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Introduction

• University of Florence (GESAAF) - Department of Agricultural, 

Food and Forestry Systems

• Public Health and Safety Unit of Florence

• Territorial Office for Biodiversity of Vallombrosa 

• Chainsaws provided by Stihl company



Why still studying chainsaws ?

• Motormanual tree felling and processing by chainsaw are very

common operations in many countries

• In Italy: pruning, tree climbing, gardening, private users

(firewood – domestic heating), forest operations



Forest operations

• In forest operation the use of chainsaw is very common on steep

terrain – uneven (rough) terrain



Coppice harvesting - firewood
• Traditionally harvested by chainsaw, even if in the last years

small harvesters have been used on chestnut coppice (regular

stems)

• Problems: height of the stumps and

damages that may affect agamic regeneration



Forest operations

• The introduction of mechanised harvesting is often limited in

several countries by terrain conditions (e.g. steep terrain),

ownership fragmentation and close-to-nature management

criteria

• Regional forest regulations that in Pine stands allow regular

skidding tracks for these machines – (soil compaction)

• Clear cuts in poplar plantations

• Clear cuts for sanitary reasons

• At the landing in case of skylines for wood extraction



Disadvantages

• The use of chainsaws exposes operators to many risks (noise,

vibration stresses, and the exposure to wood dust and exhaust

gases)

• The negative consequences of the vibrations transmitted to the

hands and arms in chainsaw handling are:

• vascular system

• neurological system

• muscular system

• bony tissues



Daily limits

• European and Italian laws point out the following daily limits:

• the daily vibration limit is 5 ms-²

• the daily action limit is 2,5 ms-² - the use of P.P.E. is required 

• The analysis of vibration produced by chainsaws in real

working conditions was carried out to quantify the exposure of

workers as a function of:

• the chainsaw model

• the operator’s behaviour in handling the machine



The study

• Chainsaws: two cordless electric chainsaws powered by lithium

batteries were compared to two wired electric chainsaws;

• Widespread use in the last years in pruning and gardening

• The most important brands of chainsaws have addressed

many resources to develop and to improve these light tools

• Operators: chainsaw were handled by three forest workers with

high training level and experience;



The study

• ISO 5349-2:2001 Mechanical vibration – measurement and

evaluation of human exposure to hand-transmitted vibration



Material and methods

Tests were carried out in Central Italy and the site was equipped
with:

• saw logs of Fir with a diameter between 18 and 32 cm

• 1 analyzer (Svantek – 106)

• 3 triaxal accelerometers (SV 105 with an handheld adapter to
measure vibr. on both grips)

• 1 vibrometer (Larson Davis Hvm 100)

• 1 triaxal accelerometer (SEN 021)

• 1 calibrator (APTecnology AT01)



Chainsaws

Chainsaw Type Power (kW) Weight (kg)

MSA160T Li Battery n/a 3,6 (1)

MSA200C Li Battery n/a 4,7(2)

MSE180C Electric 1,8 4,6

MSE220C Electric 2,2 6,7
(1) Li Battery

AP115 - 118Wh

(2) Li Battery

AP180 - 178Wh



Chainsaws

Chainsaw

model

Guide 

bar

(cm)

Cutting

lenght

(cm)

Chain 

pitch

Cutting

tooth

profile

Logs Ø

and species

(cm)

MSA160T 30 25 3/8” Chisel Douglas fir, 18-19

MSA200C 35 30 3/8” 

Picco

Half-

round

Fir, 28-29,5

MSE180C 40 35 1/4” Half-

round

Fir, 27-28,5

MSE220C 45 40 1/4” Half-

round

Fir, 30-32

Guide bar length was related to logs diameter

Measures were collected for 8 cross cuts, for each grips, for each
chainsaws and for 3 operators (about 190 measures)



Results

• 3 measures were considered to evaluate vibration exposure:

• Acceleration aw (m/s2)

• Cutting time t (s)

• Dose aw
2 t (m2/s3)

• Both grips vibration should be analyzed but only the higher
value of acceleration should be considered



Acceleration - chainsaws

Tri axial

acceleration

(m/s2)

model n mean sd median min max

MSA160C 50 1,3 0,2 1,4 0,8 1,7

MSA200C 48 2,9 0,7 3,2 1,7 4,3

MSE180C 49 3,1 1,2 2,6 1,6 5,2

MSE220C 54 2,9 0,9 2,6 1,8 4,7



Acceleration - operators



Cutting time - chainsaws

cutting

time (s)

model n mean sd median min max

MSA160C 50 24,8 9,3 22,0 15,0 48,0

MSA200C 48 24,7 6,0 23,0 16,0 44,0

MSE180C 49 36,3 17,5 31,0 23,0 110,0

MSE220C 54 38,7 14,2 34,5 23,0 76,0



Cutting time – operators

operator



Dose - chainsaws

dose 

(m2/s3)

model n mean sd median min max

MSA160C 50 42,04 10,51 42,14 17,27 64,03

MSA200C 48 211,55 86,07 222,31 67,74 505,01

MSE180C 49 358,03 262,43 232,26 117,69 1122,72

MSE220C 54 338,73 205,28 264,71 89,53 1053,54



Dose – operator



Dose/operators/grips/chainsaws



Dose/knots surface



Discussion

•Results are consistent with the values reported in the chainsaws

user manuals

• Small differences are due to the wood species cut, the chain type

and to the sample size

• Noise exposure was also evaluated:

• Battery cordless chainsaws (81-82 dB(A))

• Electric wired chainsaws (85-90 dB(A))

• Values measured for traditional pruning chainsaws (internal

combustion engine) are 15-20 dB(A) higher



Discussion

• Cordless electric chainsaw showed lower values of vibrations

transmitted to the operator than wired electric chainsaws

• Operator behaviour in chainsaw’s handling may influence the

amount of vibrations measured

• Cordless electric chainsaws appear functional and indicated

especially in pruning and garden operation on small wood

diameters (about 20 cm) while wired models for non-professional

use



Discussion

• Battery chainsaw are recommended for processing small

diameters and for pruning. Climbers prefer these machines

because of the easier starter

• Wired electric chainsaws need to operate close to an electric

network (private domestic use, carpentry or wood working

industry

• Battery and electric wired machines are more ergonomic than

traditional ones, in terms of weight, noise and vibrations. They

should be recommended for those workers that have a partial

ability for the use of chainsaws



PREVIOUS STUDY - 2009



Low vibration chain

* “Low vibration chain ” - low vibration chain during cutting

° “Low kick-back chain” - chain with a special tooth profile that

reduces the “kick-back” effect



Results – Influence of chainsaw

“used” and “new” chainsaws

Chainsaw

Medium 

type

“used”

Medium 

type

used 

“avn”*

Light 

type

“new”

Medium 

type 

“new”

Heavy 

type 

“new"

Average aw  

(ms-2) 8,945 6,705 4,556 3,891 4,374

Average time 

(s) 79,1 75,8 74,9 55,8 58,5

Quantity 

(m2s-3) 6329 3409 1555 845 1119

A(8)** (ms-2)

6,325 4,741 3,222 2,752 3,093

* with new “low vibration mounts”

** level of daily exposure

Vibrations produced

by the “new” models

are four times lower

than those transmitted

by the “used” models



Influence of chain

The higher score corresponds to the lower vibration production

Chains n° 2, 7: lowest

amount of vibrations,

chisel cutting tooth

profile and a filing

angle respectively of

25° and 30°

The worst chains have

an half-round cutting

tooth profile and a filing

angle between 30° and

35°
Chain

Average 

vibration 

amount

Standard 

deviation

“normal” (1, 3, 5) 2779 m²s-² 517 m²s-²

low vibration” (2, 4, 6, 7) 2565 m²s-² 436 m²s-²

Chain Type
Cutting tooth 

profile
Filing angle Score

7
low vibration 

chain
chisel 30° 91

2
low vibration 

chain
chisel 25° 83

5 normal half-round 30° 67

4
low vibration 

chain
chisel 30° 61

3
low kick-back 

chain
half-round 30° 55

1 normal used half-round 30°-35° 31

6
low vibration 

chain
half-round 35° 26



Thank you for your 

attention!!!!



Statistical analysis

• Kruskal-Wallis rank 

sum

• Siegel and Castellan 

multiple comparison 

test 

model 

comparison obs.difference critical.difference

test 

result

MSA160C-

MSA200C 816:05:00 48:22:00 TRUE

MSA160C-

MSE180C 1008:03:00 351:59:00 TRUE

MSA160C-

MSE220C 868:35:00 227:42:00 TRUE

MSA200C-

MSE180C 473:37:00 306:02:00 FALSE

MSA200C-

MSE220C 334:10:00 767:48:00 FALSE

MSE180C-

MSE220C 142:13:00 492:57:00 FALSE

Comparison

matrix MSA160C MSA200C MSE180C MSE220C

MSA160C - TRUE TRUE TRUE

MSA200C TRUE - FALSE FALSE

MSE180C TRUE FALSE - FALSE

MSE220C TRUE FALSE FALSE -


