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ABSTRACT

Introduction: Due to the non-developed mechanization situation, chainsaw is a widely used tool in Iranian
forests. This tool can trigger unwelcome disorders (e.g., white finger syndrome) due to the transmitted
vibrations from its handle to the body members. Characterizing these vibrations can result in minimizing
the intensity of these disorders. This study aims to investigate the effect of different hardwood species
(Beech, Hornbeam, and Alder) on the vibrations transmitted to the wrist and arm.

Material and Methods: Experiments are conducted during four operations including Beech-, Hornbeam-,
and Alder-cross-cutting and without cutting as the control sample. Vibration accelerations in three
directions of a local Cartesian coordinate system are measured at three points including chainsaw
handle, operator's arm and wrist. Using the time and frequency spectra of vibration accelerations, root
mean square (RMS), total vibration acceleration, total vibration transmissibility, and frequency-weighted
vibration acceleration are calculated based on ISO 5349 (2001) and ISO 10819 (2013) standards. The
calculated parameters were statistically analyzed in SAS.

Results: The results showed that variations in wood species could significantly affect the RMS at all three
points. The RMS magnitude decreases from handle towards the arm. Interestingly, a significant variation
in vibration transmissibility is observed in different frequencies. This study confirms that body organs can
damp the high-frequency vibrations better than the low frequency ones.

Conclusion: Although the RMS for cutting operations is less than the control sample, frequency-weighted
vibration acceleration and consequently the risk of white finger syndrome is higher in cutting regimes.
Furthermore, some vibration accelerations (below 40 Hz for wrist and below 25 Hz for arm) are amplified
during transmission despite significant damping in total vibrations.
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1. INTRODUCTION

Forestry machines have been significantly engine, wood dust, poor body posture, and above
improved in recent decades; however, chainsaw all of these, excessive noise and vibration create
plays a key role in forests for important operations poor ergonomic conditions for chainsaw operators.
such as tree felling, delimbing, log bucking, and Previous studies reported that chainsaw exposes its
pruning. In Iran, non-developed mechanization is own operator to high level of hand-arm vibration.
assigned as a reason behind this wide utilization. In ~ Hand-arm vibration can cause fatigue, pain,

addition to fatal or nonfatal risks, exhaust gases of ~ cyanosis, and in more severe cases, entail Raynaud's
phenomenon (White Finger Syndrome). Vibration
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control is more achievable with identifying the
main reasons of vibration and possibly its level and
characteristics in different conditions. In addition,
the analysis of the vibration transmission from
handleto thebody organs clarifies the bodyresponse
to the vibration. Since the interaction between the
chain and wood can affect the chainsaw vibration;
hence, the wood species can change both the level
and the characteristics of chainsaw vibration. In
this study, the effect of Iranian hardwood species
on the transmitted vibration from chainsaw handle
to the wrist and arm of an operator is investigated.
The results of this research can be used in chainsaw
vibration control such as the design of anti-
vibration handles and gloves.

2. MATERIAL AND METHODS

The Stihl-MS230 chainsaw is selected for
this study. This chainsaw is equipped with anti-
vibration system and has a guide bar with a length
of 35 cm. The chainsaw is adjusted according to its
manufacturer guidance. The fuel and lubricating oil
tanks are approximately full throughout all tests.

Beech (Fagus orentalis Lipsky.), Hornbeam
(Carpinus betulus L.), and Alder (Alnus glutinosa.
Willd) are the most frequent species in Iranian
forests which cover around 68% of the forests. For
each wood species, a log with 25x25x200 c¢m3
dimensions are cut from tree trunk and used for
the experiments.

A single-axial accelerometer (model VMI-192)
and a portable easy-viber data acquisition system
are used for sensing and collecting vibration
acceleration data, respectively.

The vibration accelerations are measured during
four operations (cutting three types of woods and
without cutting condition as control sample), three
locations (chainsaw handle and operator’s wrist
and arm), and three orthogonal axes (axial, vertical,
and lateral) over each test with five repetitions. The
experiments are conducted in split plot design
with 180 measurement samples. Operations are
performed based on ISO 7505 (1986) standard and
vibrations are measured based on ISO 5349 (2001)
standard.

After field experiments, time and frequency
spectra of vibration acceleration are transmitted
to a computer for post-processing purposes.
RMS, total vibration acceleration, total vibration
transmissibility, and frequency-weighted vibration
acceleration are calculated using respectively
equations (1) to (4) as follows:

[ DOW!

RMS =

N~

]az(t)dt (1)

Where RMS is root mean square (m/s?), T
is the measurement time (s), a is the vibration
acceleration (m/s?), and t is the time (s).

Atutal = VA)Z( + A}% + A; (2)

Where, A, is total vibration acceleration (m/

s?) and Ai is vibration acceleration in i direction

(m/s?).
2 2 2
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Where, Tr,_ . is total vibration transmissibility
(non-dimension parameter), A is the vibration
acceleration in j direction and at i location, and A -
handle is vibration acceleration in j direction and at
handle location.

3)

n

Apyy = Z(kjahj )z 4)
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Where, a, is frequency-weighted vibration
acceleration (m/s2), a, is the RMS in the j, one/
third octave band (m/s?), and k is the weighting
factor for j, one/third octave band (non-dimension
parameter).

Finally, to evaluate the effect of different
conditions on calculated vibration parameters,
statistical analyses are carried out in SAS.

3. RESULTS AND DISCUSSION

The results of ANOVA analysis for RMS are
summarized in Table 1. These results indicate that
operation and axis can affect the RMS significantly
(p<0.01) in chainsaw handle and the operator’s
wrist and arm.

The mean of total vibration acceleration in
differentoperationsandlocationsareillustratedin Fig.
1. One can clearly see that the vibration acceleration
in control sample is more than that in wood-cutting
operations. The interaction between chain and wood
can decrease the magnitude of vibration. Since the
risk of white finger syndrome depends on frequency-
weighted vibration acceleration, lower vibrations in
wood-cutting cases do not represent a subsidence
in this syndrome. Surprisingly, the frequency-
weighted vibration acceleration is minimum for
control sample. In fact, the interaction between
chain and wood decreases the vibration acceleration
in high frequencies; however, it increases the
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Table 1. Results from ANOVA analysis for RMS vibration acceleration.

L Mean square
Source of variation | Degrees of freedom

Handle Wrist Arm
Operation 3 68.2481" 0.1849™ 0.1219”
Main error 16 2.0548 0.0442 0.0056
Axis 2 335.3894™ 4.1904™ 0.0403™
Operation*Axis 6 7.0788" 0.0701™ 0.0148"
Error 32 1.8335 0.0341 0.0048

“Significant at level 5%, ~Significant at level 1%, ™ non-significant

. Arm . Wrist - Handle
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40

Total vibration acceleration (m/s?)
(]
>

Control sample Beech

Hornbeam Alder

Operation
Fig. 1. The mean of total vibration acceleration in different operations and locations.

Table 2. Results from ANOVA analysis of total vibration transmissibility.

Source of variation | Degrees of freedom

Operation 3
Error 16

vibration acceleration in low-frequency domain.
Wood-cutting operation affects the vibration more
noticeably in high-frequency domain and therefore,
lower RMS values are resulted. Since the weighting
factors for low frequencies are more than those for
high frequencies, the frequency-weighted vibration
acceleration increases in wood-cutting operations.
In all operations, the vibration acceleration at
handle is more than 25 m/s* while it is less than
2 m/s* and 1 m/s? at wrist and arm, respectively.
The vibration acceleration is damped more than
92% and 96% from chainsaw handle towards the
operator wrist and his arm, respectively. Since
the amount of vibration acceleration at the wrist
and arm are lower, the analysis and comparison
for transmissibility is somewhat difficult (see Fig.
1). Hence, ANOVA analyses for total vibration
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From handle to wrist

Mean square ‘
From handle to arm
0.00064" 0.00017"

0.00010 0.00001

transmissibility are summarized in Table 2. As it
can be seen, operation type significantly affects
the total vibration transmissibility (p<0.01). The
vibration acceleration transmissibility from the
handle to the wrist and arm are shown in Fig. 2
for different one/third octave band centers. It is
clearly observed that the transmissibility depends
on the frequency, significantly. It is not clear to find
a specific pattern in transmissibility; however, it is
clear that its value in low frequencies for control
sample is more than that for wood-cutting regimes.
As shown in Fig. 2, transmissibility in some low
frequencies (below 40 Hz and 25 Hz for wrist and
the arm respectively) is more than 1. This signifies
the amplifications in vibration acceleration and
confirms that the body organs as more sensitive to
the low-frequency vibrations.
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Fig. 2. Transmissibility from chainsaw handle to the operator’s wrist and arm at the frequency center of one/third octave bands.

4. CONCLUSIONS

Wood-cutting operation can affect the value
and also characteristics of vibrations in chainsaw
handle. Root mean square of vibration acceleration
in wood-cutting regimes is less than that in control
sample. The interaction between chain and wood
can damp the vibrations; however, frequency-
weighted vibration acceleration and consequently
the risk of white finger syndrome increases in

[ Dow!ed from jhsw.tums.ac.ir on 2026-03-26 ]

wood-cutting conditions. Body organs better
damp the vibrations in high frequencies. Vibration
acceleration amplifies during transmission from
handle to the wrist and the arm in low frequencies.
The behavior of transmissibility in different one/
third octave bands is similar to the weighting factor
in ISO 5349 (2001), and this confirms that the body
organs are more sensitive to the low-frequency
vibrations.

Journal of Health and Safety at Work 2022; 12(2): 309-323


https://jhsw.tums.ac.ir/article-1-6684-en.html

[ Downloaded from jhsw.tums.ac.ir on 2026-03-26 ]

PPR-Weq Oladsn 11€6] oGy /P a)Laid /1P sla

4U|J.QJ olRisls ‘@L._Ja é)l.a..o 9 6))5LM5 umld); ‘6))5LM.S 6)5L._9 9 ‘SAMW ouSiials ‘6))5L.5 Lngw.ch ‘SuJA...e(A 05; v

wip

G39990 031 31315 593L g Cwd & ABL I il 5 99 092 i g il

76..\.0.'4 Cox> “"5).6#7 e ‘*“s.«éu"é 3 gm0

O‘)‘" s).a).u s).a).u oisls fd))el.ms saSisle ‘WM“ ) Gt ‘su;;)‘...e o 03; !

olrleesS
VEe /I IA s g b APV sl o o b

oMSs =

aaslgty f 3l e ] sla Sz 33 0,218 57 Sl f3 5 552 (65590 63l gl 2315n 438k Curnidg o @ okl
133,5 (s S i o) Alysl YN slonl o il oo s (slee] & s (30 o 31 sl JUizl il
SoisT il s B dalllan (] 33,5 SIS ol st il i & g lyiige il ol lulis
S (oo JLis 1) 53 g e 4 sl JUal Slalas | (Kagi 5 5 poe (M) (S 09 e

als jlad lyiear (i e Sl 5 gi 5 5rme o) (sxbaiie (A ol Slilas Jlaz 5o lagtalesl S gy
(S 550 oyl atws Joli abadi s j5 (5 Glaee pliagw ;0 0l 25 Sz dw [0 ol olid b sl
Slaye (pSle Hizr wlals )l Sl W53 5 ooy 039> slaosls 5l eslanal b ad 6 Sojlail 25 593k 5 &
oo llil (ol iS00 jlagy5e Gilasy) Dl 5 b)) (ST (6 il (il l ol anl «(RMS)
Uity 325 3,55 SAS 5510 5 )5 oairlon (slo ol i anmlone JSO 5349 (2001) 5 ISO 10819 (2013)
b I8 k]

a5 53 e Lt Sl e (2 S0he Ji (liee 2 5y sre 5l g oo cpgz 41T it oS Ol i b ile adly
(a5 ol 8IS 215 g ol ks s S A D oo s Sile s e 8 13 il
L Lol sy glophil a5 43S oo b axlllas (s odabine cilien (gl ullS 8 55 ilas| g iy il o (6 5 cine
S (o e Gl sloalS 3 ) e, Yl sla 58

Sl e Wl 208wl diged &) Card w57 G Sl 55 Slay e (e Nile i (e oS iz j 16 1 Aot
b rizred Sl i Coz Ghp gladl o spi Sl as e 4l s 4y 5 (ol 00l oy GBS
SLaLS |5 o g (ol 392l JUHT oz (93k T 550 Y0 2255 e sln 552 e ) S8 51 (S p0 (A5
ol oy Sy 95 ¢ IS

uaéuj/uu :})'L—@JW ;}Lﬂ/n},w;gv GM.JD:JL;&AJL «S)90 ajw/ 3(5).}\5 olbls =

masoudfeyzi@tabrizu.ac.ir :a5\5e Jgbums odimm g5 Sy pSI o #

11€0) oG /P a)ladds /1P sla )5 (iaal g Cublagy aslilnd

)5 oyl g Calbrlagy aslilins


https://jhsw.tums.ac.ir/article-1-6684-en.html

[ Downloaded from jhsw.tums.ac.ir on 2026-03-26 ]

5 ool maw o YL 5l S L8 Olalllas
5l laasle plglp eond 9 55590 o] (slaatus
w5l o0 90 o3 Ol o o @ Ml Sl
KR ARTNCSS RS ST e
Sein,y oty Eaud Ol a5 ol las 0g cad lol
Qo ,d MY o131 sl 50 9 Y/ (6,5590 03] )l 4o
Gore oy ol auolie (6,50 daddlas o (V) Cul
Oliee a5 3l (LaS ()l g rens 25w LS8 L
5 Souli-glamale slaas le @Yl sboo,s gouis
s5ba e o3l L)l Gl po JULB By gy
€889 Ol Sl wald 098 5l i (5)lo e
azlse ol il b lae ISl (slags oy
sloplil o Shes (rizmen 8l oo Rl Sl L
) gz 0ads P Jlars (555590 03l )8 )0 (SBs8
S2970 5 oy p 53 55,8l Jelse el
lils ) o 08 50 Jelse 5l T JuS cgz
9 et 0979) (5 9590 03 SS9 Ul 0 5990 )
S0 aid) I Olakad g oolitwls g0 oy e 5,
00) 0y ol 1y oz g5 5 )5 G slaShs (o]
Joe aw gleaiws (59, p alils )] g ,uSoslail gl
o Glas Cox 95w p o> S0 o)l Dglite
o)l Sl Sl pe xSl J3z (liae iz 0 &S
Gl oo jlo gme glay alizee glocsg> (o o
S 3 e Jole) (puslS 3 o sy ks ol
sbar «ilide Glaogzr (e (e CuiSSl asjle o
Sagse ol 02903 same (1) Sl Slite (gl sine
s fagas 1) IS0 4l iae Cadlys ¢ iled )| as s @
ety B pgmSs Gmle 4 1) QLS Gliee 5 09908
0F) Sl cdo atws b slacsygige ol 5o o] jlade
(S50 o)) slaaiws 5) p (Bl ,l aslllas Az )s
Graiws ;o diion (Sl LD ol a5 0l (14,
ol aws a4 cas Al slacgs (o e g gl
OV) cewl s S
oly wlals )l Glusgas ¢ maw clis LS o

092w adlllas ()] p F5e Jalge (cwyp g sl o 5

11€0) 9B /P o)ladd /1P sla o5 (iasl g Cublagy aslilod

ohBas g (038 seams

doddo =

Siee O UK Cupae s S, L)
slaslols azgi 05950l a5 00g e Jluo
() Cesl odgas 093 4 | (6 S el Oltdy
Sloomtle ey o s sl ol
Oml g B 5l LY @ (65890 o)) gl
Sz dlopw Qi )3 St da Sz )3 (gl iliee
2 ISl & bled pae wya> slagile oy >
QS5 o3g pekd b g SzeS e b sla S
o)ls Ko iz o Jas g adad j0 sloo S 0,8
Sa S 3 oatle gl b5 s 3,05 s D)
5 () el 0 (55 gl pilSe by el oyl
03,5 « Sl j5ige 5l (AL 393 (Byme )3 (5 5590 o
colial g 5 (1) oz hp 5l Jeol> Glacs
> Ll 2B S Shhs n e Ll oyl 18 G
(V) Cl uile ol 3l )l g o wenla)] (5,20
wile @laieile LS 53 (5 58ge o3 &5 S g o0
gob b slageile sy (A V) Jhs 9 (7 0 0) H9515
Tob ol )l 5 (65,9L8S direj o VL 35|
JEie yg5ge o) )8 plws 4 a5 Lol 1 VL
595 @) 5 9,0 (S wrge Cewl (Ses 09l o0
Sty Jole 0 by 205 s 3 Gl
W) (S st b opbn il as)le) s ) oauy
y550 85 GV Lblas | g¥la,s (1) wbly 4l of jan
5% 9 05908 JiFe |) S5 Cews 13 (93 A5 b
Ogods eoeble (nl b b Gl (b pslae I & )90
o )5 Jodo 03 457 (sabil ;5 5 03905 9 ol
Jdo g adlaily oY LS (69 Cews Gy pamns
00 (5 s K5y 4y Cewd (95 (89,5 50 lw)b
Sgin e bl Caws Gasiw PMasl o 4 a5 558 o
Sfkes g Sz 0y alS (ordge (o (V)
3 0, deamale ol s wawd LSSE o
(Jolian (2395 @3 1) el 5 45k
ol ooolse 50 510 T) Glgs EMSs 5 (IS gal 3
Sl oo Dlesa 55l

wie


https://jhsw.tums.ac.ir/article-1-6684-en.html

[ Downloaded from jhsw.tums.ac.ir on 2026-03-26 ]

e 516768 )} S (010 9 Cauws @ AIBLJGEDN ghlad) p woa gy b

Voo S aYL bl B s LSSl bawgs (0S|
Joe awo 285 cuwo o by gl s G ,m
Gl Cda ok atws 185 Caws o bl h Ll
b o Sglate GlaigSa |, Caws S g LSSl s
(V) ol oo 4,8
Sleogas gz it slaaiss 5 a4yl
SIS Bulps 3B 55 (10 ) ()59 o) 2L
aalllae 5 Gaa (g lapll o il Jlazl
slooszr Ghp & Cwl g9dse (ol (eyp S0l
Soge ol anws I el sl (il )| g walisee
e ge 3 8l cod 1) )8 sl 5 s o
slaius b Caz j0 vl oo axdllas ol slaaisl
25 Gl fSiws ol (55550 o)l sl Bl Wb
bgr o lsd eelaii by g oo cnl ()10 (sl L3

TG Gedle Gl GlpylS 390 50 15 &

Koy =

Gysige 05 (sol> anwo o Slilss )| axlllas oyl o
03‘ U"‘ uﬂjf )‘)3 d.Lan.A 9 ‘5.»)).30)5.0 Stlhl-MSZ30
Job 4 and SO g il ) ad e 4 e (S5 90
ooﬁ] V) USG50 (oSS ledlbol g e il YO
w‘ AW

SR i & Slaosz 6y » okl
wps oo plasl ogx a1y olpl s sl K>
YE XY iy 4 g g 500 o3l L3 0 0l plxl
Ji:_? )" 6)“5)-.'°)'€r.‘ J..as )o AJLIUQAQ)}A ‘51.:095.?
atd g LS 095 10 &Bly ol olidls  Silado
S 00 el glacgx 5l plaS e 51 U(TA TY) wo )8
S0 shol a sl e SOll Yo o xYOXYD slal 4y axlad
W05 (Sewgy 3 SLl (Fanzmy 05 (g0 a5 (e o
30 doldd leg> (ugb ) Laas Cypo ol ool b
Sk Slapmdle o515 4y 5 oal oanzey oL
)0 U‘)’ef oliw.v‘\) dj)sl.ms LSLQU...MJLA ‘SAAJW 05;
20,5 Jiie £ s

L [A)

G Gyap0 e oN slealul a4 olals )l cpl !
SroslS 3 b Sl & o el e Sl
Lolols,) 5l g Sy cwl Gglae jlaw calize
ol (I3 I L 5 a3 VU el slaplS 3
039 28 BINLOA) wboo ol 5350 j5ba 550
Slals )| 4 bgye (el o lasbisl ;o sais 054l
walze sl wils 3 L o alals )] slp gib-caws
Sebl iz 3l S g (01 cwl oglais
3 lailiwl cpl o oal 03,91 (Sig walpe A wilails
Sl b s slals)l b Wlg o 2954 5
Sldlas s (Jbyea (V1) Wl olo 1) Gl
sleplal jo Slals,l ol a5 wlosls olas alixs
)92 b Sl 5l e YU sla iS850 (o
o slaplail 4 oas Jaie by )1L(YY YY) 0,5 oo
Cewd Jloel (59,08 g5l Candg b ol (San
olo Hlas glasdlas (YY) &S s Slals,l ol o
O & adl Ul ggilmcas DLl e oS
12 IS ol 5 sl talS s ) 5,5 el
@iy Hsbd Grizres sl Dglite (il glaces
Pl edle JUESH g Lo 5 93k VL Cend o
SRS 50 B0 5Py dlS 5 0,55 o
200 51 Y sla S 3 o Jil o das 5 0
B 51 YL Gla s 2 )0 (ke 4ol (5 S eIl
GYb Cand @y (o5l Ol @ Slal) e
S50 sy a5 Jlaml 5 assly Jas loails 5 550
6590 addllas (TY) 0y dgamme il g Caws @
o pladl Ggsb-cass praas a5 ols olas
95L YL Coond @ oud Jite wloles )| blo gl
WS oo Cugl 50 VO i sl B 0 ) s
30 a5 YO YL e yuils 8,0 olals ) Gl
) bl s Ls Bl &) clls o wils
(e S @l b s (TF) Wb Ly saad
F5) ol sl puls B e Bl 655 @i Gl
SlalamMe B jobbay cuvs Sl jo (55,0 YO
GiPl @iz Jlade umes Cwl Cass @Sl a8

11€0) oG /P a)ladds /1P sla )5 (iaal g Cublagy aslilnd


https://jhsw.tums.ac.ir/article-1-6684-en.html

[ Downloaded from jhsw.tums.ac.ir on 2026-03-26 ]

ohBas g (038 seams

StihI-MS230 5 g0 o1 cbaasius ) Jguz

&b '5-@ ‘)W 64" ‘4)10} SJ “5}.1}.29

e TV Sl o2
AhBs 90Vt r i Heige 90 50 Bk el VIO =95 oly
5130 2910 g9
O 4Y0) bég) & 3R €9y 9 CS g oS S
Sk e Oy 55

Easy-Viber osls Jlazsiw! dlbolw wlasivn ¥ Jaiz

PR OLYIO 5L /O 5 b [+FYD L +[+¥IYD

$e VP LY 5,0 YYe e G/ e,aYee /0 5 38 0dguxo ! (Sl

2l S VAT LAY &lopoold (28lg e
Jrewds A3l i S0l 8 00guzxo

o3 oLt Lyl (5) 33k 5 oo i (59 52 LU (5 el (slocaer i 41 () 3 () () ) UL

38 ol Slasie a5 Easy-Viber Jas ools Jlasu! S Sy S Sl oolainl b oliles ) olis
Cud g ab oo ool JUES ol oo 03,91 (V) Jgam Voo Comlas 0,5 00 oo, (59 4 VMI-192 Juw
S e egame 5 Gl Ol wely e Gl 4 Sy e

65)'1.35 &9 03‘ 651> Awd (S92 g_JLleu)‘ g_JL».w alols 49 AW o> su,w‘)f A_JLM» ).g‘ﬁ A é..oL..;o
1161 BB /P ayladds /1P sla )5 iyl § Cublagy aslilnd Wiy


https://jhsw.tums.ac.ir/article-1-6684-en.html

[ Downloaded from jhsw.tums.ac.ir on 2026-03-26 ]

e 510300 0)) WIS (50)0 § Caaws @y ATBLJEDI Gble)) p Qog iy WG
1 T

RMS = | [a’(¢)dt \
T 0

UL'JJA U&L,_Q )._\> )‘A.O.A RMS LAJ»)L’.A u.i‘ )«)
Sl @ «s) oads (g Soslail Sloy o3b (T «(m.s?)

el (8) Hloj ot g (MLs?) ouds (5,50 lul

Atotal = \Y A)Z( + A)% + A; v

Ay g (mus?) ol )l olis o]y A @oles ool 4o

total
Y X sbasly jo bl Qliss e e g AL g A,
A (MLS?) Z
(1) alolae 51 (B 6 JST Oliae sl g
00laiwl ISO 10819 (2013) Mol iy o Jailbiwl b 3sllas

) o
A+ A7+ A
Trmm/fi Yl

B 2 2 2
\/AXfHandIe + AY*HandIe + AZ*Handle

gae ;0 S s pJEl Gliee Try 0l 50 a8
I Caxdse jo Al QLS Glime A g (02ly Ggo)
b b o Comdan wilgh o i el (MS?) j Sz 10
b

0w pgass 38l 5 5l eolaiul b caey al> o o
28 o 2005 gl il 55 (Wl 8 0592 sla JUSe
A polie zl sl cye slasl s MATLAB 38l 5
ST oSt laasl jo (i)l Sl Sl po (ke
Jole &5 (il 3 00l Jlagyje (hlas )| SlLd dlos
el s CiSl Al 4 Mol Jloss] cptd 50 o0
ISO 5349 (2001) o ,lailew! wlal » cdiws Cuxdge yo
01 w8 awle (F) dloles 5l oolawl b

odd locye ool bl e @, dlsles cpl yo

b el j S39 HeS B ‘kj (M.s?) W gz, S8

Ry

SrSo3ll (oilr 5 (S350e (Sy97me S A y0 25
A3 yg0 Sz g aball 50 03,5 g by b S
Szl b (coSe iy 90 45 il s (o0
S G shie a4y Glide oz )0 (5 lbey),
Wwd 9y 2 S 0yl oolitul b gl SG ol s
T S 2 o7 Mt Syl eslaial b S b
ISO 7505 o Jasliasl b ollae oo ar )5 cs55k
Sy gdbw £ooglas | o 88l & jgod log> (1986)
(V) IS 50 il plol egou (YA) ol el (s
sl 00 o0ly lis

785 b 3lae (s 5350 531 daiglaj] ol 51 13
oled g wlle 1o S eedal enijle slesal,
g o Jol el oo g did Jod 5l o Olabad
Lalyd a5 00l 0,5 b ialojl 5,0 51 J8 o] gige
5 089y sloye italesl Jsb plai )5 sy il
£5 d Gy Sl o o ialejl iogs s Lo o5
b plonl (Rwgs g 5 e o) Alidee SISz 0oz
alol salds jlod plsiear 5 Cox Ghn s S
Ohr bl @it Sliles oz oS re s WS
eanSise o Oav g Bwss (e e o )
CoaBae dw o olad )l Ol (Oldes o y0 0088 )18
693k 5 ) g (sge ol wws Jolt calisee
(5l 5 6090 (5)970) m 2 3308 Co> 4w ;3
4z bs,S LSS L0 g pTeslal 2 ol (g S el
G eoalel Lulyd b Bllae ooz 52 (i ST 4y
=5 Tk Sosen L@&Eﬂ g Lo pdll g 5503y
VA- legorme b ol SolS 75k B 4 ondio
Al plxl Sinlesl

Sl leosls «gylayonls 5l al> e o LL o
ools (pl asul co Jaie ailly 4 oo 53 ilss )|
g ol 055 55 A, Gl Gla JUuSw &8l
o 55 ) it (RMS) e e il iz s
ols o]y o gzl (V) doles 5l ool b g
ol 3l oolaiwl b o alais 0,0 alge aw Slils )|
205 awle ()

11€0) oG /P a)ladds /1P sla )5 (iaal g Cublagy aslilnd


https://jhsw.tums.ac.ir/article-1-6684-en.html

[ Downloaded from jhsw.tums.ac.ir on 2026-03-26 ]

Ngy ol 9 035 FeS jlewe At 4 S )5 e 0
Sz 45 A o S Cewl il asll 525 g3 o alS
Soige ol wws pd Sl Qlid Jlade alS crge
Sz Oy Sile a4l oad wald jled 4 o
ol ol Slisles )| 5l s ol | e o go
Sl Slaye xSle Jdar Wby e mls
Hebles .l 0als 05,51 (F) Jgaz j0 (RMS) olss )|
Sls RMS (e 5 Sldes 230 w0 o sdmlive a5
59 el Sliles )l (S5 0aiS by eeidy a5 oles )|
Sogine Yl 13 93k g e s Codge 4w 2
dw Ha 50 el Ol polie yises ol 0ulds
2 e Sali sl calize slacwa )3 adse
a5 cale KT 5 Sle dwslie s ol 1)zl
obod jo les )l GLLL RMS jy0lie (59590 o7 aws 4o
p<e e 0) wigls o g B o b Slles Lo

ohBas g (038 seams

)l Gled Slayye :Sils 3z @y 5 gST poucSy
ol (ML5?) gLST pgun Sy (canilS 3 Wil el j 0

Oygods SAS (6ll lele 5 o esls (o)LL o
390 ol SIS 2ok B 5 eatos S b
I deeSile annlie cqz 285 18 Jlodgay
2 oolal ySSls slasels s g0

basly =
Slayo 5xSilee j3 Jlre Sl 5 52l jolie
as )#QL@Q sl 00 00)51 (\”) Ja.,\} o u.uLu)‘ g_JLH.u
dul.l.';)‘ ‘._)L......a suu.o.ﬁ )LQ> ‘540[-03 )b 509....."54 odalie
Gliwly j0 g Jlae o B o @iwd (goges gliwl, o
Olen wls sl asls 1) Jlade cp 35S @inws (5,57
QWJPW@LMI)MMJIJJQASJ

iz glacgs 9 biaxise wldos ;0 ol )l Clid Ol o (uilw jdo Hlaw Bl pzil g (WSl polio Y Jguo

VONYY (+/F4-)

ARV ACRARD

VS (o1 0F)

VE/AYA (VY- -)

JEYD (+[+59)

SANYY (o1 NF)

YYIARD (VYYE)

SIYAY (/YY)

AR NCIER A ))

NVAY (-/6Y])

YD (+]+8F)

<[YQF (+[-AY)

Y-IYOY (\FOY)

AN (+]+55)

SYYE (10 )

VA/OYA (YIYAY)

IYNE (-5 4)

NOY (+/+FY)

VYIYYE (VOFY)

<[A-F (+/-2))

SNYE (1Y)

VPIYYY (+13%A)

<1200 (+1\FA)

<VAQ (+/-0Y)

11€0) 9B /P o)ladd /1P sla o5 (iasl g Cublagy aslilod

YE/- oY ((IAYY) aws
VYA (+/-8Y) ) aald Lo
SIYON (-1 V) 95k
YA+ 8) (VAYY) atws
VIOF - (-IE5Y) & ol iy
NN 95k
YA/A - (+/AYY) Alwd
VYA (+/VAY) ) S0 g0y
SIYAD (+1-\Y) 95k
Y NAY (VOVY) atws
VIOVY (+/Y0A) & Blwgd' oy
RN IY-F) 95k
WIA


https://jhsw.tums.ac.ir/article-1-6684-en.html

[ Downloaded from jhsw.tums.ac.ir on 2026-03-26 ]

e 156390 0)) WIS 56}L § Caums @ WSLJGEDI islad) p woa Jip b

Pl ol Sl po (uSleo jior il ylg 43325 . F Jgur

95k & L
ARA R N AV & b FAIYVEAY**
ofe e 0F <[+ FYY Y/-0fA
of e foyEE AR YYO/N A=
o[- YEA® ofeY " Y/ YAN#*
o/« FA </+YF) VAYYO

B

- - =« =t - =
L > T T > S . >4

Y Oldos

\# ol sl
v e

4 g xoldos
Al =P sl

s I g™ Y sy Iy cime #F Dl jo o ixe®

M = 1 -

t>4

|

||

(52) il ) bt Sla e oFila Ji anly

sl jless oy oo

S By 52
olles

il Gldos g Leurdge 50 (ilai | Olud Olapo (uSile jiar il polie ¥ JSb

Pl (IS (g g JUSH il lg 42355 0 Jgox

(ke el 45l jadome p e SOl 508 95k 50
Cwd o 4 (5,990 o)l atws I Jl e Sl )|
Lo doy0 4% 9 A 5 i cod g @ )5 o5k g
9 & 6&%::594 BN wl:u)‘ R_JL.M) U‘S'»"L’ J.:QL?M leands
Jeo g s lio (55590 o)l Awd @ Cas )57 (550
6535 1, fogas ol 3l ealiul b ilas) Uil _S3e5>

wIq

JAN S BN e

o] 5 (B0 o ol g3l 5 o slacaadse 5o Kl
Dge I See
2 )l bt ae 4w anly Sk ol
Sl wylse colad jo .l sals sols las ¥ S
590 Al jedmme p e YO 5l atws (g5, g ol

Y5l 5pS Cowd e o Hlade cpl aS b jo «nl 0og0

11€0) oG /P a)ladds /1P sla )5 (iaal g Cublagy aslilnd


https://jhsw.tums.ac.ir/article-1-6684-en.html

[ Downloaded from jhsw.tums.ac.ir on 2026-03-26 ]

—O— By By e o0 ip

\Vid
A
\/¥ .\ (//f\\ \

VIV X [—-

ohBas g (038 seams
—a— o, iy —— 22l s

T 4 4 gl

(2=>lg 3) (s Jladl

IV \e \# Yo ¥-

Yo ¥ 14} \
a5k 4 4w
——— — — —

oo \Fe Yo L ) Y. Yoo

(72) 6 2

9ST pguwsy (sLoaily )5 )5 (595 9 0 4 (5395 90 o)) w31 ila 1 (g oy JUEGI yolie ¥ STl

oo oy b o el WS L ol )] Sle

FeS by dloads e i (b (g Ll a4 Cs

Gy =
S5 ge o)) Aiwd (59, » M1 LA RMS jolie

rhw jo b cae Sl gl Olles [l sled o
P Al 2 oz Eo o i (ke 4 00 T)
Sor P e ek S oobml e wglite
b Sl anllae s ot diws s il
Sy 9 8395 ree wrbwsolew pgio slosz )
Ol (23S (V) 090 jlo sxe )*’L’ LT
sals jled 4 by o ol )l Ol Sl o (555ke H3

Oz Olgse o9 4l j9dzme p e YONY L ply g

11€0) 9B /P o)ladd /1P sla o5 (iasl g Cublagy aslilod

Sl b)ly 4528 @ls dd jle oo S
Sl )liw] el ol OQ)BT (&) Jju\> L LJ""L"’)| tSJS
e @ adl sl 5 el e woldes 45 a5
3 8l o (s ls e sl |y )l 553k 5 e
Sl 0ls
o slapll 4y andl Jissl Sloles )| oy
3 ) s JU Ol (it gla s 5 s
Olime 50 ol .cul sals ools HLas ¥ IS o JI
odpline alitre Sldos oz w3l (6 pds Jla!

Bl o1 51, asiie a3 g5 on5 Bl 0300
g 4 bl plo,) Glis e S yaay Sg0s

She 25158 osr ip Wit ol 0 93k 5
@ ol S wald jles b anglie ;o (ol oS )8

WPo


https://jhsw.tums.ac.ir/article-1-6684-en.html

[ Downloaded from jhsw.tums.ac.ir on 2026-03-26 ]

e 516768 )} S (010 9 Cauws @ AIBLJGEDN ghlad) p woa gy b

ol Slogar b olols )| mhw o oglas 51 a6
Cewd oy ) g JES) Gliee (i 5L
S0 g Bwg ©oz Sp b 4 bgye 93l 5
Sl @ bgrye 5 4 53k 5 e 50 T liee e
A e xSl g By Cox i g wals
Al b 45 g yleS ey Camd g5l a4y adly Jla]
—Cwws Lol )|l dged oo Hlu 4 0gr (glaxilas
Rl s 5 18,5 aloli b oy 4 sl JUil 5550
VY)Wl oo

Grh il Glie a5 Cdlys Gl VSO
25 Sl 5l (B 50 i 4 53k 5 e 4 A
Sogi 5l LA g Sl S5 i 5,2 V0 59 5,0 ¥
o sloplasl 4 Uil alSin b il )5 ol 4o lils |
L (TF) ol Sinlen L3 Slalllas gl L oS o)l
2 i JUEsl &8 oS plpe Glgiee IS WSS
a8l Sal8l GlS 8 RlIL sl 5o (mly sla il
Fa Ve Vb oS B 0 bl oo palS G g
et Ny L et Ky Cnl ey o0 (05 Sl polie o
3o it glo wilS )8 @ ouls ools plaisl slayig
O ol g9 caillas ISO 5349 (2001) o laiken
Slals )l oo sleplal a5 sges anl g3 oo &dly,s
30 (VY YY) aS o e e |y 5YL sla uils 3 L
adbJusl sl Gliee 3550 Ve YL slailS 2
sl azils sl 55y Mee g ol 502l s
Jos b plS 3 cpl 5o )] (6 pay JUE (rizren
s 5 b 50 gl ol sl 0395 6,8 Ll 5]
YY) ol Sinlen L3

S S Axs =
sz Jop b pwyp a4 adllas pl
Sy as 3 sl il olals)  JS Gl
Db aBl 55 595k g Cawd e 4 (5,550 o) £
Csr iy cilihe gl ) i weli e o

- 25 :\_.;',)Lc us)ﬂ“_, ST RN u)m )-*-’i-‘ Ll €999

L}

SlLalsyl b i crge oz (i &5 05 g
il dxgi Wb aldl el ol (5,5790 o)) Alws o
o il b o8 s & Log3l b ol oS
o 092 Gy Sl 50 b CiSSl as e 4 Dyl
ISO o,ailiwl b gillas aST,> s sl Jlos @
ol sy sl ol & Sl e 5349 (2001)
L 0T b 50 a5 )0 (S (oilS 3 00l o055
calizee slo wils,8 0 Slile | 4 o F) dolee 4 a>gs
Sl B (g 9 whes olaisl (Ssline slagys
)l Sl 4z e @dly)s (V1) cenl i Somb
S ot Jlzl a8l it ol ol 5o
o) Ol e BLs| el i 55 adle opl 4
6o s jebar aalls Jless ;5 (oilS 8 00l Jlocy3s
wald e 61 V/00) 390 oS 0oz o slacdl>
i (ke slossz e ly VAA b VA-
JRIRVENICIR & P PSPUS SR IRNCR R I PEEO 1L
(S ogbar Bl s s S92 gk 0oz A S
O Dy 3150 Bl Cpl el i sald sl
Slals )l ol Cogls 5 Vb o ils 3 o ol )|
) LS B LS CE V-SRIV B - R PR V- YW L ST
ik YU Gl iS5 0 Ll ] Gl jo ealoloy
Wslee jd ol Slagwls B 4 barye (9 Ll o
Gl Eawd gl (S)le &Sl S5 Sk (1)
OA) el bl Gl slo il 58 4 (L]
Oee Oliles )| (I ol 1 aS cudls ax g5 b 1A
o sl ol s Olie 05 g Log3) <o
30 ol e 4 atilyg Mol el ol 5 05,55 ol L3
ol alzzes (glapuilS 3
P g & Sogge ojl aws 5 Bl Jlast L
e ) g Wloads e (60b 5 [l 0 b liles )|
ool a8l aelol 5o g5l 4 e 5l eyl Jlast b
Ao 4y Cemnd 93k 5o GOl Ll RMS oS (g j5boay
w3 ee GLis () Jguo bt Cwl 522l 655590 o)
dilies Slidas oz o 1, Slils ) o slaplal a5

Ailgs o Dglas 1l a5 Wilosges e Jolaie yl5e @

11€0) oG /P a)ladds /1P sla )5 (iaal g Cublagy aslilnd


https://jhsw.tums.ac.ir/article-1-6684-en.html

[ Downloaded from jhsw.tums.ac.ir on 2026-03-26 ]

O e 0929l aS (g jgbas secils o slaplal o
Slile )l dauils 8 =181 0 ob ) Jlaws o> U Slisles )|
5 olale)l og odd Cogtl WS ,8 51 S o
e ol Gl udlS 58 51 e Sl YU slo S 3
@ bogs o 0ads Cogii Sl )| (V> eled 4o 0

Kog ¥ Te s sl s B

REFERENCES

1. Jahani A, Makhdoum FM, Feghhi J, Omid
M. Environmental decision support systems
(edsss): the study of concepts, developments and
challenges from past to present. Environmental
Researches. 2016;7(13):175-88. [Persian].

2. Rottensteiner C, Tsioras PA, Stampfer K. Wood
density impact on hand-arm vibration. Croatian
Journal of Forest Engineering. 2012;33(2):303-
12.

3. Sarikhani N. Forest utilization. 2nd ed. Tehran:
University of Tehran Press; 2009. [Persian].

4. Beigzadeh Z, Pourhassan B, Kalantary S,
Golbabaei E Occupational exposure to wood
dust and risk of nasopharyngeal cancer: a
systematic review and meta-analysis. Environ
Res. 2019;171:170-6.

5. Nassiri P, Ali Mohammadi I, Beheshti MH, Azam
K, Hajizadeh R. Evaluation of Massey Ferguson
model 165 tractor drivers exposed to whole-
body vibration. Journal of Health and Safety at
Work. 2013;3(3):55-66. [Persian].

6. Mirzaei R, Mohammadi M. Survey of vibration
exposure and musculoskeletal  disorder
of Zahedan city tractor drivers by nordics
questionnaire.  International Journal of
Occupational Hygiene. 2010;2(2):51-55.

7. Nassiri P, Ali Mohammadi I, Beheshti MH, Azam
K. Hand-Arm vibration assessment among tiller
operator. Journal of Health and Safety at Work.
2013;3(1):35-46. [Persian].

8. Nassiri P, Ali Mohammadi I, Beheshti MH,
Aazam K. Root mean square acceleration
(RMS), crest factor and hand- arm vibration
dose value in tiller users. International Journal

11€0) 9B /P o)ladd /1P sla o5 (iasl g Cublagy aslilod

ohGes § (208 sewe
sl o Slils )] g 28 aald Jles ;o ddw

@ ok @ G 9 e @ Gosee o)) At
Sldes 0 ol aldl .ol 1w 0L Jlows ol
o o 1) Folae sla,lid, oy slaplail b ol g0
e lias og3 5l ol sl s o Slals ) yoges
298 (SO T 5 (oot Hhm G DL )| S8

of Occupational Hygiene. 2014;6(4):156-164.

9. Davis G. Noise and vibration hazards in chainsaw
operations: a review. Aust For. 1978.;41(3):153-
9.

10. Lotfalian, M. Logging. Tehran: Aeizh publisher;
2012. [Persian)].

11.Selim AA, Sobh K, Fathy SM. Hand-arm vibration
syndrome clinical and neuro-physiological
studies. Aust J Basic Appl Sci. 2012;6(6):292-9.

12. Sauni R, Virtema P, Paakkonen R, Toppila E,
Pyykko I, Uitti J. Quality of life (EQ-5D) and
hand-arm vibration syndrome. Int Arch Occup
Environ Health. 2010;83(2):209-16.

13. Theriault G, Guire LD, Gingras S, Laroche G.
Raynaud’s phenomenon in forestry workers in
Quebec. Can Med Assoc J. 1982;126(12):1404-8.

14. Bovenzi M, Zadini A, Franzinelli A, Borgogni
E Occupational musculoskeletal disorders in
the neck and upper limbs of forestry workers
exposed to hand-arm vibration. Ergonomics.
1991;34(5):547-62.

15. Hutton SG, Paris N, Brubaker R. The vibration
characteristics of chain saws and their influence
on vibration white finger disease. Ergonomics.
1993;36(8):911-26.

16. Welch R, Vibration in chain saws. Aust For.
1971;35(4):215-25.

17. Rottensteiner C, Stampfer K. Evaluation of
operator vibration exposure to chainsaws
equipped with a Kesper safety bar. Scand ] For
Res. 2013;28(2):193-200.

18. Morioka M, Griffin MJ. Magnitude-dependence
of equivalent comfort contours for fore-and-aft,
lateral and vertical hand-transmitted vibration. J

wpp


https://jhsw.tums.ac.ir/article-1-6684-en.html

[ Downloaded from jhsw.tums.ac.ir on 2026-03-26 ]

e 516768 )} S (010 9 Cauws @ AIBLJGEDN ghlad) p woa gy b

19.

20.

21.

22.

23.

24.

Sound Vib. 2006;295(3-5):633-48.

ISO 5349. Mechanical vibration-measurement
and evaluation of human exposure to
hand transmitted vibration. International
Organization for Standardization; 2001.

Dong RG, Schopper AW, McDowell TW,
Welcome DE, Wu JZ, Smutz WP, et al
Vibration energy absorption (VEA) in human
fingers-hand-arm system. Med Eng Phys.
2004;26(6):483-92.

Sakakibara H, Kondo T, Miyao M, Yamada S,
Nakagawa T, Kobayashi F, et al. Transmission of
hand-arm vibration to the head. Scand ] Work
Environ Health. 1986;2(4 Spec No):359-61.
Welcome DE, Dong RG, Xu XS, Warren C,
McDowell TW, Wu JZ. An examination of
the vibration transmissibility of the hand-arm
system in three orthogonal directions. Int J Ind
Ergon. 2015;45:21-34.

Xu XS, Dong RG, Welcome DE, Warren C,
McDowell TW, Wu JZ. Vibrations transmitted
from human hands to upper arm, shoulder,
back, neck, and head. Int ] Ind Ergon. 2017;62:1-
12.

Adewusi SA, Rakheja S, Marcotte P, Boutin
J. Vibration transmissibility characteristics of
the human hand-arm system under different
postures, hand forces and excitation levels. |

wpp

25.

26.

27.

28.

29.

30.

Sound Vib. 2010;329(14):2953-71.

Feyzi M, Jafari A, Ahmadi H. The effect of
operation and engine speed on chainsaw
vibration. Journal of Agricultural Machinery.
2018;8(2):263-77. [Persian].

Arastou S. Fundamentals of practical economics
in forest mangement. Tehran: University of
Tehran press; 2007. [Persian].

Jahani A, Makhdoum M, Feghhi ], Etemad
V. Land use planning for forest management
for multiple use (harvesting, ecotourism and
protection) (case study: Patom district of
Kheyrud forest). Town and Country Planning.
2012;3(5):33-49. [Persian].

Jahani A, Makhdoum M, Feghhi J, Etemad V.
Landscape quality appraisal from look outs for
ecotourism land use (case study: Patom district
of Kheyrud forest). Environmental Researches.
2011;2(3):13-20. [Persian].

ISO 7505. Forestry machinery- chain saws-
measurement of hand-transmitted vibration.
International Organization for Standardization;
1986.

ISO 10819. Mechanical vibration and shock. In:
Method for the measurement and evaluation
of the vibration transmissibility of gloves at the
palm of the hand. International Organization for
Standardization; 2013.

11€0) oG /P a)ladds /1P sla )5 (iaal g Cublagy aslilnd


https://jhsw.tums.ac.ir/article-1-6684-en.html
http://www.tcpdf.org

