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EU Directive and Physical Agent Directive (Vibration)?3, SFp% 17 £ 7 AIZEUMBETRZ— h L1z,
ZOEU SR L TR BBALICHEELZR > TV A EEICT, BITRORRIZOVWTHEL, bHBEOD
10 REBREHLEHBIZ TEAONTE TS IRV VIICEL TRV AND Z LSRR TAT
THRHENEIDIZONT, FRI1TEIAS A9 A 17T HOERICTRELZD T, ZOR/BRIZONT
WETEHIHLOTHD,

2 : {ifT &7z EU Directive and Physical Agent Directive (Vibration)
Z 2T, fHEIC 7 B LV EFTE N TV 3 EU Directive & Physical Agent Directive (Vibration)?s £ ® X
IRLDTH I EHBICHAT S,

(a) Directive 98/37/EC of the European Parliament and of the council of 22 June 1998 on the approximation
of the laws of Member States relating to machinery. (Machinery Safety Directive)
“Vibration: Machinery must be designed and constructed that risks resulting from vibrations produced by the
machinery are reduced to the lowest level, taking account of technical progress and the availability of means
of reducing vibration, in particular at source.”
“WRE) : IR OFRE - BER, HCRBE CORBEBREMORRE L £ DHEOFATESEZER
DL, BREIZIBBRERBELNVCMADEICTEH L
“Apart from the minimum requirements set out in 1.7.4 of this Directive, the instruction handbook must
contain the following information:
(1) regarding the vibration emitted by the machinery, either the actual value or a figure calculated from
measurements performed on identical machinery: '
- the weighted root mean square acceleration value to which the arms are subjected, if it
exceeds 2.5 m/sz, should it not exceed 2.5 m/s2, this must be mentioned.
- The weighted root mean square acceleration value to which the bod’yA (feet or posterior)
is subjected, if it exceeds 0.5 m/s’, should not exceed 0.5 m/s’, this must be mentioned.
REANFETH S 2.5m/5" 2B L TV EDVRVHORTEERETITONTHD,
Where the harmonized standards are not applied, the vibration must be measured using the most

appropriate method for the machinery concerned.
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The manufacturer must indicate the operating conditions of the machinery during measurement and
which methods were used for taking the measurement;

03] in the case of machinery allowing several uses depending on the equipment used, manufacturers of

basic machinery to which interchangeable equipment may be attached and manufacturers of the

interchangeable equipment must provide the necessary information to enable the equipment to be

fitted and used safely.

(b) Directive 2002/44/EC of the European parliament and of the council 0f 25 June 2002 on the
' minimum health and safety requirements regarding the exposure of workers to the risks arising
from physical agents (vibration)
ZOPIE, FHES 89/39VEECHE 16 % (1) OBMIZRIT2MERESTH Y . BIRRIREER
BOOAELD, HEVIIELLFAEEOD ZRL L RE~OBR»LFBE2RET L LDOORKIE
VEFEZEDTVD,
EC 4 (2002/44/EC)

Directive 2002/44/EC of the European Parliament and of the Council of 25 June 2002 on the minimum health and
safety requirements regarding the exposure of workers to the risks arising from physical agents (vibration)'C“li\ FhitR
B OVWTROK S ICREL TV D,

1) MEAEIE, 20054E7 A 6 AETIZ, ZOHEFICHAT D HICLBERER FA-BF & £ L 2T hidi

DRV,

2)1 B 8 RO S MBHIMERE L LT, RERERFE(exposure limit value)% 5 m/s’rms & L. REVBREXK

{H(exposure action value)% 2.5 m/s’mms & %5,
3)BIE X 1SO 5349-1:2001 IZHEV . FREHEMEE (rms)?D 3 BERRAED 8 R %M RE & THET 2,
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Definition
For the purpose of this Directive, the following terms shall mean:
‘hand-arm vibration’: the mechanical vibration that, when transmitted to the human hand-arm system, entails risks

to the health and safety of workers, in particular vascular, bone or joint, neurological or muscular disorders;

[EHHRE) : AOFHRERIGEL, FBHEORRLEZ2IHNT HERNE. HiChE. &, B
g, PR, HROEETICHT DERMEZ M4 D BRIRE,

(1) REBREBRIT, BEFTCHRBEORFICTHARERL AL, ELRERTHEREERZE LT Z
CERERESETHEEORME,. FIE, FRREEBRTHZLIZL- T, LV SROICHINET
B LRTED, EERELELFRCETIRER. BRTI5BEORBICERT S D
DTH 5,

2) oS BRI EORLELEZUET IEMEBOEANICETS 19894F 6
B 12 BOF#ESE4S 89/391/EEC#E 16 4% (1) O HMICBITHAEEFTH LD, D
BAICEENS LV BB TREOHTEIIR b3 Z L 2L [ FFESE4S 89/391/EEC 139
BEOERPBRBILEREIND,

Exposure limit values and action values

For hand-arm vibration:

(a) the daily exposure limit value standardized to an eight-hour reference period shall be 5 m/s’;

(b) the daily exposure action value standardized to an eight-hour reference period shall be 2.5 m/s’.

Workers’ exposure to hand-arm vibration shall be assessed or measured on the basis of the provisions of Point 1 of

Part A of the Annex.

 FBREICOWVT

(a) SERRICERELENT- 1 BREMBAE (1 A SEHEIRERFE) % Sm/s?2 LT 5,

(b) SERICERLENT- 1 H SHBRBEREAFRME (1 A SKHHEZREREBXNEME % 25m/s2L ¥

%,
BEBEOERENERIT. HEOA. F1EAEOHAECESVTHERLREENS,

IOBREETIE., FOLIRKREZIT T, XERNOEMEB L TEDIIRENEI 2o TWVEINIID
WTE e,
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2. EEORR

EETIE, HEHECEETINTIRAOREEOER - RTFREVHEKRRNI N, TREZVZALTH
LR OMEE (EPTA) R ERFLCRY, TEA—I—noRHINTWIESMEIZESE, 1
B 8 By D&MIRENILERE & L T, IREIBRER A E(exposure limit value)s m/s2rms ZEHEIZ L T, X
{5 B (Traffic Light System) * S5 4DV AT L&EA L, TROERBOMERRM L ERRER OGS 72
RRFELEL, TOEFETEZNENIIT> TV 5, Traffic Light System O BMA FTRICTREN
T3,

Objective of Traffic Light System

1. Toinform the operator of safe usage time

2. To make him re-consider usage time on the tools and whether he can reduce machine
axposure time (but still get job donet)

3. To encourage him fo liase with site safety & operational management teams & to

review “rigk assessment® if appropriate

To consider better or quicker ways of achieving job process - Rigs, Remote Control,

More Efficient Machines etc

To encourage machine training

To reduce HAVS rigks

To enhance Occupational Health benefits

To avoid & reduce tocl misuse

. To improve job process

10.To be more productive

11.To be SAFER at WORK all the time!

oceNaGn b

Vibration in | Maximum daily usage time in
hours

8 hours

raximum 8 hours Max

daily use

Consuit your
supervisor

The time figures (in hours) detailed above relate to maximum daily dosas, which should
not be exceeded. Therefore please note: - if a medium risk (- : "= ) machine is used for
the max 2 hours during the day, no other machine or equipment, producing vibration, can
be used in that day because the maximum daily dose would be exceeded. Health &
Safety regulations require a furthar risk assessmeant to be carried out before the 2-hour
time limit ia reached.

Coloured stickers (Green, . = & Rzd) will be attached to all vibration producing
machines and equipment; these will assist employers, employees and users to identify the
risk level of the machine or equipment.

Itis important to note that these colour codes are allocated to each machine based upon
the manufacturer’s recommendations and information an vibration levels. They can only be
guaranteed if the recommended accessories are used, the machine is used corractly in
accordance with the manufactures instructions and Health & Safety procedures are
implemented as appropriate, including Personnel Protective Equipment (PPE).
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ZLT, FLREVV A2 TRA-I—DESHEICESNT, K- B - ROSEZTVWTRO X

IRREMBITERL TN,
Aper Supples NMD 1020S 4C0 185 RIS
Apo Suopies NMD 10005 250 . Potshng Bnsh Q954 T
Apex SUdpies NMD 10038 350 - Green Srush [3:1] L
Aper Suppiny NWD 1000M 400 195 Lo
Apmx Supries NMD 000M 450 215 L
Apex Suoplies NMD 100aM 5C0 1.9 Ltes
Apex Sucliss NMD 1200S 456 - Green Qruzh 0’8 Ll
Apex Suppies NMD 12005 250 - Red'Slue Brush 133 Cae
Apex Supples NMD 12038 450 - Red Pad 117 Pt
Cele PCI50 Petr 393 Cas
Aol PCL0A Petrt 343 Teene
Bejlr PC450 Patra 39)
Eella PCS500 Petrat 347 :
Birch:wood Produity GMP 18 Lswnmower 0 0 Hex
Sirckwood Progucts GMSP 18 Lawnmower 0on ey
Etrchwand Profurs GMP 21 Lamnmer 1200 LN
Birchwaod Progusts GMSF 21 Lasmrmower 231 oz
Buchwaod Produzss GMSP 23 tasnmower 1209) Sea
Eirchwand Producs GMBC Erverastiorn 4.10 el
Birchwand Prodgss GMHC Hedgetimemer 2.1 S
Bachwood Produsts GMC Cultreator A M
Birchwood Pragurs GMTLC Turfcutter 213 [
Bosch USH 27 Damotacn Hamrmer 1300 g
Roseh GSH Z7 Derrsiition Harmer 399 26
Bomch U8 10 Demaoltion Hammer 70 R
Bomcn G5H 5CE Demnaimon Hammer 4N Gied
Boaen GSH 10T Ceenaition Hammer 49N iz
Bowch GSH 4 Oemoliton Hammer 1430 fiou
Bomen GSH 5CE Cemaltban Hammar <40) fied
Boacn GRH 1€ Dendditon Herrer <4 0] joxt
Bosen GSH SE Oemclacr: iarmer 1100 fiod
Bosth GSit 3-68 Demoition Mammer 130 i
Boscn HSH 10 Demaition Hammar TO) ey
Eomen M5 20 Demottion Hammer LR Y] ed
Bosan LB 4126-2DS Raotary Demoftion Mammer 1190 iiud
BQemen UM 6 Rotry Demaition Hammor 11.00 R
Begen 1iBH 3243E Rotmy Demottion Hammer $1.00 R2d
Besen UBH1250 Rotary Demottion Mammer 1700 [ EE]
Besch USH 220RLE Rotary Damcirion Hamener 1000
Been UEH ARESE Rotary Demaibon Hamner 13.00 L]
Bozzn GRH EBS5DCE Rotary Demclticr Hammer 13.00 fied
Bowen GBH THM5DE Rotary Demohon Kammer 21300 Haeu
Bescn GHH %/40DCE Rotary Demeltion Hammwr 10.00
Besch GBH SCODSE Rowry Denwditon Hanmer 13.00
Bexen GBt SC0DSR Ratary Demottion Mamimer 1100
Bowh GBH 40SC Rotary Demoihan Hammor 14.00
Bezcn GBH 100C Ratary Denwilion Hanuner 13.00
Boazn GBH SDCE Rotwy Demonttion ammer 12 00
Bosen GBH S/4O0DCE Rotary Demottion Hamurer 1200
Boscn GSH EDCE Rotary Cemalthan Hammer 1400
Hezch GEH 70 Rotary Demolden Hamrmer 14 €O
Acsch GBH 7-45CE Ratary Demattion Hammer 11 50
Dosch GEH 5-350 Ratary Demoiticn Hammar 1200
Bosch GBH 5-40CE Ralary Demottivn Hammer 5.00
Hesch GBH 1 1DE Rotary Derrciiton Harmrmes 1C 0O
Broh GB&H 24VRE Rotary Hammer 160G
Do=xh 554 12VR Rotary Hamerer 10.CC
Doxh G344 12VRE Rotary Hammer 10.0¢
Hoscn GBrt 4DSC Retary Harrner 11.0¢
Brucn GBY 24VRE Rotary Mamimrer 1.0
Beowch 554 24VRE Rotary Hammer 11.€0
Bozch GEH 24VRE Rotary Hammer 1ec
Basch G8ri 25 Rotery f<armmer 11.cC
Botch Gard 25€ Retry Hamme 1100
Bosct GBH 25R Ratary Hammar t11.0¢
Bosch GEH 38 Rerary Harmmes 13.t0
Bozen GEH 2-24D8 Rotery Hammer 11.cc
Bogch G8H 2-24DSE Rotxry Harnmer 11 £C
Bosct GBH 2-24D5R Ratary Hammer t10¢
Boxcr. GEH 2-205RE Retyy Harvme 1.0
Basch C8t 4DFE Retary Hormmer [N
Bosct: GHH 2.Z40FR Rotary Hamrvme 1100
Bomct - GEH 3-28% Rotary Hamrer (AR
Howeh, GB8H 24VFR Rotwry Harmer t4 CO e
Bowh GOMH2-22RE new Rotary Harrrer 1200 2
Bowh CBH 229 Rctary Hammer 1100 S
Baxh GBEM 13 Rotary Dat! <2.5¢ A
Basch CBM 16-2RE Ratary Duit 280
Taewch GBM 3.2 Ratary Dnd w2.5C
Bazch GBM 23-2€ Rotary Dril <2.5C
Basch GEM 10 Retary Dnt «2.5¢
Bosch GEM 10RE Homary Crit 250
Bosch GAM 68 Retary Onil Page 2 <25
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ZLC, FONEICESWT, TEDIHIARTAEEFTNTFNICHARTEZDD TN EZER L TETND,
FOTE~DTRY VU ITOFEZIVAZNE/IZIVEVENESH S, BXHFIIRLTH S,

>4 VIBRATION RISK
L0 - CONSULY YOUR
L SUPERVISOR !’!
o, A AN
7 VIBRATION RISK

> THEGURS Mas BARY WSt
Hed WITHOSY
a FRTHES "
e assgesMeser SO0
1 3

T T A e e,

P ViIBRATION RISK

Low

O RS Lce rmax mum a3y use

EROFRY /g, TRCBTLARETRIMFFT XA T THD, HBRADTRY 7 HEITR
BBV 52 47 Ths, ERBICTRICHVAHTONTVEHEEZ TRICRT,

]

IOFRYUIITEY, FEERLELETIX. ThPThOIREOFBRMES, 1 BOERARHZAEICEMR
THILRHEDLEZXDND,
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T, EEO LV H LN E X TV B Traffic Light System ORI TR OREN L~/ L fEERH DB
FITIRRDO L S RBEGREBEL TN D,

A®) = ay, ‘/—fo—

1 HOSMESHIEE L ~</VA®) & TEDIRE L~ b (ay,) & EERBE(TORIC LEEORXEE X, AQB)
=5%1 BOFAETEBRBOKXEDRERELTWVS, FLT, ZOELD HIREL~AVRENIE
ThhiE 1 B SHEROERIITRETH DI EVIZEZXFIZESHNTNS, £LT, A@BS5LLEL1 O0LLTF
Thhid, 2 BROUNORBTROERANFARETHHEEXTVD, ZLT, AP 1 0 LOBE
i, ERCBELTIEDY A7 2HFMETIE bz, ERAFECE L TRENORLEBREICHRT
HZliThoTn3, £, EROTEOERH L ~l(a)it. FTRROTLED Y FAD 3 EREMED L
rROLNLTWND,

2 2 2
Apy = \/ahwx + ahwy + ahwz

ITEA—D—0EESEITEEEO 1 #HOBEEIX. TOME2 14 LT, 3E8EE LT, EAKRHEE
ML TV, THSOEIE. ISO Z0HRBRBRANCESNWTEA—I— T THIEFEMINEHEINZT
B b R4AE &N 3 IREME(Emission Values) Th 5, :

¥ /-, ¥EETiX. I Emission values 23, EREOFERREOME L MEBBNZVWEDERBED ., vV~
FxRA—HTIIHEIIC, ERBETOTANSHEAIREORE S2EEETRAELT —FX—XLHEE

Vibration Level ( m/a®) Obtained via:
Q Manufacturers Data

E&O Purchasing 8
Procurament Poli

2 Supplier ( Hire Company etc }
Lagal
Obiigaticn

O H& S Team Mezsurement —p.

Ad-hoc i
Mirs / Supplier
l

High Vibration Eqpmt
of

th d onto Database by
Nominated Officer/H& S

o d by secti from Datab

Information passed onto users of squipment by
Manager / Supervisor via:

Ready anm Issue

Manager / Supervisor to levels of exp
and consider Inplementation of controls

Daily Work Operation carried out by Employee

}

Diff bety pl d / actual tool use times logged
and recorded on file
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A Guide to:
Hand-arm Vibration

Off-highway Plant and Equipment Resecarch Centre (OPERC)
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3. 8BOBEROHIBIZHOWNT

DOAREIE. EHTEOERICEL T 2 BERHEHOZE X FRFEL TWER, Z 0 2 REHRH T,
EFE#SHTEOESHO LU O WTOREIIESTA TV ENoT, Thbh, FARICKEREH LNV
OTAETH 2. £/, FARICEKRBILAAB/PNEWITECTHLERARRIZ 2 BEIICRBRESNATETY
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ERisE 48 #, 2006

E113

HIE Eig'. X BEE

381

BB, 5B 5 N - FiHEET R0 Emission [EDMESR

HTREARREFRATANR ARTFEHERRR. MEAFAFFE TRIFRHEERFEYR

1. £ Z2H%& Directive 2002/44/EC of the Eur-
opean parliament and of the council of 25 June
2002 on the minimum health and safety require-
ments regarding the exposure of workers to the
risks arising from physical agents (vibration)
(PAD)#S, ¥R ITHETH6BHICEUMBEBETA
F—1t L. ZDIEFIZ. RS54 89/391/EEC
Directive 98/37/EC of the European Parliament
and of the council of 22 June 1998 on the approxi-
mation of the laws of Member States relating to
machinery. (Machinery Safety Directive:
MSD) D% 16 & (1) DB 33 2@FHES TH
D BIRAREMRBLOE LD . HIWIEL ST
DD 2R E L BEADERDL S FEE 2RE
T3 HDORIELBEREEED TS, EL T,
MSD Ti. 18 $FloFMREnEE & L T,
IREH B PR 7 H (exposure limit value) # 5 m/s2
mms, REHFEBAHR{E (exposure action value) %
25m/s2ms & LT, A—A—iznlL T, HE8
RlicZEow-lic & D, FREES T A DiREhE
(Emission {l)) 2 HE T3 2 L 2 EBF I T3,
TLT. Z0EEEY. RBMEHETH 3 25m/s2
EERL T3 HhLRLHIORTHERFIT TV
. FEFECHETI VTR TADBACER
BELIEGSDY A7 22 3RICEEICNLD
D, A—H—hbDBBHACE I THES
hEEsh2FRHEHNTIENDESHE (Emisson
@ crz.meE. - ORBIHA L L Ti3.1S0 8662
® Partl~14 % EN50144 23X N T & T 3,
Ch s OFEERANC & 2 FRIEBHTRDIREOF
3. TEDN Y FATO 1 BIORSIALEE - &
"REEhTETE) ., ERBCOTAERC L
INYFALSDOEENIIBTH DT, HBR
MeZaugme i & 2 EBEICEND S T L5545

Bah, 17— 2 387 — 7 EL | E55
BIE{EIZ A > Emission {H%3k & 55k 6 prCEN
TR 15350 HAV THEShTE T3, Ll
Zh T, BEVRAI L EBBRIEIC & 5 Emission
EOHERHF % L BERTbATLRN, 2
T ERETIR. ARENTBAL—7T > NIWL
DIEE T — ¥ R— A F BT ZDOHEEZREAL. R
BRI - EHRIBERE D) 518 5 /> Emission {@#D
HEBRET 21TV, REBRANCRBESH 20 E 5 H»
B L7, 2: HBRHICAWF—IR—2 &
B ORBAR L KBBRE L 56 5 07 Emis-
sionfEDQLEKIZIE, RARENTVWBEA LTV
NIWL D7 —F R—2A BT L7, BVl
FeF R=ADF—LR—=TY DT F L RII,
http://vibration.arbetslivsinstitutet.se/eng/
defaultlasso TH %, g7, ZDFT—FRX—=AD
ISO 8662 %° EN50144 2 ¥ic & 5 CE 7¥— 7 13,
prCEN TR 15350 HAV OR#z X D 1 87— %
3@T— s ERL 3 BRBIUEE
NIWLDF— I R—A BRI NA TS 2213 T
BEF—s2Rut, RBRAMNcI VBT
Emission {# & Field B & D & 5 L 72 Emis-
sion fEDHE 1T > 72, EORBR.AEHAIC L D
Bohi-fohAMn FedBlEIZEIDEOALEL
Dy KEVEmissionfH%®RT I EHNFS M
Bolz, - T, BRE, HRPTHEAHZATLEH
EHRRAI L T & . Emission % K® % ISO
2 EN OFEIC & 5 Hekix Field #8U#T& Ty
RuEEZOND, 4: BR RBRAC L D H
FEENA—H—DSEE E 5 Emission 3.
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7:Maeda, Setsuo., Keller, Tony : ulti-Axis Hand-Arm Vibration Testing&Simulation at the National
Institute of Industrial Health, Kawasaki, Japan. First American Conference on Human Vibration

Morgantown, West Virginia, U.S.A., pp 99-100. (2006)



MULTI-AXIS HAND-ARM VIBRATION TESTING & SIMULATION AT THE
NATIONAL INSTITUTE OF INDUSTRIAL HEALTH, KAWASAKI, JAPAN

Setsuo Maeda, National Institute of Industrial Health, Kawasaki, Japan
Tony Keller, Spectral Dynamics, Inc., San Marcos, California, U.S.A.

Introduction

Hand-Arm Vibration Syndrome (HAVS) was identified as early as 1918 in Bedford,
Indiana in the U.S. Since then much research work has been done around the world in the areas
of medical, epidemiological, engineering and legal aspects of HAVS. In Japan, much of the
pioneering work in this field has been performed by Dr. Setsuo Maeda and his staff at the
National Institute of Industrial Health (NITH) in Kawasaki. Most recently, reports of work done
by this group and by Dr. Ren Dong' of NIOSH in the U.S., as well as many other suppliers and
Japanese practitioners were presented at the 13* Japan Group Meeting on Human Response to
Vibration held in Osaka’ during August 3-5, 2005.

i Zi

Patient grasping test e at

.,

Jap
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The laboratory at NIIH has been at the forefront of much of the testing technology and
instrumentation verification involved in the latest HAVS research which is taking place. An
example of this is the recently installed 3-axis vibration simulator in the NIIH laboratory. What
follows is a brief description of this system and some results obtained to date.

Methods
Specific methods of measurement and analysis were under development as this abstract
was prepared. The presentation may include actual patient response data if it is available at that

time.

Results

Results of simultaneous X, Y, Z controlled excitation, like this example, are given.

(P2 frequesty (H2)
MIMO Random Vibrution Control Racsiving Chechout Tests
RIK, Xv2

X, Y, Z Responses controlled from 10 to 1,500 Hz

Discussion

Development is continuing on a modified special handle with embedded Force and
Acceleration transducers to understand fully the patient HAVS responses.

References

1. Maeda, S, and Dong, R.G. (2004). Measurement of hand-transmitted vibration exposure. Proceedings of
the 10® International Conference on Hand-Arm Vibration, Las Vegas, NV, USA.
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ESTABLISHMENT OF AN EXPERIMENTAL SYSTEM FOR MEASRING
BIODYNAMIC RESPONSE OF HAND-ARM

Naoki Hosoya, Saitama University, Saitama, Japan
Setsuo Maeda, National Institute of Industrial Health (NITH), Kawasaki, Japan

Introduction

This paper addresses establishment of an experimental system for measuring biodynamic
response (BR) of hand-arm system at the NITH in Japan. BR measurement system at the NITH is nearly
equivalent to NIOSH installed system. The feasibility of the system is examined through the apparent
mass (AM) measurement of the empty handle and a set of calibration masses.

Apparatus

The grip force was measured by using the handle shown in Fig. 1. The handle has two force
sensors (KISTLER, 9212) and one accelerometer (PCB, 356A12). A low-pass filter with 5 Hz cut-off
frequency was used to the grip force from measured force signal. Figure 2 shows BR measurement
system in this study. The push or pull force at the handle was measured by using the force plate
(KISTLER, 9286AA). The grip force and the push / pull force were displayed on a monitor. The shaker
(TMV, VE-1008S) is used to vibrate the hand-arm system along the forearm axis (Z, direction) (ISO 10068,
1998; ISO 5349-1, 2001). In most situations force actions for operating tools are expressed by grip, push,
pull and combined these actions. These actions can be simulated in the test system. AM was obtained by
performing H1 estimator in the PULSE™ system (B&K, 3109) and it is denoted at the one-third octave
band center frequencies.

Push/pull || Grip force Data acquisition
force display || display system

S 11omm

Fig. 1 Instrumented handle of the system Fig. 2 Measurement system at the NITH

Methods

In order to investigate the reliability of the system, AM measurement of the handle was.
performed. It is assumed that the handle is rigid in the upper limit of adoptive frequency range in this
study. This assumption is validated in AM measurement of the empty handle. A pseudo-random vibration
in the frequency range of 10 to 1,250 Hz was used and its amplitude is 1.0 (m/s?)’/Hz with a flat power
spectral density (PSD) in the experiment. :

Measured AM includes the mass effect of the measuring cap in a subject experiment.

Compensated apparent mass AM, (@) is obtained by Eq. (1) '

- 181 —



AM, (0)= AMmd(m)-Awa(w) M

where AM,,,(@)is measured response with the mass of the measuring cap and BR of a subject,
AM mp(a)) is the response of measuring cap in an empty handle test. In this study it is assumed that
AM,,,(®) is the response with attached small piece of metal to the measuring cap by adhesive tape.
Eight pieces (1,2, 3, 4, 5, 10, 15 and 20g) of metal were used in the experiment.

Results and Discussions

The measured AM of the empty

handle differences between measured 300 ~+1g: AM
and true values are less than 3%. Since © 25.0 | /éz'gg . the
resonant frequency is higher enough 3 000 o0 0So-% i3 ;  than
frequency range of measurement (12.5 - ¢ 200 l oo bd,.%.' *49 . 1000
Hz), the assumptions seem to hold in the £ 150 | oot trsremseotmtme e o ?gg

frequency range of measurement. The § 10.0 ‘ B 0-0 DG G B ST T, 159

calibrations of the measuring cap's mass § ' ' . are
shown in Fig. 3. The measured pieces of mass
generally agree with the true mass value. The
measured mass values of over 10g are bigger

than the true mass value in the high
frequency range (>600H2). Fig. 3 Mass compensation results

The amplification of the
response seems increases with the
increase in the metal mass. This is likely because each piece of metal is resiliently attached to the
measuring cap by adhesive tape and the metal and tape form a local 1D system. The resonant frequency
of the system reduces with the increase in the mass value. This further supports the validity of the
measurement system and the mass cancellation method.

Conclusions

Throughout the course of this study, several conclusions are obtained as follows:
(1) A BR experimental system for measuring biodynamic response of hand-arm system and vibration
exposure tests was established in NITH.
(2) The instrumented handle of the system was validated through the AM measurement.
(3) The mass of the measuring cap in the AM measurement was well compensated by the mass
cancellation method, which confirms its validity.
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