.

This paper describes the testing and measurement apparatus whitdehakesigned and built, in
order to perform the testing of the proposed new coatings.

THE MEASURING AND TESTING APPARATUS

The apparatus is composed by four main parts (see also Table 1 and the block diagrara i):Figur
» atest bench (TB)

» adata acquisition and processing system (DAPS)

» a marking and measuring bench (MMB)

» animage analysis system (IAS)
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Table 1 - Components of the testing and measuring apparatus

Test Bench - TB

A purpose-built circular sawing machine, featuringaplisk blades equipped
with two test-teeth; given lengths of wooden boards are sawn undeolisah

infeed and cutting speed, in order to obtain constant chip thickness. Harmful

vibrations are prevented by the machine design.

Data Acquisition
and Processing
System - DAPS

The above mentioned test bench is equipped with analogic sioeeel and

apparent power consumptidransducers, connected to a PC unit through a 12-

bit A/D interface. Software routines perform any required sigoquisition and
processing; data may then be examined through display (PC monitotdy (o
export-files. The information acquired can be used to give an indistichate
of the increasing wear of the test tooth in relation to the leofgitood cut by
its edge.

Marking and
Measuring Bench
- MMB

In order to perform a direct measurement of wear, as speaifit ifollowing
item, some reference marks have to be punched on the test-toothTiaises.

equipment makes precise, easy and safe the marking procedure byafhaans

Vickers puncher. The same bench is also used for a close examiniathu

edge conditions, performed through a microscopic video camera befofe and

after processing given lengths of wood.

Image Analysis
System - IAS

Images taken by the camera are digitally acquired and savedP@h Each
image include both the cutting edge (upper view and side view) an
reference marks. By means of CAD tools, the evolution in the gepwofethe
cutting edge (blunting) can be reconstructed trigonometrically.

d the

A direct measurement of the wear of the cutting edge, even thogghimg a time consuming
procedure (dismounting, measuring and remounting the blade), nevertheledegtbei analysis
with objective and absolute wear data, such as edggssion and dulling (see the following
paragraphs) required both for reference, and possibly for establishing qagtk@ocedures (e.g. in
order to establish limit-values for the related monitoring paramsetcquired by the DAP&ring
the test: by exceeding one of them the tooth would be considered as “blunt”).

Figure 1 - Schematics of the various steps involved in the testing
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THE TEST BENCH

The test bench (Figure 2) has been designed and built on purpose fes¢aich; its main features
are listed in Table 2.

Table 2 - Main features of the test bench

Concrete base, approx. 2000 kg heavy, supported by rubber vibration-damping blocks.

Structure, built up with H section bars strengthened by welded steel plates

Work top, made of 110 mm thick LVL

Electric motor (3 kW, variable speed controlled by a 3-phase inverter)

Triaxial dynamometric piezoelectric platform, to measure cutting fategag the sawing process

Variable speed feeder, with rubber rollers

Safety coverings and protections

Dust suction equipment

Control panel (infeed speed; motor speed; data acquisition system)

Figure 2 - The test bench
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Positive features of this sawing machine are:

e damping off harmful vibrations

e possibility of changing the position of the work top

« work top made of LVL, a material easy to process and modify if needed
* speed of motor and roller feeder accurately controlled .



The reasons of choosing two-teeth circular steel blades are mainly the following

e adisk requires no adjusting of variables such as blade tension (whitie, contrary, is needed
for gang saw and band saw blades)

e atwo-teeth blade is balanced, and at the same time requineg euthinimum length of wood
in order to obtain a measurable wear; furthermore, only one toothime as engaged in the
cutting process, minimising disturbances in the measurement of cutting forces

« the measured data are obtained from a real sawing processimat@ethey can be acquired
during the whole cutting operation.

DATA ACQUISITION AND PROCESSING SYSTEM

The forces exerted by the wood on the tooth are measured by thi&l gimamometric platforth
on which the motor is placed; in fact, the reaction to the cuttinge f&r measured, through the
motor. In order to minimise the inertia forces acting on it, theombas been kept as light as
possible, however some problems do arise from vibrations, as mentiorrest farthis paper. The
measuring system and the direction of reference axes are shown in Figure 3.

Figure 3 - Measuring system and directions of axes
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The apparent power absorption is measured continuously by the elecystein shat supplies
power to the motor and controls its speed, which is monitored by a laser pulse counter.

All the signals are fed into a computer aided acquisition systRith converts the data into the
digital domain and records them on hard disk.

* The dynamometric transducer is formed by two superposed stemhgies; four three-axial

piezoelectric transducers are placed between the two partshadaur corners. The piezoelectric
system averages the signals of the four transducers along x@achha force exerted on the
platform is therefore decomposed along three Cartesian perpendicegarand is not influenced by
the applied moments.



The system is equipped with a managing software created byphical programming for
instrumentation software package (LabVIEYY which controls an acquisition board (sampling rate
30 kHz) mounted on the computer

THE MARKING AND WEAR EVALUATION BENCH

For the measurement of wear we designed and built a bench, to adjusdld firmly the circular

saw-blade in the correct positions for the two following operations:

a) punching permanent marks on selected faces of each tooth; suchbeiagkshe reference
system against which recession and shape of the cutting edge may be measured

b) taking the images of the teeth, in order to analyse the wéae olitting edge after having sawn
given lengths of wood.

The marking system

Marking is performed with the indenter of a Vickers hardnessrieste with the point of a
pyramid-shaped diamond; thanks to such shape (square base, summit angke haék)with a
well visible centre can be obtained. The blade is mounted twice drettod: once vertically, so
that the clearance face of the tooth may be marked, and once hbmasntally, so that a lateral
face may be marked. For the lateral marking, the blade suppoouisted over a system of hinges
so it may be rotated along two axes, until the lateral fatieeatooth (rather than the blade plane) is
perfectly horizontal.

The rotation of an eccentric holder of the indenter makes it podsibiesplace the marking
diamond by given amounts, so that marks are precisely placed at the desired dmstamzpgeafrom
each other; the pattern of marks locates two orthogonal reference axes (sed Bic).

Figure 4 - The marking and measuring bench
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® The data are saved on hard disk under .bin format to economise spadatalban be read with

all the acquisition sets and operator comments, to be displayed, ppnbegssed and so on.
Furthermore the data can be saved under spreadsheet applicationtéobmatad and processed
with other software packages.



The image acquisition and analysis system

The same bench is also used for the close examination of theattjgons, performed before and
after processing given lengths of wood, by means of a video cameppedjwith a microscope
lens. The camera is mounted on a micrometrically adjustableaadmeeds no large displacements
when the blade is moved from vertical to horizontal position, since trervaaspart of the tooth
can be adjusted in the same location, thanks to the bench design.

Images are acquired through the CCD camera (570 lines resolut®mroaessed by means of an
image analyser (Quantimet 500), and finally are digitally dtogeometric measurements are then
performed on the recorded images by means of a CAD software.

The measurements of the shape of the cutting edge and of its eliftamcthe reference marks
defineits dulling (on the lateral face) and itscession (on the clearance face), as shown in Figure 5.
Initial measurements are made on the newly sharpened tooth; foxtlasurements are performed
on that same tooth at fixed intervals, after it has cut given leAgthsood chips.

Figure 5 - The reference marks on the tooth faces, for measaog dulling and
recession of the cutting edge
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EXPERIMENTAL DESIGN OF TESTS

Cutting tests should approach as much as possible the sawing conditions of a band shaugiven t
they are performed with a circular saw for the sake of economy and practidalifgas

Each disk blade carries two opposed teeth (see Figure 6), for atariaeasons; the same coating
is on both teeth, because a different wear resulting from tworettfecoatings could lead to
different chip thicknesses, and therefore to irregularities irctiting process, including wearing
conditions and cutting forces.

Disks are 400 mm in diameter and 3,5 mm thick, which ensure sufftiéfiness and "flywheel
effect” (compensating for the irregularity caused by the low nurabéeeth) during the cutting
process.

® E.g. measurements have been performed every 1000 metres of chipfeerstilite-tipped teeth
cutting Azobé I(ophira alata Banks - a very dense and abrasive wood also named EKki).



Rotation speed of the motor can range between approx. 0 and 3000 rpm; thef 180@ rpm has
been chosen, in order to obtain a cutting speed of 38 m/s with a 400 mm disk.

Infeed speed of the board, determined by the roller's speed and djaraptesinge between 2 and
33 m/min (other speeds can be obtained by changing gears or rollers); the value of 2 mbaanha
chosen, in order to obtain a maximum chip thickness of 0,56 mm.

The testing has been conceived so that the least possible amount a$ wasted; therefore a strip
as thin as 3 mm is sawn at every passage, in order to ensuféagnt safety distance between the
blade and the still guide, and b) sufficient thickness of wood on both cidbe blade, so to
reproduce a normal sawing process. Since the saw kerf is 4,5 ningas@og passage takes away
approximately 7,5 mm from the board width.

The thickness of boards is typically 60 mm, resulting in a chip heafZ0 mm which has been
estimated sufficient, in order that the heating of the cutting edgereproduce, at the cutting edge,
the conditions of a band-saw cutting a log.

The length of chip being 70 mm, and its thickness along the feedingiahrepproximately 0,56
mm, a total length of 1000 metres of cut chip is obtained with 14285 toathgess i.e. by sawing
from the boards several strips, totalling 8 meters length, or 3®fsolid wood.

The feeder rollers push the wood towards the blade direction over a segloflides, to minimise
friction.

Figure 6 - The two-teeth blade type used in the tests
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RESULTS

The wear tests have not yet been completed; however, all datarsogaaratings and results need
to be kept confidential, since they belong to the industries partiggpatio the CRAFT research
project.

The test bench
Thanks to the accurate design, all details of which were defineatebstarting the actual

construction work, since its initial tests the test bench has been fefficient, versatile, safe and
easy to modify or adapt to specific needs. The boards (even if makmbé, already cited as a



quite difficult wood) are easily engaged by the feeder and savwimowvisignificant vibrations or
other problems.

The data acquisition system

The recorded values of motor speed and of power absorbed during the saweess @are quite
accurate and reliable.

The forces developing between teeth and wood are measured by theepteizaiaxial platform:
although the high quality of transducers, amplifiers and cables prdvglesjuality and low-ripple
signals, some problems arise from the vibration of the platform-mass@mbly, which behaves like
a mass-spring systémSuch vibration generates an alternating force which is picked upeby t
platform, and adds to the force generated by the contact between tooth and wood; sibcatitie vi
has low decay rate, its damping time is longer than the inteetaleen two successive impacts of
teeth on wood, and the measurement of the true cutting forces is partially masked Iffestech e
The amplitude of the measured impulse (i.e. the first force péakedch impact) will therefore
result not exclusively from the force exerted on the saw byathid,tbut from the amplitude and
timing of the disturbing vibrations as well.

Figure 7 shows a sawing test on a 60 mm tick Azobé board. The ipgats (especially on the Z
axis) can be easily identified because of a) the abrupt charige wave-form and b) of the larger
amplitude of the wave' peak. Damping starts immediately dfterimpact, but the system's
vibration is still large when the following impact occurs.

Figure 7 - Sawing test obtained processing a 60 mm thick Azolb®ard with a stellite
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" The mass consists of the motor with its supports, the saw disk]|l @hé @mponents placed on
the platform (including the platform's upper part); the springsheeiezoelectric elements. The
natural frequencies of this system have been determined by recibsdimeg vibration after striking
the motor with a wooden hammer; frequency is 400 Hz along the Zvaxixal) and 250 Hz along
the X axis (horizontal).



Such disturbance interferes with the analysis of the cuttingdpgiace the presently recorded
values are insufficiently "clean” for successive proce&sigrther research is ongoing in order to
overcome this problem.

CONCLUSION

From the mechanical and processing point of view, the test benchoeesieere is easy and safe to
use, and fulfils the requirements of the wearing tests. The btadese quickly taken away and re-
mounted, significant lengths of wood can be processed rapidly and continlanglhe sawing
parameters can be easily adjusted to desired values, and monitored.

However, the bench also allows for collection of further data (poweswnption and cutting
forces) during a real sawing process. Data are recorded on a eosygiem and can be read again
(by a specific software) to be processed and compared; furthertineyecan be used to monitor
indirectly the wearing process in real time, and correlations meaestablished between wear and
the above mentioned processing parameters (power consumption and cutting forces).
Measurement of cutting forces is also possible, but is presestiyriaed by vibrations which
interfere with their analysis; further research is ongoing in order to overtasr@dblem.
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¢ Presently the X and Z components of the cutting forces are meéamuderecorded, such axes
being fixed with the test bench and the motor; in order to well s@ahe cutting process, force
components should be re-composed along a system of rotating axeal inidy the saw disk.
Such processing requires exact knowledge of instant values, synchraisetie disk angular
position, and cannot be performed until true force values are availabée,from vibration
disturbance.



