M~

3

V

AR

i X

LU T

F x v v - O B ¥F
BRESFHIT & 2 (FSEERTE O 1 5 & B M Ao

(N " pill B

The Noise of the Chainsaw

A simple method of evaluation of chainsaw noise by means
of sound level meter readings and the chainsaw noise
control criterion in bucking operation

Tomomichi FusHiMI

Summary : The noise of the chainsaw cause the hearing damage to the operator and also
increase the strain of nurve or the pulse-rate, furthermore, cause the contraction responce to the
blood-vessel-ending of the operator, consejuently, the affection of the chainsaw vibration!’ to the
operator are increased.

The author, therefore, has been interested not only in the vibration!’> but also in the noise of
chainsaw. The author measured, following the preceding report, the overall noise levels of some
recent chainsaws of foreign make at the point of the operator’s right ear when he is bucking timber,
engine revolution at the time being 2000—9000 rpm (in racing) and cross cutting timber (6000 rpm),
and conducted frequency analysis, in order to clarify the nature of the noise of the chainsaw in
operation, and also to make evaluation of noise in terms of Noise Rating Number with respect to
conservation of hearing, speech, communication and annoyance. And then, by means of the above
and other data of the chainsaw noise, the author investigated the correlation between sound level
meter readings by “A” network and the NR Numbers and showed the simple method of evaluation
of chainsaw noise and also the new noise control criterion about the chainsaw noise in operation.
The results obtained are summarized as follows:

I. Overall noise level and frequency analysis : Noise level of chainsaw at 6000~9000 rpm
engine speed in racing were within the range of 95.5~108.3 phon (=94.8~107.3 dB A), the muffler
of test chainsaw was remarkable improvement upon the chainsaw muffler heretofore in the silencing
effect and the change of the noise level between with muffler of current use and without muffler
were 7.8~12.8dB C. The silencing effect of the lead valve type muffler attached to the ‘McCulloch
CP70’ chainsaw was good at high engine speed (7000 rpm<C) and the frequency characteristics of the
sound pressure level proved the good silencing effect of this muffler in the high frequency band.
And the ‘Stihl 041 AV’ chainsaw showed the similar silencing effect. And then the volume of the
muffler attached to the ‘husgqvarna 65’ chainsaw was the greatest of all test machines' and the effect
of silencing was outstanding in comparison with the preceding one of the ‘Stihl Falcon’ chainsaw

that showed ideal characteristics to the control base curve of NR number 95, namely the sound
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spectrum of the ‘Husqvarna 65’ chainsaw showed ideal characteristics in close proximity to the control
base curve of NR number 90. The increase of overall noise level of this chainsaw in cross cutting
timber was 5~6 dB C. The following opinion, consequently, were cleared: (1) Both the chainsaw
engine and the chainsaw muffler must be small, light and power{ull. (2) Eut the muf{ler ought to
be made larger in volume than that of current use. (3) Increasing volume, the muffler ought to ke
facilitated that the muffler has the structure which attempted to the increase of silencing effect, for
example, the resonance chamber or the repeated mechanism of friction and expansion. And also, it is
necessary to tax ones ingenuity with the special silencing effect of such device as the lead valve.
T. Simple method of evaluation of chainsaw noise in operation : The change of NR number
(with respect to conservation of hearing) between in racing and in bucking cperation were 5 units.
In order to evaluation of chainsaw noise without the frequency analysis, the follcwing equation was
found between NRN and sound level meter reading by “A”, NRN= dB A— 3 (1). Substituting Eq.
(1) into Eq. (2), NRN (every 5 units) are obtained as follows : NRN (every 5 units) = 10x+y (2)
Case I 0<y<5 NRN (every 5 units) =10x+5 (3), Case I 5<y<<10 NRN (every 5 units)
=10 (x+1) (4). According to NRN (every 5 units) and to the values in the table 3, the safty cycle
in the chainsaw operation can be easily decided.
III. Noise control criterion in chainsaw operation: The author pertinently set the mnoise control
criterion of NRN 90 in racing (6000 rpm) and of NRN 95 in cross cutting timber (6000 rpm), and
then calculated the attenuation of the noise to keep the frequency characteristics of the sound pressure

level below the base line.

B E  BED2, 30Fx vV —OBREVAOWE BEESFEGRY, NREC X 2EEFMY
K25 %, Fovy —BEOBBHIELHLACTS L L b, FEHEEOHELEY RN L.

I EREZEOMBIRRTDEE VL EBENT  BE VL ORAEE, %8 6000~9000rpm T 95.5~
108.34 v (=dB-C)(94.8~107.3dB-A) Thh, thbF = vV —D~7 FOHUEIL ERI D TINT %,
<~y #5—CP70EL, V—F=77ICtBHIERENT.8~10.0dB-CT, BEEHICHKT B VAR,
Yok 7 & — 7 WHERIC 313 % BN, SRFBCE VGV IHEEIRSThTwSZ L wR LI, AF—
A 04IAV BT, <7 51T X IR 10.0~10.8dB-C Th b, ~A 7 A—F658E, ~7 71 L DBETEN
10.5~12.8dB-C » MLt AT, &F = vV — 22l H140 6000rpm O &R E 16dB & X
By, BH~75: LTBRCGECEERYTTE WL X 5, Yt 7 24— 73V F O NREIOICH T % LEHE
BLENTH D, WHERRENBRES Y <AL5~6dB-CHMT 5, ChbORREABEARERET DL, &
BNMAETLF - vV~ 750 Eh, HABEAMEL, KWECWE - EREORENEHEL LD
RATEHCTHEEBIC, V— FHROX S RESHMRHEEL TRXT 2 LEIRBD LI D,

I F=vy—-BEORESEEE: 5= vy —BECHT HFEEOEIRHED D OFHIER (NR
O 1, ZelERC R U OBINEE 5 MM LN TH B, F= v Y ~BEDOAWRERIL LI, EREERA
P DFERS S NRE=dB-A—3 (1)ic £ h NREZRD D Z L TE D, K1) E#NR H=102+2 (2)& L, 0
<y<5 b NRE=10x+5 (3), 5<¥<<10 7sH, NR¥=10(z+ 1) (4) © X - T, 5HMZIHD NRE %
RDDHEENEED, ML LT, BT, F= vV -BECHTIRERFES A 7 VOHEERRHT L,

M F = vy —FEOBREHEEIEEE : FOKEEND, 72 vy —FERCRT 2BEHRAMIMEL LT, 2R
6000rpm T NR# =90, EfEsEm: (GEMT+ 6000rpm) NR¥=095 73, {F¥E#EOWNREDOLLE» LHEYITHS
LEWELMICL, Fx vV —BERAMNOEER L,

I ¥ A b =

PESEIRENC AL 5 BRI, —ROAFEO—2 LT, HEMASEH Sh, B X DRHONESR L 78> T %,
F - vV —DBREHE, FEBSENARILEROMCHD Z h% L, —BIAEO—~RE LTOY =1 MUK
WEEbRS, L, BNFLEEHSER LT, BHEEEREORR L L50R LY, BEI X ) HRED



RREEL, RMEOHM, ODEROEL (954 v=95dB-C<0) X LITILHIEIME OINHHK T (70dB-A<) 233
bbb, F = VY~ DRMIC L HIEEE~DEELEBFT AL LDTH LY, Fhik, EHXF vy —
DIRBEP, & FIRFIC, BFEBICOWTELEHE > T3,

B, ANOF = vy — 10O E, BEV-A%HE, BERSHIC LY BEFMES% Noise Rating
Number) IZ X 2F{liz 778\, F = vV ~REORFEECOVTER L, 0%, LVBETHNLT «
VY =B EN, 7 ICIHEDOLLENELNREDT, 2, 3OBEOBREHMERLR, F vy —BEOD
BHFEHIE LT T & & bic, HEEELERFL, BEHRAOHREYY b Lz,

I £ B 5K &

BRI, AF—r=a—9 & 041AVE (PR, AEERS.6keg, PEKE61cC), v » 7 —CP70El Ck
H, AEER6.1kg, HKET0c) B IV A7 S—3658 (A - —F v, KEEER 6.2kg, P& E65cc) T
bBo L, ~A7A—F65HD~ 7 71k, HKINEHRTTHCH2HBE (1) & IBKET - TEbh
7o, PKALDATLEITESH B D () ODEY 75,

HEHABO~7 70& L, v 7 IWMVITT LD, FY LB EEEOLABEOMBIET BT L~
s (dB-C & dB-A) (K3, FHC b h DWHEIL dB-CTh %) T Es (SM—5844) T &k
T—sava—x (R—400) Ci&EL, REBELIVHE (SA—56A) THWTAHLEbIC, EREEA 7 2~
TAVEVr-r (0.B.L) AR LEHE, ISO (6l) DREC K ZNREIC X » CEBREHMA 5 - T

I FI)-BELNILEGHHER

1. fEEEDMEDEE VIV

EUDIFEORBICH AFEZEDAFOMBE S WTHE LLF = vV —~BE VAL ER-11EFRT,

BEVSAVOERRL, [EEVSAWERERY | KX, SORXICHRL, ABETHs el -
T3 (BHHOWEOHER, ABETHSIE 2, PrELIOEULOHEN LIV, 2F), bREO
Vit dB—A TH Y, AK®D Loudness level (phon) & IiZEA%, FoTHAPETIE, ALC OFEHDES
RKDTWB, #¥EEL S dB—C 1% dB—A b 1dB HEKAEL, EEEGETCFDENKEI T,
B— 1T, B> LHKRT570, HRER 85K vEL RIXCRMI X » o fEx VT 5,

B EEREL 2500~9000 rpm DT KIFT BEEET VA DL, WIhd MERO At Bl
L, EPRC—ROEABFRICH S L Bbh b,

HREBEOHH ~ 7 7 EHFRERS v~ 6000~9000 rpm IZ3\ v T, 95.5~104.6 &+ v (94.8dB— A~
102.8dB—A) ¥ XU 105.5~108.5 & v (105.0 dB—A~106.7dB—A) O#FEIC ST 5, ~v H# 5 — CP70
R XIOAF— v 4IAVEIDOREE V~iX, fiilP Y T CRIFEHLCAF -1 772 VIE (k<7
F0F) DEEVASACEELTW%, ch bR TiE 3000~6000rpm T CP70 B D /5728 041A VE X
D RREAS, 7000rpm PLETIE, L7742 vIBI D A MEEHELREL 2~4dBEV, ~R 7 A~
76581, =75 TRBIOCTEHFROLFELEELTRL, L IRHETHBEL ) MESHENETID, 77102y
TROEEZE V< X b P 3000rpm T 10dB, 6000rpm T 6dB X HIZ 8 ~9000rpm TiI#I2dBIEL,

CHBB= 7 FHEEHOBRE VLY, FRERO<7 VI TLHRELV L EERTRD, ~7 57
LOEET U~ 6000rpm T~ v 5 CP70H & 25— 041AVEIZ, 112dB ET 501, ~R 27—
F65HITlE, 107dB & & 2{E\, 7000~8000rpm Tik, 112.5~114.0dB % X 08 113.5~115.5dB & = &
LELLTCWD, TRHOfENL, BH~7 70 MESHFRES, 6000 rpm T 7.8~12.8dB, 8000 rpm T 6.5~
10.7dB OofifiicH v, 7= vV —<7F L LTUL, b IWHEZRLTWASE WL X5,

U EBREVvSLOBREND, AF—L041AVENE, 7742 vIE X D/ET, LardMERSLHELT
WHZE, FhwyhT—CPIOEIZY —FAR <7710k 5T, {ERLILBNLD BEYTT L0 b
ol EXWEARAZ A—F 65BOMENTH, 77ravidd, X5MREERLELTWBENERSH
5,

2. 1EEEOMBEORE DS

K OEY Y FELRBCH HIFEZOEFOMBIC KT S, 7= vV —BERYF 7 2 — 7HR LR
DEBR~RD,



=l B« B e P o T o pll )

120
115 == Z
—k”
Lol //
/ fﬁ f
110 7 /, - i
7 //
¥ . 4
50 A )
O m 105 = =
m 4 i
g} 4
I I‘L ’/ //)! //
S 1 4 // fa
N & 100 7 5 /g
) [ A 2
P / ey
- / ;/ Y
] / v z,
D> / 2, s
"2 3 Bl 7= V.
AN o e‘/l/ L,
w ] -
@ Z 90 / ',/ / 6
c h/ T\
/ e\
85 ¥ & .
4 )
===
g 2604 2
80 Z
2 3 4 5 6 7 8 9)(10’

= vy voliEH
Engine Revolution per Minute
AF—)L 041 AV BH=7720%) Stihl 041 AV (with current using muffler)

” (=7357L) ” (without muffler)
AF—n77ray (k<7 70F) Stihl Falcon (with special muffler)
” (=75kL) 7 (without muffler)
<~y A5~ CP—70 BHEA~<7520%) McCulloch CP—70 (with current using muffler)
” (=737kL) ” (without muffler)
NA T SN—F 65 FEHE~75—I#ico%) Husqvrna 65 (wrth current using muffler- 1)
" (I#@~=7520%) ” (with muffler 1)
” (=7357kL) ” (without muffler)

M-1. F=vY—0OBREV~<r FEBOAFOMBIIT)
Fig. 1. The noise level of the chainsaw (at the level equivalent to the operator’s right
ear when he is bucking wood)
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Fig.-2-a. Muffler of “McCulloch CP—70” Chainsaw
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Fig. 2-b. The frequency analysis of ‘McCulloch CP—70’ chainsaw noise
and the required attenuation of noise
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X =77l (0. A. 108.0 dB-C) without muffler
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Fig.4. The frejuency analysis of ‘Stihl Falcon’ chainsaw noise and the
required attenuation of noise
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Fig. 5-b. The frequency analysis of ‘Husqvarna 65’ chainsaw noise and
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ORENFE#ELYHINE LBl R EETH D, ZDhdic, BELA 72— 758 L, #ELNREK (Noise
Rating Number) #2435 O.B.L. fH (¥ NR KD 5 BAAATRINTNT 5 BUKILOR THM I
%) RS L, FOEEEAZERER 500Hz, 1000Hz 35 X 08 2000Hz D=V FO NREOD 5 bERED S D%
LD, TRZhOBEED NREE L, BHBCHK - BEEFHTZT2 5,

-7 NR i & fHR=EBEO Ml ) 0~ 7 7 REBI BT 2 ZEREED O.B.L. (V27 2—75H
B L B RABRESVHRERLDAR LTI 772y THMOZh%ERT, 6000rpm TIX, AF~—/L041A
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Fig. 7. The Noise Rating Number of the chainsaw

VE#l3s L O~< v 7 5 — CP70 2 NRE100 THHDIR L, ~A27 A—76584%, I « IH L3 NR HY5CT,
ZrAa vIBMIELWS, FA-AVFVUEE, 7742 vIE X DK, 8000rpm Tid, HEER4HE
2, JE7 743 vIBIDECLVALKKH D, NREIZAEKLIS TED /o, ~ ¥ » 5 —CP70EIL & EE
e 1) % ERBER ST 5 ME DRI T <R TO B ERENREA 100 IEF - T b, THBNREIC X 5T
REINDBEDS LT, FEENKACHEREL 4 Ui\ od DF R EHRESRZY, ISO BB ST, F =
vV —RICRTER-2 DL THD, Thbb, KANCHEREELZEIL O DCHIND HEita i
1%, NR$95C50% M, NRE100 T257 [ & Hic NRE105TIZISA M T E 74\ & LNRECOIAE T3 T,
HR G REREII1200 e AT 5,

HRENC IR IR DBEEC S bIN D & ¥, KANBEIRED DI LELRIEFR: NRE: 0MiErE
-3 kKAHDHE, NRE 105 TIX, 55 L 75 DKIE, 105K LTk 365 OKIEAME, 124 Tz LAY
ERKICESE, 150 TRERET S, NREI100TIE 5 5CH L 450Kk, 1550E% L1795 OKIETH B3,
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Table 2. The Noise Rating Number of chainssaw and the allowable
on-time needed to conserve the hearing of operator

- E N R K AR ()
Noise Rating number allowable on-time (m)
type of chainsaw 3000rpm | 6000rpm | 8000rpm | 3000rpm | 6000rpm | 8000rpm
Husqvarna 65 (1) 75 9 105 1500<< 50 15
(m 80 95 105 1500<< 50 15
without muffler 105 105 115 15 15 7
McCulloch CP—70 90 100 110 110 25 9
without muffler — 110 115 == 9
Stihl 041 AV 90 100 105 110 25 15
without muffler — 110 115 — 9 7
Stihl Falcon (1) (90) 100 105 110 25 15
without muffler (100) 105 110 25 15 9

%-3. NR Fuci-o < MR FHERH L, I1SOC6L) & X 2BEIRED 7D L E e IR LR
Table 3. The relation between on-time and off-time based on NR number
with respect to conservation of hearing

N

R
Noise Rating Number 90 95 100 105

BEICHD TS OIBMMG) | (30| 5[10/15|20|25[ 30| 5/10|15|20 | 5|10

on-time (m

BRS i B IKIER (7)) 2.5 3|25 4| 4| 5|10| 20| 4| 8|17 160 7|36

off-time (m)

+ v x 7R/ A .
on-off cycle/day 38 |14 |64 | 342519 13| 9[53[26|15| 2|40 10

1 H 48050 fF% : 480 mimutes working/day

20917 B & 160 DEWKIEEE A LE L T5, EHiIc, NRES TIRI0OH/EK L 45 DKIE, 2003 L 5
SOk, 305X L0 DIKIERABETH B, WE, F =z vV —BEEDO NREHDIOKTTHIE, 105 L
2.55 Dk, 305X L 3 5 OKIETHESR, —ERENORENEIEYZE LS MT LN TE S,

ISO OMIKERZIC X 5 —HiIBE D% (TTS) KW Ti, # v« 4 7 B EHACETISh, &
TOBbYEA VY EAL 2PRDEREL, WTHhOA4 v 41 AEBCE TS 2KHz OFE TTS, % 12dB &
LG, RESMEAD #EALceELbhD, chEL, EFASY X EVEAMA L #EEa
W, TTS, 12 dB LT &3 & Al LB X % & K-8 O i Rm TR & 7 b, FWKOERHRT ISO
DERCL DL, EVAOBFICOWTL, BEOEELBICHHMETHERC/LD I LERL TS, Lt
Do THIRDOE BB TES 2 Lt/ 52, BEERFALMREZFCOVTUL, IODEKRFHXETLLTV%0
T, BiRkE OBE [ ISO C6l) X » TREFZED TS,

F o VY —EEHEED O.B.L, x4 5, KHEER GENF 6000rpm) EEFDO.B.L. DWEMED 5
B, NRECHIECLE 4 7 % — 75 v P AR 500Hz, 1000Hz 3 X 0°2000HzDO0.B. L. %#%E-4 1R T,
CHHUSADOBIE, F= vy - O AMoREE MHEOBRGILLTEEINSD, ZOFTIL 500Hz
4T 1.8~7.5dB, 100Hz %45 C 3.6~9.0dB ¥ X0° 2000Hz T 1.9~5.1dB Th b, RBEFFEMEL (NR
¥ 1RZeiE 010015 L, A RN 100~105T, %< OFKMATL06LNTH -7,

<~ %5 —CP70B DAY (HE35em) SEMRERTE L ~id 110.8dB TZeEk; & b 6dB AL, NREUE
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Parameter : NR-Number; Solid line : ISO; broken line : Shoji et al.
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Fig. 8. The relation between intermittent noise and tolerance limit values depending on ISO(’61)

105Th b, X HICATF — A 041AV B OYEREIASENIFEEE v ~1iX 107dB C, ik X ) 5dB #K L, NR#E
13105Th Do A 7 -5 —F65E DUFFEIASRMIRGEE S L~ 11k, 101.5dB ¢, Z2imM; X b 6dB#mL, O.B.L
¥ 500Hz ¢ 90.3dB, 1000Hz T 97.4dB, 2000Hz ‘T 94.6dB & 7ch, NR X 100 Th %, AR
OFtic X5 O.B.L. OFE®, HHRETHSLThE, ~A 27 3—F 658 Tid 500Hz 55 89.9~95.6
dB, 1000Hz f4A% 93.0~98.4dB %7 2000Hz FRZH% 90.7~93.9dB T, NR¥uUL 95~100 & 7ch, LicHE
BAARSEMTRE UL & ORIFAPIC b Bo ~ A7 A —F 65D~ 7 FILHTFHRNAE VA, SFEWMRCIIATT WA
KRE L, ZEERT R 5 A MRS Vv A OBAEE2, MEEL )P REV, LiL, BEVALEK
N TNREL/NIEL, F2 vV — LTOEAEERALH U T\,

TNRHOERTIE, F= vy —OBEHEO NREX, AHEERFCEEROMLY 5BEWEKRT S LWL
PThHD, LicdhoT, HRBBEEOHIEDT = vV —TlY, TR E SR b, RNH SRR K OBIE DR
HEEATRETH D, FOMEITHRENCTHEIDTHS, 2L LT, NR E2RFhiE- 32 bEERF
BRI AR MR OBR IR L, 1 B 8B OEERHPIC T 5 “4 v « 4 7 B (BRER & LERIERRHO
BOBLED #RDDZLNTED,

V FIrV-BEOHSFTME

MO X 5ic, BEOFHECIY, FMOBEALD, WTFhLBERSVIZERE L, I1SO »H3ET 5N
REC X % B 5 & B4 Tty ISO Tk, BEESHOTE WAL D \VIETFR L Mg 5%
LIcWEBE Db Db 5 7e HaEk s LT, BEEo Ak, fast response TH| - 7-flE (B&F v ~1r“A”, dB-
A) B8 EF\IcfEi%, HIED NR $ e LTX\, T7sbb dB-A—8=NR K/ sBfEE R LT\ %,

F VY —DBEEESHL, BECHK > TRDI NRELESE LV~ dBYA” OB RTLE K-90DLE
DThad, HPOHMEF = vV —BEED NRE%Z, ¥@ERIhT5 [5HEMALD NREK 95 O.B.
L. Off] X5 TRDILLDTHD, BIXCNDLOEE, 1HEMLAD NRE CFHMLACSDTHD, B
BT AL RATHER TR0, BARLE—B LY FLTw5b, ORI, WEE (EhLo
) DiErA LD, NRE=dAB-A—5 ODEHE NR¥=dIB-A OEHOMCHMHL, FHt dB-A XY
13E 3 BAPNIVERER LTV, BREHCHINTWBEEINNIWEZAT £2dB THB O 2 L vEL
W, KFEFOF = vy —BETIE, BEHOABECIZEE VAL 3IEREF I DY, ZCEED
NRE L HTEWTHA D,
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Table 4. Octave band level of chainsaw in cross cutting timber

\\\jvm o F I R—T AV UL O.A
~ O R octave band level NRN - A
™~ center freguency (dB ©)
o 500 Hz | 1000 Hz | 2000 Hz
72fiz racing 6000 rpm \ 97.7 93,7 93.6 100 103.5
m oM W a + 4.2 + 5.2 + 1.9 100 107.5
in cross cutting of b + 1.8 + 3.6 + 3.6 100 105.5
= square wood d + 5.5 + 9.0 + 5.1 105 108.0
5 (6000 rpm) e + 7.0 + 7.9 + 3.7 105 108.5
2 g + 7.5 + 7.0 + 3.5 105 108.5
Q
= SO B M a + 4.9 + 1.5 + 3.0 105 107.5
in cross cutting b + 3.8 + 4.6 + 1.3 100 106.5
of log d + 5.4 + 6.6 + 6.0 105 108.5
(6000 rpm) e + 8.0 + 4.9 + 5.5 105 110.0
f + 6.4 + 4.1 + 5.5 105 109.0
Husgvarna 65
72 #iz  racing 6000 rpm 88.1 89.4 88.8 95 95.5
FLARSERT 6000 rpm c + 2.2 + 8.0 + 5.8 100 101.5
in cross cutting of log
McCulloch CP 70
72 i 6000 rpm 101.6 97.1 96.8 100 104.8
FLASEWT 6000 rpm c + 5.4 + 5.6 + 6.2 105 110.8
in cross cutting of log
Stihl 041 AV
72 ¥z 6000 rpm 99.4 98.1 90.6 100 102.0
SLASENT 6000 rpm c + 5.7 + 5.1 + 2.8 105 107.0
in cross cutting of log
a, v/ % japanese cypress; b. A F Cryptomeria;
c. ¥R  maritimepine; d. 7 7 beechtree;
e, ¥Y¥¥ zelkova; f. »=7 Acer palmatum;
g, IRA Betula carpinifolia

B X 51, ISO TR HEDHE, BV~ dB-A »nb 8%F|K Lo Tkh, EXETOK
SHEEID o3 dB-A 55 5 &5\ eflEh NRE 255 2 ENFRIRTWT, F 2 vV —BHEIC DWW TORER
YRS, BEERTOFN TR, BEASMELR s TOAEITORNFLTHY, FLBEVASARKRED

(60dB-A~110dB-A) 7, V~ARHERIEL CTHERERS OEScborEL L, BE—HrARL TV
founiod, ISO L OMERAE U EL bbb, F2 vV Y —BETIE, FHCRERCERELICRBOREE
B b, FIEYY XD EWHICES VARSI L (80dB-A~115dB-A), £EOERAWRI 2 & THA,
NR b KX, BE—ROKEND B FolbDORTERY bIF LB LindfER, 0I5B 24ET
7’:&%% rQhZ)o

FORERND, Fx vV —BEORTRRETOAKEC X 55HD, KA LD,

NR#=dB-A—3 (1)
HBECT = v —BEORMAMTIETH D Lhvbh ok, & HIREMEC (5 BAIKIZT) BRE A K
b, fEEH A 7 A EHETHRIIROFIAC X %, Tiabb, (VRTXEXRORATEEN»Z %,
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Fig. 9. “A” meter reading of chainsaw noise and NR number with respect
to Conservation of Hearing

NR¥=10x+Y (2)
XIT10L EOHTOR, YL 1 DHOEETFT. WE, 0XY=<5 7b NR¥=10x+5 (3

Fi, 5<<Y<10 7o NR¥=10 (x+1) (4)

X oT, 5MMZIZD NR Fxkds o LK,

Fio, WRBEEFOAFEOTAND, EHE, 5BEMXAOEEFMEY NRE) 2kosz it s,
Tbb, dB-ADHLD 1 DHFOEH 3 ~7 ThiuE, NREOD 1 Ok 5 TLOOH L it dB-A OFEm r —
3%, oz, dB-A 2 93~97 ThiuX, NR EiX95L HET %, ¥/ dB-A OHLD 1 OHinT L h kX
W 3R ChH Y, NREUL, dB-AEC&KBIILL, KEVFTO 5 BMLADONRNECE L, 7ok 21¥dB-
A A 98~102C ¥, NREL 100~105 L HETZ2DOTHS (K-8, ZDL5RTHLIFLALY DS
A, 5 BALILOFHEE & —FT B,

LEDWThMNC X » T, RSN 5 BAZIHRD NREEEBECKRD, FheikonwT, BEIhLH
RHED B DOBFCTHHEA V « 47 24 AL (E-3) AV, BWIERF - vV —FERLER B
BT ZENTE %,

VI Frry—{FRBFREREIELE

RO CRB T, Fx vV —~EHEOBRBIKEL LT, (FEEOHOMBICE\TNRE 952K L T\ 5,
Z AU PR 10BRE D 28R 6000rpm 11T HEKBREH GO NRE2Y, 132 ALY 95CTHBIEND T, AF
—A7 7 a VEICE Bk~ 7 7 R EE L O %R 6000rpm ISR\ Th, NR $95 Th T, FOoHHERC
Yax 7 s — 73w F i NREUMR 2 EH LB A OLERERS Xbo T, BREEELEIrthB Y
DR, Fz vy —BEBHOREEL LT, NR K5I EFEROTTEEM: % 5 & A ZM Il Th 5 & 1l
nicicdTh s,

SEEHCER Lic ~A 2 3= 76581%, K-7 @3k dic, IBZEH 6000rpm T, NREO5TH B, =
F=A7 73 VIBOEREERD L, 2FOFEVSARNZE LK, Filst 7 5 — 73 FH NRE#



WrEATsE, M-4CRTI5E, 7702 vITEEE NRE9S i3 2 LERFE R R T2 LENH 50
ZRL, ~A27A~A—7658 (®-5) TIRLOLEMNLL, NRE Cx45HERFEELRFTIIE I\, L
b ZDRAMEF 3dB T ER\, Licdi-» T, EOHBIKERECHEL COELTM2ATHE, Fx vV
— QAT 6000rpm I HIF HEEHHOHE L LTNREIOEEZ 5 2 L kKB,

F o, ARMEEEEC OV, METHBMC L X 51, EIEFICHT5 NREOHMI S N EEL D
B 5, ZEENRIEI00CK L, A ERENRE100~105, 2R NREOSICHK L, AHFEEMH95~100& 7t
e B, Fx vy —BEY LILORGIEE NREIOW  CHH L 2 -FciX, EFERO NREIZBLE K5
T ENEL B, (FENE L DERIEFME OV A 2 IR CHEIND, L -T, Fz vV —{FECE
WCHBEE TR EORBIAREY, EHFNR £ 90, EFEK NREBCHRET L LR E LWV ELRET
B NAZA—FSBDIFER, ZOEN, REDLD TR EHREL T2,

i @ ER U

WIED2,3DF = vV —DREEVAAEJESTL, BEFME AR, ZOKE, ~v»7—CPI0RIL,
)= FH~7 SR EDBWEENKE L, BHEEBHCRWTEE VMRS 2, FRBESEACIEERBRR S
TOMBENENRTSTCTNB T Eibhole, Fh, AF—A 041AV Y, T<HEHEGREELT LI, ~A
7 A — 5658, HERBRRELEVNEDERYFELEND TR, FRTER L7 7 A2 vIBEID L, &
OV RAN—BED 5Tz THHDOFERID, BENHYERINEZF vV -H~77t 02 8%, H5E
EORBIKAZEND, MEHEORAYAICTHLLIL, V—FH~77 (v hT7—Dfick—25 1
FAHERAD) DX IEBREEN TR E T OERS D L XMFAT L ENTE D,

F z vV —AEECRIT DR EF Mz iy & EIEER: LoV TRA, EEREETIERO O.B.L. ©
WU, FEIFE CRMEN BOMLEYZETHZLE T, MKOEFEREFMER LMD LN TES
TERFLL, XD, Fx vy —BEORRREC LS ABYOFAAIY, LHlfe NRi=dB-A—3
T oT, NREBVHETAZLENTELZLRHOLNCTHLLIE, 22z NRE (1BELZ) 5
HBHVCITHEHEABNEOTAN D, EEC 5 BMAAD NRE (—CHvHh5) &k, BeklFErA 70
FHET HHEELH LT L,

¥, Fo vV —fFECRNT, BELIRE, BESGKEEL LT 2 (6000 rpm) K NR#90, FEfE
%W ORMEERT6000rpm) NREOSHHEE L\ 252, FRE L,

Db kb, Fzv? —FECKT 2BEOHMEREFTL, FEEORNRHED Bt SEETRE, 7=
vV —FEROBERG O S kA B b L,
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