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The Effect of The rmal Treatment of Birch Wood on the
Cutting Power of Plain  Milling

Monika Kvietkova

This article deals with cutting power during the plane milling of thermally
treated and untreated silver birch (Betula pendula Roth.) wood. Thermal
treatment was carried out at various temperatures of 160, 180, 210, and
240 °C. The -cutting power was measured under various milling
conditions, such as rake angle of tool (10°, 15°, 20°, 25° and 30°),
cutting speed (20, 40, and 60 m/s), and feed speed (4, 8, and 11 m/min).
Thermal treatment had no clear impact on the cutting power. Treated
wood at 160 and 180 °C had lower values of cutting power in comparison
with untreated wood, while the opposite trend was observed at 210 and
240 °C. The results show that with increasing speed feed, there is an
increase in cutting power, while the opposite effect was achieved by
changing the cutting speed. The optimum values of cutting power were
achieved at a 10° angle and a thermal treatment of 160 °C.
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INTRODUCTION

Price and guality are the basic criteria acording to which a given product is
evauated, nd only for manufacturers, bu also for the consumer. In generd, alower price
Is more desirable. For manufacturers, alower priceindicaes easier and faster production.

Knowledge of the cutting pover or overdl power consumption for a given
madhine type is crucia for the determination d production costs The goal of ead
producer is to reduce the cost of production to a minimum, so even this partial expense
(the energy consumption d the madiinery) has an impad on the overdl value of the
product. Therefore, the appropriate seledion d cutting tod material, anguar geometry of
the cutting edge, and opimum cutting condtions, help to reduce these costs Cutting
power is an important parameter for macinery, mostly in terms of energy intensity,
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lignin, and hemicdlulose thermmal degradation because of elevated temperaures in the
range of 150to 260°C (Kacikova and Kacik 2011).

Themally modified woodis easier to madine (both manually and medanicdly)
and hes snoather cut area (Kvietkova et al. 20158 because of the decreae in strength
caused by hgher temperaures. A paential problem is the generdion d fine dust, which
must be trapped in speaad filters to prevent the contamination o the working
environment and hedth problems of the operaors, and eventualy dustinhalation. Milli ng
is undouledly ore of the most frequently used processing methods. Milli ng is a type of
chip machining method (Vasilko 2007. The chip thickness ranges from zer to cettain
maximum values. Chip thickness below a cettain value reduces the milli ng cutter yield
cgpadty and causes premature wear of the blade. The maximum chip thickness is
determined by the protuberance of the cutting Hade from the cutting head.

Milli ng is based on the gradual removal of the madined piece materia by a
multi-wedge tod. This removal method uili zes a form of chip, and the main movement
is rotation performed by the tod (milli ng cutter). The feeding movement is cariied ou by
either the pieceor the tod, usualy in the diredion perpendicular to the tod axis. Usually,
the milli ng cutters are tods with various cutting edges of many shapes rotating around
their axes during the operaion, as oppased to cutting the chips with their cutting edges by
the mutual shift of the tod against the piece(Lisi¢an 1996). Efficient milling processes
can be cariied ou only uncer a predetermined macdining condtion. These condtions are
mainly related to the corred determination d the cutting speed with resped to the type of
todl, feed pertooth, workpiecequality, and duability of the blade (Kocman and Prokop
2001).

This work focused onthe influence of thermal treament and varous paraneters
on cutting paver during the plane milling d birch wood. Thermal treament was cariied
out at four temperaures (160, 180, 210and 240 T), and the results werecompared with
those of untreaed wood. Milli ng was cariied ou at cutting speeds of 20, 40,and 60m/s
feed spedls of 4, 8,and 11 m/min, and with tod rake angles of 10°, 15°, 20°, 25°nd
30°.

EXPERIMENTAL

Materials

Fifty-five-yearold silver birch (Betula pendua Roth.) trees harvested from the
central region o the Czech Republic, near Kostelec nad Cernymi lesy, were used in this
study. The zones seleded for sample prepardion werecut from the midd e parts, between
the pith and bark. Samples. without defects. with dimens<ions of 40 mm % 100 mm % 500
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Procedure
Thermal treatment

Birch samples were placed on a metal grate and subsequently placel into the
themmal chamber model S40003 (LAC Ltd., Czed Repulic). The themal treament was
cariied ou uncer spedfic condtions in three phases (Tables 1 and 2 for ead fina
temperaure acording to ThermoWood® processdeveloped by VTT, Finland.

Table 1. Thermal Treatment

Thermal Treatment Descri ption
Drying and simultaneous heating of the wood to the desired final
I. Phase temperatures of 160, 180, 210, and 240 °C using steam as a protective
vapor.
Il. Phase The desired temperature maintained for the specified time (5h).
IIl. Phase Cooling the chamber and wood samples to 40 °C. The wood was re-

moisturized in order to achieve the end-use moisture (5 to 7 %).

Table 2. Duration of Thermal Treatment

, , Thermal Treatment
TS;%ueIrraet(ljJ:alrancl:) I. Phase Il. Phase Ill. Phase Total Time
(h) (h) (h) (h)
160 4.0 5.0 2.0 11.0
180 5.0 5.0 2.5 12.5
210 6.0 5.0 3.0 14.0
240 7.0 5.0 3.5 15.5

After thermal treament, the samples werecondtioned (¢ = 65+ 3% andt = 20+
2 °C) for three weeks. Before experiments, al samples were macdiined to their final
thickness (25 mm) using a DHM 63(P thickness planer (Holzmann, Gemany). Native
and themally-modified samples with final dimensions of 25 mm x 100 mm x 500 mm
were prepared for the plane milling pocess Thema treament was cariied ou in the
same mannerasin previouswork by Kvietkovaet al. (2015, b).

Plane milli ng

Peripherd plane milling was cariied ou using a one-spinde lower cutter FVS
3470(Ligmet, Czet Repulic) with an STEFF 2034feeding system (Maggi Techndogy,
Italy). Two-blade cutter heads (@ 130 mm) with five types of exchangeable knives (at
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Cutting paver measurement

The power consumption was recrded using a digital power meter Ml 2392
PowerQ Plus (Metrel d.d., Slovenia), bah in idling and cutting condtions, and
subsequently processed in a computer using software PowerQ Link 2.1. The measured
values, recorded within 1-s intervals (1024 \adlues measured per sewnd) were then
avergged. Avergye cutting paver was the value of the complete eledricd cutting paver
correded bytheidling paver.

Evaluation and Calculation

The influence of the investigated factors on cutting paver was statisticdly
evauated using analysis of varance (ANOVA), primarily by Fisher’s F-test, using
Statistica 12 software(Statsoft Inc., USA).

The density of the wood tefore and after treament was cdculated acoording to
SO 130612 2014and Eq. 1,

. m _m
pw_aw*bw*lw VW (1)

wherepw is the density of the test sample at a cettain moisture content w (kg/m®); my is
the mass (weight) of the test sample at a cettain moisture content w (kg); aw, bw, and lw
arethe dimensions of the test sample at a ceitain moisture content w (m); and Vw is the
volume of the test sample at a ceitain moisture content w (m?).

The moisture content of the samples was determined acording to 1SO 130611
(2014 and Eq. 2,

w="%" 100 )
m,

where w is the moisture content of the sample (%); mw is the mass (weight) of the test
sample at a ceitain moisture content w (kg); and o is the mass (weight) of the oven-dry
test sample (kg).

Drying to an oven-dry state was also cariied ou acording to 1SO 130611
(20149.

RESULTS AND DISCUSSION

Table 4 contains a statisticd evaluation o bah the impad of the individual
factors and the simultanecus interaction of all the factors. Ba<ed on the <ianificance level
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increased lrittleness and therebre its resistance to the penetration d tod is lower.
Probable cause neaty the same cutting paver can be foundin ou milling condtions, it
was used because of a constant feed speead as well as the cutting depth. This caused that

the effed of increasing cutting speed was subdued.

Table 4. Effect of Factors on Cutting Power According to ANOVA Analysis

Intercept 482927452 1 482927452 | 654101.3 0.001
Cutting speed 6104 2 3052 4.1 0.016
Feed speed 130176 2 65088 88.2 0.001
Treatment temperature 3261989 4 815497 1104.6 0.001
Rake angle 17400975 4 4350244 5892.2 0.001
Cutting speed x Feed
speed x Rake angle x 880124 64 13752 18.6 0.001
Treatment temperature
Error 996714.28 1350 738.30
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Fig. 1. 95% confidence interval showing the influence of cutting speed on cutting power

The data in Fig. 2 show that increaing the rake angle equally increased the
cittina nower 1in ta 25° after which the ciittind naower decrea<ed 1n aeneral the increac<e
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cutting paver value. This well-known fact has aso been confirmed by dher authors such
as Marthy and Cismaru (2009, Bardk et al. (2010), Mandi¢ et al. (2010), and Racasan
and Ispas (2015.
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Fig. 2. 95% confidence interval showing the influence of rake angle on cutting power
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(Mandic¢ et al. 201Q Kollmann and Cote 2012. This fact confirms the results of authors
such as Wilkowski et al. (2011) and Mandi¢ et al. (2010. For example, Kivimaa (1950
founda locd maximum of the cutting paver at moisture content abou 9%. Therefore,
valying moisture content shoud be a probable cause of differences in cutting powver for
wood modified at various temperaures. It would be interesting to study hav the moisture
Is distributed duing milling d themmally treated wood at different temperéures.
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Figures 5to 7 show the effeds of all factors on the cutting powver for individual
cutting speels of 20, 40,and 60m/s. As can be seen from the individua curves, it is
difficult to determine the definitive manner of the cutting power, depending on the
examined factors. Thermally modified birch wood achieved an increase in cutting pover
due to the increae in feed speed and rake angle, while cutting speed had the least
significant effed. Themally modified wood had a similar nature at individual
temperdures, and even at the individual factors.

CONCLUSIONS

1. Thema treament had an important influence on cutting pover during the plane
milling d birch wood bu its manner was ambiguots.

2. The highest values of cutting paver during the plane milling d themmally modified
birch wood were achieved when wsing a tod with a rake angle of 25° while at
unmodified wood the highest values were acieved when wsing a tod with a rake
angle of 30°. In generd, rake angles of 10° and 15° yelded the lowest values of
cutting paver, bu in some case, the lowest values wereachieved at 30°.

3. Therewas an increase in the cutting paver of plane milling when the feed speed was
increased.

4. Anincreasein the cutting speed had a statisticaly significant influence onthe cutting
power, althoughthe differences between individual cutting speeds weresall.
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