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Tiivistelma

Tiéssd tutkimuksessa on mitattu kolmen tirindnvaimentimella varus-
tetun sahan tdrind kidytdnndn tydvaiheissa: kaadossa, karsinnassa ja kat-
konnassa. Tirind mitattiin erikseen etu- ja takakddensijasta, saman-
aikaisesti kolmessa toisiaan vastaan kohtisuorassa suunnassa. Mittaus-
tulokset rekisterditiin mittausmagnetofonilla. Naytteistd tehtiin taa-
juusanalyysi sekd b4- etti !/i-oktaaveittain. Muuttuvasta amplitudista
otettiin ndyte 10 kertaa sekunnissa. Naytteet ryhmiteltiin 10 ryh-
midn, joiden perusteella laskettiin tehollisen kiihtyvyysamplitudin
nelidllinen keskiarvo. Samoista niytteisti saatiin myds eri taajuuksilla
ilmenevin tirindn suhteellinen kestoaika kaadon ja karsinnan seka
katkonnan aikana.

Etu- ja takakidensijoista epiedullisimmissa suunnissa todetut kiih-
tyvyydet on esitetty piirroksissa, joihin on vedetty tshekkoslovakialai-
sen tdrisevien tydkalujen kiyttod koskevien ohjeiden mukaiset raja-
viivat. '

Tutkimuksen ja em. rajaviivojen perusteella voidaan piitelld, ettd
yhti tutkituista sahoista voidaan kiyttdd n. 45 min tydjaksoissa, toista
n. 30 min ty&jaksoissa ja kolmas tuskin sopisi etukidensijassa ilmen-
neen voimakkaan tdrinin vuocksi ammattimaiseen kiyttoon.

Mittaustulokset poikkesivat toisistaan koetta uusittaessa 0. ..
+ 14 %.

Sahoja, joissa tdrind on parhaiten vaimennettu on timin tutki-
muksen ja em. ohjeen perusteella mahdollista kiyttid nykyisin lihes
yleisti tauotusta noudattaen. Sen sijaan kaikki tirinin vaimentimella
varustetut sahat eivdt ole ammattimaiseen kiytt6on tirinin puolesta
sopivia. .

Summary

In the experiment we have measured the vibration of three chain
saws, which were equiped with vibration dampers, in the working
steps of practice; felling, limbing, and bucking. The vibration was
measured separately from the front and rear handles, simultaneously
in three directions, perpendicular to each other. The results were
registered by an instrumentation tape recorder. A frequency analysis
was made both in third octave and whole octave bands. From the
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changing amplitude a sample was taken ten times per second. The
samples were devided into ten categories, on the basis of which the
RMS-value of the actual acceleration amplitude was calculated. Also
from the same samples, a relative duration of the vibration, which
appear in different frequencies during felling and limbing, and as
well bucking, was achieved. :

The acceleration in front and rear handles, in the most harmful
directions, are shown in the figures, where the borderlines cotrespond
to the Czechoslovakian regulations on the vibrating tools.

On the basis of the experiment and the borderlines mentioned
before, we can conclude that one of the saws studied could be used
in working periods of about 45 minutes, the second in working
periods of about 30 minutes, and the third is hardly suitable for
professional work because of a strong vibration in the front handle.

The results vatied from 0 to = 14 % when the test was repeated
a couple of times.

According to this experiment and the bordetlines mentioned before,
saws where the vibration has been damped to the lowest amount,
can be used with the present system of breaks, while just every saw
equiped with vibration dampers does not fit into professional work
simply due to its vibration.
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MENETELMA MOOTTORISAHAN TARINAN MITTAAMISEKSI
JA TULOSTEN ARVOSTELEMISEKSI

Johdanto

Moottorisahan tdrini on todettu viime vuosina erddksi vaikeimmin
ratkaistavista puutavaran nykyisiin tekomenetelmiin liittyvistd pul-
mista. Aikaisemmin sahojen tdrind oli jonkin verran nykyistd voimak-
kaampaa, mutta sahan péivittdinen kdyntiaika oli vain murto-osa nykyi-
sestd. Onkin kyseenalaista voidaanko vasta valmistuneita metsityon-
tekijain terveyden tilaa koskevia selvityksid pitdd pdtevind moottori-
sahan nykyisen kédyttStavan aiheuttamia vaivoja ennustettaessa.

Moottorisahan tdrindvaikutusten selvittely on kaksipuolinen on-
gelma. Toisaalta on saatava selville minkilaista se tirind on laadultaan,
joka vaikuttaa tekomichen kisiin, ja mikid on tdrindn péivittdinen vai-
kutusaika ja jakautuma tySpiivdn osalle. Toisaalta on selvitettdvi,
minki verran ihminen kestdd sairastumatta tuota moottorisahan aiheut-
tamaa tirindd. Téssd tulee kyseeseen yhtidmittainen, pdivittdinen ja
pitkiaikainen altistusaika sekd tarpeellisten lepotaukojen pituudet.

Tirinda on mitattu erilaisilla menetelmilli ja saatu ainakin joita-
kin sahalle ominaisia arvoja. Sahojen vertailu onkin ollut mahdollista
niiden mittausten avulla. Koska tdrkeimpdnd mittausten tavoitteena
on pidetty tulosten vertailukelpoisuutta, joka sininsi onkin tdrked ta-
vote, mittaukset on tehty yleensi jdrjestetyissd laboratorio-oloissa.
Tavallisin mittaustilanne on kuormittamattoman sahan tdrindn mittaus
moottorin kiydessd esim. suurinta tehoa vastaavalla nopeudella. On
keskusteltu paljon mittausanturin kiinnitystavasta kadensijoihin, sa-
moin sahaajan otteen tiukkuuden merkityksestd mittaustulokseen. Mm.
Statens Maskinprovningar Ruotsissa (1970) ja Vysokd Skola, (maa-
talouskorkeakoulu, jonka yhteydessi on maa- ja metsitalouskoneiden
koetuslaitos) Brnossa Tshekkoslovakiassa (1969) ovat rakentaneet
erddnlaiset mekaaniset kiddet mittaustarkkuuden parantamiseksi.

Tamén tutkimuksen tarkoituksena on ollut sahaajaan kohdistuvan
tirinan laadun selvittiminen nykyisid tdrininvaimentimilla varustettuja
sahoja kiytettiessd kaatosahauksen, katkonnan ja karsinnan aikana.
Yhtimittainen ja pdivittdinen altistusaika riippuu tyGjirjestyksestd ja
tydtavoista, samoin lepoaikojen pituudet ja jakautumat tySviivin
aikana.



Mittausmenetelmi

Aikaisemmin kiytetyn hetkellisen virdhtelytilanteen toteamisen si-
jasta tdssd tutkimuksessa rekistersitiin kuusikuitupuun valmistuksen
eri vaiheissa ilmenevi virihtely eri suuntaisine komponentteineen koko
puun késittelyn aikana. Virihtelytilanne tosin vaihtelee t3H5in jatku-
vasti, mutta laskemalla nelidllinen keskiarvo eri taajuuskaistoilla ilme-
nevdstd muuttuvasta kithtyvyysamplitudista sekd suhteellinen aika,
jonka em. amplitudi on suurempi tai yhtdsuuri kuin keskiarvo, saa-
daan luotettava kisitys todellisessa tyGtilanteessa ilmenevists virdh.
telysti.

Mittauksien aikana tekomies normaalina pitimiinsi tyotahtia kiyt-
tden kaatoi ja karsi yhden puun kerrallaan. Katkontasahaukset, vuoro-
tellen alta ja piiltd sahaten tehtiin erilliseni kokeena. Titen saatiin
erikseen kaadon, karsinnan ja katkonnan aikana ilmenevd tirini. Mit.
taus toistettiin 2—3 kertaa,

Niytteiden pituudet vaihtelivat 2,3 ... 3.4 min. Puiden kiyttSosan
koko vaihteli 0,3 ...0,45 k-m?. Oksaisuusluokka oli kolme. Mittauk.
set tehtiin kesilldi. Tutkimuksessa oli mukana kolme tirininvaimenti.
milla varustettua sahaa.

Kiihtyvyysanturi, joka oli yhdistetty kolmesta toisiaan vastaan
kohtisuoraan olevasta anturista, kiinniteftiin pitimelld tiukasti vuoro-
tellen kumpaankin kidensijaan. Kyseessi oli siten kddensijojen kiih-
tyvyyksien mittaus eikd kidensijojen paillyste vaikuttanut mittaus-
tuloksiin. Piillysteet ovat yleensd niin kovia, ettei niilli muutenkaan
ole merkitysti kisiin johtuvan virihtelyn eristdjini.

Mittauksessa kiytettiin seuraavia laitteita:

Kiihtyvyysanturi, Britel & Kjaer 4 320

Esivahvistin, . 2 623

Varsinainen vahvistin, Bell & Howel, Datatran 1—808
Mittausnauhuri, nelikanavainen Telefunken, MAS 54
Kalibrointilaite, Briiel & Kjaer 4 291

Mittaustulokset kisiteltiin siten, ettd nauhurista mittaussignaali
johdettiin taajuusanalysaattorin kautta tilastoivaan luokittelulaitteeseen,
jolla virihtelyn kiihtyvyysamplitudista otettiin ndyte 10 kertaa se-
kunnissa ja muuttuvat amplitudit ryhmiteltiin 10 tasaviliseen ryhmiin,
Virihtely analysoitiin 14-oktaaveittain. Luokittelulaitteen antamasta
tuloksesta oli mahdollista laskea eri tyGvaiheiden aikaisen virdhtelyn
tehollisen kithtyvyysamplitudin nelitllinen keskiarvo. Luokittelulait-
teen antamista tuloksista laskettiin myss kullakin V5-oktaavikaistalla
ilmenevin nelillisen keskiarvon suuruisen tai siti voimakkaamman
virdhtelyn prosentuaalinen kesto. Kyseinen prosentti laskettiin koko
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niytteen pituudesta. Niytteisiin sisiltyvit siten myds lyhyet vilivai-
heet, jolloin saha kiy lihes joutokdyntia.
Mittaustulosten analysointiin kiytettiin seuraavia laitteita:

Taajuusanalysaattori, Brilel & Kjaer 2 112

Luokittelulaite, Hottinger-Messtechnik KS§ 10—K§S 10 V

Samojen sahojen tirindi tutkittiin my6s kdyttdmilld niitd kisissd
kuormittamattomana eri nopeuksilla. Mittaus- ja rekisterdintimene-
telmi oli sama kuin edelld kiytinnon tydssd mitattaessa. Analysointi
tapahtui valokuvaamalla kaikkien kolmen anturin samanaikaiset kiihty-
vyyden kanssa analogiset signaalit oskilloskoopin kuvaputkelta (kuva
1). Kuvista on mahdollista mitata eri suuntaiset kiihtyvyydet ja las-
kea niiden vektorisumma.

Oskilloskooppina kiytettiin nelikanavaista Tektronix 564 B:ti.

Tutkimuksen ensimmiisessi vaiheessa tehtiin kokeita tydvaiheiden
jakautumien selvittdmiseksi kuusikuitupuun ja kuusitukkien teossa.

Kuva 1. Tarininvaimentimella varustetun moottorisahan takakiidensijassa ilmene-

vilii tirindi sahan kiydessi kuormittamattomana nopeudella 6 200 r/min. Ranteen

suunnassa, ylin viiva, kiihtyvyys on 7,8 g, teran suunnassa, keskimmiinen viiva,

58 g ja poikittain, alin viiva 4,4 g. Kiihtyvyyksien vektorisumma on 8,6 g eli
84,5 m/s?, tehollinen arvo 60 m/s’.

Fig. 1. Vibration in the rear handle of a chain saw equiped with vibration

dampers. The saw is running unloaded at the speed of 6200 rpm. In the

direction of wrist, the upper trace, the acceleration value is 7.8 g; in direction

of guidebar, the second trace, 5.8 g, and crosswise, the undermost trace, 4.4 g.

The vector sum of the accelerations in all three directions is 8.6 g or 84.5 m/s’,
and its RMS-value 60 m/s".
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Tyon eri vaiheiden mahdollisimman tismalliseksi erottamiseksi rekiste-
1Gitiin sahan aiheuttama melu nauhurilla. Mikrofoni oli t4llsin 5...
30 m etiisyydelld tekomiehestd. Samalla selostettiin mikrofoniin jat-
kuvasti eri tyonvaiheiden alkamis- ja padttymisajankohdat. Tulosten
selvittelyvaiheessa eroteltiin kaikki vihintdin 3 sekunnin pituiset jak-
sot. My®&s puolikarsittujen kuusirunkojen teosta otettiin joitakin nayt-
teitd, Tdmd osa tutkimuksesta tehtiin kevittalvella, jolloin lunta oli

vield n. 40—50 cm, AHO ja HARSTELA (1970).

Mittaustulokset ja paitelmit

Kaadon ja karsinnan seki katkonnan aikana sahan n:o 2 etu- ja
takakddensijoista mitattujen eri suuntaisten tehollisten kiihtyvyys-
amplitudien nelitlliset keskiarvot analysoituina Vs-oktaaveittain esite-
tédin kuvissa 2 ja 3. Samoissa kuvissa nihdiin myJs vastaavien vi-
rahdyskomponenttien suhteelliset ilmenemisaikojen osuudet kyseists
tyotd tehtdessid.

Kuvassa 4 nihdiin vastaavat tulokset kolmesta eri sahasta analy-
soituina koko-oktaavittain. Kuvaan on merkitty vain epiedullisin mita-
tuista kolmesta komponentista. Kuvassa 4 nihddin lisiksi tulokset
samoista sahoista niiden kiydessi kuormittamattomina,

Aikaisemmin suoritetun tutkimuksen perusteella tehollinen tydaika,
johon ei luettu varsinaisia taukoja eiki sahan ym. kunnostus- ja huolto-
aikoja, jakautui kuusikuitupuun teossa seuraavasti:

Kaato ... ..o 8—12 %
— Karsinta, my&s tyven karsinta ennen kaatoa . ....... 50—55 %
— Vilivaiheita, jolloin saha kdy tyhjikiyntii tekomiehen

kidessd (lumen poljentaa puun tyvelts, puun kidnte-

lyd karsinnan aikana sekd siirtymiset puulta toiselle) 9—15 %
— DPolkkyjen kasaus, saha maassa ......... PP 20—25 %

Eri tySvaiheiden keskimiiriiset, yhtijaksoiset pituudet ja pituuk-
sien keskihajonta kiyvit ilmi taulukosta 1.

Kuusitukkien ja latvakuitupuun tekoon kului keskimidirn 3,4
min/puu, josta sahan tehokiyntid oli 63 %, tyhjakdyntid kddessi
21 % ja maassa 16 %. Puolikarsittujen kuusirunkojen tekoon kului
keskimddrin 2,2 min/puu. Tistd ajasta oli tehokiyntid 88 % ja tyhji-
kiyntid kidessi 12 %. -

Kuormittamattomasta sahasta mitattu tiring oli voimakkaampaa
kuin tyon aikana mitatun tirinin nelisllinen keskiarvo. Eroa ol eri-
tyisesti hitaan joutokdynnin ja sahan maksiminopeutta vastaavan kiiyn-
nin aikana todetussa tidrindssi. Sen sijaan sen oktaavin alueella, jonka
keskikohta on 125 Hz ja joka vastaa sahojen pagasiallista kiyntialuetta
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Kuva 2. Kuusen kaadon ja karsinnan aikana sahassa 2 todettu tdrind. Kiihtyvyys:
arvot ovat tehollisen kiihtyvyysamplitudin neligllisii keskiarvoja koko tydjakson
aikana. Virdhtelyn jakautuma (deviation of vibration) tarkoittaa em. keskiarvon
suuruisen tai siti suuremman virihtelyn ilmenemisajan prosentuaalista osaa koko
tydjaksosta.

Fig. 2. Vibration in saw # 2 during felling and limbing spruce trunks. Accele-

ration values are RMS-values from the whole cutting stage. Deviation of vibration

means the percentage of time, when amplitude of acceleration is larger or equal
to the RMS-value mentioned before.
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Vibration in saw # 2 when bucking spruce trunks.
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Taulukko- 1. Eni tydvaiheiden yhtdjaksoiset pituudet kuusikuitupuun

teossa

Tyﬁvaiheep yhtijaksoinen

Ty&vaihe pituus s ’

’ Keskiarvo | Keskihajonta
KA8LO .. vvie e 15 8
Karsinta, polkkyd kohden ..................... 18 11
Kasaus, yksi polkky kerrallaan . ................ 11 6
Kasaus, yhdesti rungosta tehdyt polkyt kerrallaan 40 19
Kasaus, useasta rungosta tehdyt polkyt kerrallaan 140 17
Saha toisessa kidessd karsinnan viliaikoina ...... 4 2
Siirtyminen puulta toiselle sahaa kantaen ........ ' 10 6

tydskentelyn aikana (alue vastaa moottorin pySrimisnopeutta n. 5 300
—10 600 r/min), eroa oli huomattavasti vahemmin. Aika-ajoin talli
alueella ilmeni tydn aikana voimakkaampaakin tirindi kuin vastaava
kuormittamattoman sahan tirini. Tdmi seikka ei kiy ilmi kuvasta.

Sahan nopeus ei yleensi laske hitaaksi joutokdynniksi varsinaisen
sahauksen aikana, ei my&skddn karsinnan aikana siirryttiessi oksasta
toiseen. Sen sijaan siirryttiessi puulta toiselle ja esim. karsinnan
aikana puuta kiidinnettiessd saha kily usein joutokdyntid. Tillsin saat-
taa tdrindnvaimentimilla varustettujen' sahojen etummaisessa kiden-
sijassa ilmetd voimakas tirind, joka voi olla hyvinkin haitallista.

Maksimaalinen kiyntinopeus on kiytinndn . tyoskentelyn aikana ver-
rattain harvinainen, joten sen aikana todetulla tirinilili on védhin
merkitysti, :

Tdmin perusteella mittausmenetelmidn tulisi sisiltyi edelli kuva-
tun kaltainen mittaus kiytinnon tydssi sekdi etummaisen kidensijan
tirindn toteaminen joutokdynnin aikana kannettaessa sahaa toisella
kadelld. - ‘

Uusittaessa kiytinnon oloissa “tehtyjd kokeita vaihtelivat kunkin
mittauksen epiedullisimmat tulokset 0 ... =+ 14 %. Verrattaessa kahta
saman mallista sahaa kuormittamattomana vaihtelivat tulokset vastaa-
vasti = 6...+ 16 %. " '

Kuvaan 4 on piirretty rajaviivat, jotka perustuvat tshekkoslovakia-
laiseen ehdotukseen ohjeeksi tirisevien kisityokalujen kiytosti vuo-
delta 1967, KRYZE (1970). Rajojen merkitys on seuraava:

1) Ylin, ristiviivoituksella kuvattu alue on sellainen, jolle varsi-
naisten tySvaiheiden aikana todetut mittaustulokset eivit saisi joutua.
Sellaista sahaa ei tulisi kiyttdd ainakaan ammattimaisessa kiytossi.

2) Toinen alue edellyttdd rajoitettua kiyttod. Taukoja, jolloin
titisevd saha el ole kisissi ja joiden pituus on yli 10 min, tulisi pii-
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vin mittaan olla yli 10 kpl. Timi tarkoittaa kdytinnOssd tyosken-
telyé, jossa aina puolen tunnin sahan kiyttdd seuraa n. 15 min tauko
tai jokin muu tyd.

3) Kolmannella alueella rajoitukset ovat vihaisempid. Taukoja tu-
lisi paivdn mittaan olla 5—10 kpl, pituudeltaan edelleen yli 10 min.
Ty&skentely voisi olla jirjestetty siten, ettd n. 45 min sahan kiyttod
seuraisi n. 15 min tauko tai jokin muu tyd.

4) Jos tirind jdisi kolmannen rajaviivan alapuolelle, ei moottori-
sahan kiyttd vaatisi endd tdrindn takia ylimédrdisid taukoja.

Lisiksi tshekkoslovakialaiset ohjeet edellyttivit, ettd kddet pysy-
vit kuivina ja limpimini. Samoin tirindd vaimentavien késineiden
kiyttd on suositeltavaa. Tyopdivdn jilkeen on pidettévd huolta koko
kehon kunnollisesta limmittelystd, joka tapahtuu parhaiten ldmpiméssa
suihkussa tai saunassa.

Noin 15 min sahaustaukoja edellyttdd myds BJERKER ’in, KYLIN'in
ja LIDSTROM’in tutkimus (1970), jonka mukaan tirindstd johtuva
tuntoaistimuksen aleneminen alkoi kylld palautua heti tarindaltistuk-
sen pasttymisestd lihtien likimain suoraviivaisesti ajan logaritmin funk-
tiona, mutta vasta n. 15 min kuluttua tuntoaistimus oli palautunut
alkuperiiseen arvoonsa. ‘

Tutkitut sahat olivat kaikki tirina vaimentavilla kumijousilla va-
rustettuja ja kuuluivat aikaisempien maatalouskoneiden tutkimuslai-
toksella (1969) suoritettujen mittausten perusteella parhaiden moot-
torisahojen joukkoon. Saha 1 alittaa katkontasahauksessa ylimmin
rajan ja sitd voidaan sen perusteella kiyttdd n. 30 min jaksoja vaih-
tamalla tyoti vililli n. 15 minuutiksi. Saba 2 alittaa tirkeimmailld
kiyttoalueella toisen rajan tai on likimain rajalla. Matalilla taajuuk-
silla, joita kiytinndssi ilmenee vain harvoin varsinaisen sahaustydn
aikana, tirini takakahvassa ylittdd hieman em. toisen rajan. T#td sa-
haa voitaneen kiyttdd n. 45 min jaksoja eli likimain nykyistd kéy-
tintéd vastaavalla tavalla. Sahan 3 etukahvassa sen sijaan on niin
voimakas tirini sekd katkonnan ettd karsinnan aikana, ettei sitd pitdisi
tshekkilsisen ohjeen perusteella kiyttdd ammattimaiseen sahaukseen.

Kiytinnossd tdmd merkitsee sitd, ettd nykyisin on “mahdollista
tehdi sellainen moottorisaha, jonka kiyttd kohtuullisin, tyopiivin
aikaisin tauoin on vaaratonta. Toisaalta kaikki tirinanvaimentimilla
varustetut sahat eivit ole riittdvdn hyvid. -

Tshekkildisid ohjeita tarkastettaéssa on vield muistettava, ettd olot
maassamme kylmemmin ilmastomme johdosta ilmeisesti ovat ‘vaikeam-
mat kuin Tshekkoslovakiassa. ~ Asetettuja rajoja on' sitem pidettivi
mieliummin lievind kuin lifan ankarina.” Erityisesti *sellaisissa -tGissd
Juten kokonaisina runkoina. juonnettavien puiden teossa, jossa sahan
kiytts on lahes jatkuvaa, on riittdvistd keskeytyksistd pidettivi-huolta.
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METHOD OF MEASURING THE VIBRATION OF CHAIN SAWS
AND EVALUATING THE RESULTS

Introduction

In recent years the vibration of a chain saw has been found to
be one of the most diffucult problems of up-to-date methods of
cutting timber. Earlier the vibration of a chain saw was somewhat
stronger than nowadays, but then the daily time it was in use, was
only a small fraction of the precent cutting time. So it is questionable
whether the report on the health of a forest worker, which has come
out just recently in Finland, can be considered accurate when pre-
dicting the present way of using chain saws.

Studing the influencé of the vibration of a chain saw is a twosided
problem. First of all we have to find out what the vibration that
affects the hands of the sawer is like, what the daily exposure time of
the vibration is, and how the daily working time is devided between
actual cutting and breaks. We also have to find out how long man
can stand the vibration caused by a chain saw without getting ill.
Here the continuous, daily, and cumulative exposure time, and the
length of necessary breaks are under question.

The vibration has been measured using different methods and at
least some results typical of chain saw have been achieved. With the
help of these measurements the comparison of chain saws has been
possible. Because the most important aim has been to get the results
simplified to be compared, the measurements have generally been made
under laboratory conditions. The most common situation is to measure
the vibration of an unloaded chain saw, whose engine is running at
the speed which corresponds to the largest capacity. The way of
attaching the measurement gauge onto the handles, has often been
discussed. The effect of strength of the sawer’s grip on the results,
has also been discussed. Among others, Statens Maskinprovningar in
Sweden (1970), and Vysokd Skola (a College of Agriculture, with
an Agricultural and Forestry Machinery Research Institute) in Brno,
Czechoslovakia (1969), have built a certain kind of “mechanical
hands” to improve the accuracy of the measurements.

The purpose of the expetiment has been to throw light upon the
type of the vibration which affects the sawer when using the modern
saws equiped with vibration dampers, in felling, bucking, and limbing.
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The continuous, and daily exposure time depends on the order and
ways of working, also on the length and distribution of the breaks
during the workday.

Method of Measurement

Instead of discovering the momentary vibration as before, the
vibration with its components in the different directions, which
appear in each stage of cutting spruce pulp wood, was registrered in
this experiment. In fact the vibration situation varies continuously,
but by calculating the RMS-value from the changing acceleration
amplitude in different frequency bands, and the percentage of time,
when amplitude is larger or equal to its RMS-value mentioned before
in the corresponding stage, of cutting, a reliable idea about the vibra-
tion which appears in real working conditions, is achieved.

During the measurements, the sawer working at normal speed,
felled and limbed one tree at a time. Bucking, alternating down and
upwards, was done as a separate test. This way the vibration in felling,
limbing, and bucking, were measured separately. The measurements
were repeated two or three times.

The length of the samples varied from 2.3 to 3.4 minutes. The
amount of wood per tree varied from .3 to .45 s-m’. The branch
class was three. The measurements were done during the summer. In
the experiment three saws equiped with vibration dampers, were used.

The acceleration gauge, which was connected from three gauges
perpendicular to each other, was attached tightly by a holder alter-
nating on the both handles. Measuring the acceleration in the handles
was the concern, and the cover of the handles didn’t have any in-
fluence on the results. The covers usually are so hard that they don’t
have any special use in protecting the hands against the vibration.

In the measurements following equipments were used:

Accelaration gauge, Britel & Kjaer 4 320

Preamplifier, Britel & Kjaer 2 623 '
Amplifier, Bell & Howel, Datatran 1—808
Instrumentation tape recorder, a four channel Telefunken, MAS 54
Calibration device, Briiel & Kjaer 4 291

The procedure of the analysis was as follows: From the tape
recorder the measurement signal was fed through a frequency analyser
to a statistical distribution analyser, with which a sample of the accele-
ration amplitude of the vibration was taken ten times per second,
and so the changing amplitude was devided into ten categories. The
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vibration was analysed in third octave bands. The result from the
distribution analyser made it possible to calculate the RMS-value of
the acceleration amplitude during different working stages. From these
results also the duration percentage of the wvibration, which was larger
or equal to the size of the RMS-value, in each third octave band, was
calculated. The percentage concerned was calculated from the length
of the whole sample. These samples also included the short intervals
when the saw was almost idling.
The following equipment was used to analyse the results:

Frequency analyser, Britel & Kjaer 2 112
Statistical distribution analyser, Hottinger-Messtechnik K S 10—
KS10V

The vibration of the same saws was also examined by using them
in hand, unloaded, and at different running speeds. The apparatures
of measurement and register were the same as when previously
measuring in practical work. Analysis was done by taking pictures of
the signals analogical to the simultaneous acceleration of all the three
gauges on the cathoderay-tube of the oscilloscope, (fig. 1). From
these pictures, it is possible to measure the acceleration in different
directions, and to calculate their vector sum. The four channel storage
oscilloscope, Tektronix 5 6 4 B was used.

In the first stage of the experiment some tests were made in
order to find the deviation of the cutting stages concerning the work
with spruce pulp wood and spruce logs. In order to distinguish the
different stages of the work as perfectly as possible, the noise caused
by the saw was registered by the tape recorder. The microphone was
then 5—30 meters from the sawer. At the same time the starting and
stopping points of the working stages were reported on the michro-
phone. When clearing up the results all the working periods lasting
at least three seconds were distinguished. Some samples were also
taken from the cutting of half limbed spruce trunks. This part of the
experiment was done in the early spring, when some snow was still
left — from about 40 to 50 centimeters, AHO & HARSTELA
(1970).

Measurement Results & Conclusions

The RMS-values of the third octave analysed acceleration amplitude
in different directions, which were measured during felling, limbing,
and bucking, from the front — and rear handles of saw # 2, are
shown in figures 2 and 3. In the same figures you can also find the
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relative proportions of the appearing times of the corresponding
vibration components, during different stages of cutting.

In figure 4, the corresponding results of the three different saws
can be seen analysed by using the whole octave filters. Only the most
intensive of the thtee components measured has been marked in the
figure. In figure 4, you can also see the results of the same saws when
running unloaded.

According to the experiments done, the actual working time,
which did not include any true break or any time for trimming, or
reparing the saw, was devided in processing the spruce pulp wood
as follows:

— Felling . ... 8—12%
— Limbing; also limbing of the base before felling .... 50—55 %
— Intervals, when the saw is idling in the hands of

sawer, (trampping down the snow around the base

of the tree; turning the bolt during limbing; and

moving from one tree to another) .............. 9—15 %
— Bunching the bolts; the saw lying on the ground .. 20—25 %

The average lengths and the standard deviations of them in diffe-
rent working stages, can be observed in the table 1.

Table 1. The continuous lengths of different working stages in
cutting spruce pulp wood :

Continuous length of

working stage
Working stage second

. " standard

average deviation
Felling . v.ovneni 15 8
Limbing per bolt ............. .. .cciovien... 18 11
Bunching one bolt at a time .................. 11 6
Bunching, the bolts of one trunk at a time ...... 40 19

Bunching of the bolts of several trunkts at one

HME .ot s 140 17
Saw in one hand during intervals of limbing .... 4 2
Moving from one tree to another, carring the saw 10 6

The average time for cutting spruce log and top pulp wood was
3.4 minutes per tree, 63 9% of which was actual cutting time, 21 %
the saw was idling in hand, and 16 % idling on the ground. Getting
half limbed spruce trunks took 2.2 minutes per tree on the average.
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In this time there was 88 % actual cutting time, and 12 % idling
in hand.

Vibration in an unloaded chain saw was stronger than its RMS-
value measured when working. The difference was found to be signifi-
cant especially in idling and running at the maximum speed of the
saw. While in the octave, whose center frequency was 125 Hz and
which corresponds to the main working speeds during cutting, (the
area corresponds to the engine speed of 5300—10 600 rpm) the
difference was remarkably smaller. Frequently there appeared duting
work even stronger vibrations than in the unloaded saw in this speed
area. This fact cannot be seen in the figures.

The saw does not idle during the actual work, neither during
limbing when moving from one branch to another. But when moving
from one tree to another and during limbing, when one turns the log
around, the saw is often idling, Then in the front handle of a chain
saw equiped with vibration dampers, there may appear a strong vibra-
tion, which can be very harmful.

In practical use, the maximum engine speed is comparatively rare,
so that the vibration observed is then less important.

On the basis of this, measuring procedures should include the
measurement in practical work as described before, and the ascer-
taining of the vibration in the front handle, during idling when the
saw is carried in one hand.

When repeating the tests done under practical conditions, the most
harmful results varied from 0 to == 14 9%. While comparing two un-
loaded saws of the same type, the results varied from =+ 6 to
+ 16 %.

In figure 4, the borderlines, which are based on the Czechoslova-
kian proposal for a guide to the evaluation the use of vibrating tools,
from the year of 1967, KRYZE (1970, have been drawn. The
meaning of the borderlines is as follows:

(1) The upper, crossed area is where the measurement results
should not fall. Such as saw should not be used, at least not in profes-
sional work.

(2) The second area demands a limited use, and more than ten
breaks per day when the running saw is not in hand, and the length
of these should be more than ten minutes. In practice, this means
a fifteen minutes’ berak after every half an hour of work, or sub-
stituting some other kind of work in place of the break.

(3) In the third area the limitations have already lessened. You
should still have about five to ten breaks per day, the length of these
should be somewhere over ten minutes. Working could be arranged
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so that after every 45 minutes’ work, there would follow a 15
minutes’ break, or another type of work.

(4) If the vibration would stay under the third borderline, the
use of the chain saw would no longer demand extra breaks.

In addition to this, the Czechoslovakian instructions state that
the hands are to keep warm and dry. Also then use of gloves, which
moderate the vibration, is recommended. After the workday one must
take care to warm the body thoroughly; the best way is to take
a warm shower or a sauna. .

The experiment by BJERKER, KYLIN and LIDSTROM (1970),
also recommends some 15 minutes’ breaks in sawing. According to this
experiment the impaired senses recovered from the vibration exposure
approximately as a linear function of the log. of the time, but not
until after about 15 minutes did the senses fully recover.

The saws examined were all equiped with rubber springs, which
reduce the vibration, and belonged to the best chain saws, according
to the measurements done before at the Finnish Research Institute
of Engineering in Agriculture and Forestry (1969). Saw # 1 does
not exceed in bucking the very top border; and it can therefore be
used for about 30 minutes’ periods by changing the type of work
between cutting periods for a 15 minutes’ time. Saw # 2 stays, in
its most important area of speed, under the second borderline, or
around it. At low frequencies, which seldom appear in actual work,
the vibration in the rear handle exeeds this bordetline. So this saw
can be used for 45 minutes’ periods, in other words in a way about
equal to the present use. According to the Czechoslovakian hygiene
regulation, in saw # 3 instead, there appears in its front handle,
such a strong vibration, both when bucking and limbing, that it
should not be used in professionel sawing, at all.

In practice this means that it is now possible to make a chain
saw, whose use with reasonable breaks, is safe. On the other hand
all saws equiped with vibration dampets are not good enough.

While checking through the Czechoslovakian regulations, we should
also keep in mind that the circumstances in Finland due to our cold
climate, are obviously more difficult than in Czechoslovakia. We
should thus consider these limitations rather light than too restricted.
Especially in such work as cutting whole trunks, where the use of
a saw is almost continuous, one must take cate to have sufficient

breaks.



Helsinki 1971, Valtion painatuskeskus



