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ABSTRACT

In this study, the vibration damping characteristics of the powered hand tools transmitted
in hand-arm system were examined and compared. The types of powered tools for the
experiment are general typed drill, impact drill, grinder, and wire brush. To analyze the
characteristics of vibration damping, the magnitude of acceleration of vibration on X, Y,
and Z direction at tool, hand, wrist, and the joint between forearm and upper arm were
measured respectively.

The results indicated that impact drill generated the highest value of acceleration of
vibration among the four types of tools used in the experiments. The highest value of the
amount of acceleration of vibration was found in the direction of Y. And the amount of
acceleration of vibration was significantly affected by the type of tool, type of work, and
pushing forces. As become the more distant from the tool, the smaller the amount of
acceleration of vibration. Also, the bigger the pushing force at the tool, the higher the
acceleration of vibration.
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(Armstrong, 1983; Aghazadeh and Mital, 1987), 22l A= Fost A A3
oxe @ AARL AJe AR UEy 22 FUE AsAINE 42 EE dohg
(Eklund, 1995). 53] AF& 79 7], 74, 38l 2 IF 54 T2 A4AY ¥4 2ed=
2 A% AA4HE FEAIE FLE Q480Hgy & £ o Z(Cannon et al, 1981;
Freivalds and Eklund, 1993; Schwartz, 1989) A E& F43e ER 9 Algoly HF Fy<
FTEA, dY F AHE AL TY 2 S Y 2 4AdFE HAas ¥ gt ok

g2t 8 dFoME AFFITTE AL o 70N s AFos A% o 71X
dgee H2s87] s AFFITT AR Al Ao ALEHE IF 57’“° Z 9N &
AE AF MEEE o] &3 FAsnA o B dFdME FRIY, 2L, AFA 2*”]
4, A4EF 5 AdEFANA M BEAA FAPolgktn & F A =¥H -}‘%14 a1y
A4 & ddeR sgen, & APER F MR I /K wE AFHYH 54 2AEA
o =¢8] ZAYgelMes 9uty =U(general typed dril)3 #A¥ =H(impact drill), 28z
aegklgd FAdel M 2kl (grinder)9t $bolo] B4 (wire brush) § 47HA] F/HE 4 gl
A AbgEA T olBidt AT AAE 4 FFY AF AV & &5 2 T Ag 74 19
oMo Y HAZE & F UA oz AFFITTY FHY Mg AL M9 HA §
AFFITT AHRez Q3 AP FHE «gd By ofvet AFEA AJAAY 71xA
B2 4834 888 & A& Rl
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2.1 gAd4x
2 g Afole &3 &EL LY AXo] oHd FF AF =& A Ado] e
A

X AZE FA Y 1598 ddes s JAgAe] HE ¥ L 2286+ 1.70[A4l]°]
Ren, FF WG 175.141437(cm], BT FF A= 68.36+8.18[Kglol .

22 Ag%FA

B A79 A¥e AHEE AF AR 2 AuESS AA4EAES ZEFHA QAAASES AT
Anthropometer(Martin Type), E°l& ZA% + A& =34 A4, 2F&4 2 24 ’*l ~
8 a3 YA A Eed sHEiAE vl Y(push force) S FAIA FX37] 93 CAS A

A Ag A2d Foith. £F Ao ALEHN FFERE FHY =Y, Uy =¥, ¥
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a1y, $olo] B4 Folth

7| HAEFTTE 220V, 60Hzel dutdow AL&HE FFE ALY, 23 =g
25,0003 /min ¢} E}AFE ZE AL AMLEAY. AF FA £ EAAN=HAA A" £47]
= 29 194 BE Bkel o) AND 3600 WCA-RMAcl 1, AE dHolHe £ 3 =4
71 (Piezo-electronic . sensor)2] A% FFde PCB 38730(500G), €53 &3+ RionAtd
Vibration Meter VM-613% VM-82& Abg3lg o, "ol PCB 7394(50G)& AM&3stgct &
5 2H7)9d FAL B I3 21, ¥ 2v A9xd F 437 W& As F APA T
o 718 E= mE e A7|E verd

L
L,

Pick up Sensor Vibration Meter FFT Analyzer
(PCB 38730/7394) (VM61/82) (AND 3600) ]

a9 L A% 53 2 24 A

X 1. A% ZA7|(Piezo-electronic sensor)8l 2

- = PCB 38730 PCB 7394 VM-61 VM-82
=3 Fug W9 1~10kHz 1~10kHz 3~5kHz 3~5kHz
. 10G 10G
%A G 50G
S 500 100G 100G
ne *+0.5% *0.5% 3% 3%
' 2 AH¥gzxd
z 3 A B Ao A= & g PR R g
. 15 Kgf
oly =
gty = 3 = 25.5(Shore hardness) 25 Kgf
2728 =9 2] A 88.4(Shore hardness) 15 Kef
2 Kef X, Y Z
a8y 34 29.5(Shore hardness) 1 Kef o
(CO» 83 2 Kgf
$}olo] B A 9 25.5(Shore hardness) ; Iégg;




46 ARE-HLF-oFE &% ANage] dgde AFFETY AU 54

23 49 32X

Ay AN H NAYASS Aoz A AFAA AABAR B AYED ohFelN
o 2o He Fa AYZAH ] JSAAES ASTAS AR AFSANY A
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Azt x3std o 302 A=V 2880 4 438 AREE B AGxUE FASEA
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AE 63~1250[Hz]12 WAL doermz o HYd g FodF JEUHE Aoz 3o &
A, 2 FH7IE B3 Ao AT dojEHE AT dYGoA9 As BAE Al 1%
Flo] W (Fast Fourier Transform)& 3R, F34 G GeAM SpectrumPBA (A7 T,
1992; $-Faba 339, 1988, olA)%, 1997)& HAAstAt. £33 25F ve 4 471A T
Lo dis) T ALy 4 BANU(ET, &5, B) 15 ¥gd {4 grtekyl dskd
1/3 Octave 48 3 2o AF 71429 Overallgt o2 FAEA S HAs AT

Force Control Data Collection Data Analysis

Drilling I Vibration
Raw Data Meter
— Collection
Grinding

FFT |

' _ Mac-Power
l Push Force Gauge Notebook

a9 3 4% dax
3. 23 R 24

31 2493 Gy =g B B4

Ay AxE 1/3 SeElE BEMo A9 OverallgtS FAHLZ AT =239 7 &
H(RAPE, A58, 71E Y, 2FEY) AF 24 doleY Ao)E Folry] 5o &
ENE AT ¥ 37 2ok o BARHAME F79 v Yol FL 207 HE
o og mzagw vehl Bk UeiA 204 2524, 3904 2 494 REtg &
3 gtoll EH3t

it = e

SN

3 =93 3o BAEA

Source DF SS MS F
R(Repetition) 14 4828 0.345 0.04
A(Tools) 1 2139.725 2139.725 227.92"
B(Direction) 2 69.503 34.752 370°
C(Push force) 1 122752 122.752 13.08™
D{(Measurement point) 3 6189.229 2063.076 219.76"
AXC 1 97.645 97.645 10.04™
Error 697 6543.676 9.388
Total 719 15167.358

" P<0.05. " P<001
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H 39 RARNEE A¥RY =93 ZAgd gloiA wtEd g AR fAs
etz ggrov, T, AF5WE vE= § &2 29 2 37 vle § Aol mIEFLE
P fA}t dE Ao2 UERT
273 =dx dfty =Y AF sigzd iy FoFgsS 2¥M=EZ2 JEdd 29 49
2o a9 40N 248 =99 JE/NEE HFge 132.38m/sec’]2 Quty =Pe] AFL
& PEg 7.73[m/sec’] BT ¢ EA Jeldth wed 243 =99 FAZES} =8
4 4
A Wy A% 7tE&T gl HES JeEhE a9 59 2o, Y 5elA ywreke 257t
T} 2748 =YL 4442(m/sec?], Yty =YL 406[m/sectl2 X, 29kl R =4 Ug
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40 20
~ wt o /\
N ]_(I) + ™
8 ol g0 1 .
E EZ) i -+ Inpact drill
8 ar 8 -+ (rtyped drill
< pt <10

ol . ——

0 e X Y z

Inpect drill Grtyped drill Direction

a9 4 FAY3 Ay =89 ¥F JF /MEE O¥ 6 JWE T¥E BT AF kSR

e go] }& JENHEEY HEL 29 6% gk a9 694 238 =9 15[KeflY
o 29.67[m/sec’], 25[Kgfld Wl 44.98[m/sec’jol™, 94ty =@ 15[Kefld @  3.10[m/sec’],
25[Kgfld o 398[m/sec’]e.2 YERT F v Yol F4F IAF/EE BA veEwd. o
gA =8 Aol vie ol ue AP of 2As}eE AFY A 28I E ¢ F
A,

T 23 29 WP AESEE 29 73 2o a2y T4 233 =8L Fr A9
AZ7tE 57 132.38[m/sect1El Eol e 10.48[m/sec’]2 92%7 TAEHUTH EEoAE
536[m/sec’1Z2 B9 9%6%7}, BolAE 1.09m/sec’ ]2 BT 99%7t ZAES BAY Ity
=gde FFANY AFEE7 7.73m/sec)] Yl £l ME 326 [m/sec’]E 58%7F #HAH Y
t}h &2 = 267[m/secl]Z FF9 656%, BolME 048[m/sec’lZ FTF9 94%7F A H
< 24t &, FTAA DoldFE IF FH ol YooY AT dFPo] FSL ¢ F
AA .
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50 140
120 -+ [mpact drill
— 40 — )
= «~ 100 | -%- G-typed drill
g 30 I § s
E 20 F —— Impact drill ‘E.‘ 60
b -»G-typed drill S 40 +
< 10 | <
20
[USS————————
0 - 0
15Kg 25Kg Tool Hand Wrist Forearm
Pushing force Measurement point
a6 "E ¥E WY IF MEE a3 7. 23 294 ¥F A &R

32 oA g gololH e 2l #4

a8y #ZHge JAF 4 dolHE

TAEAE A R 49 20 o] BAENANE F
8 8ol F4e vle oy Wi F7Y v P R3AE ARE FIPgeoey #od
zol7b et A] 4%k7] W&ol 3ol E3tdvh UmA 2904 nEg 304 2 4904
o A3 AL QAo £Y3tch
¥ 4 29Rid FY99 ity
Source DF SS MS F
R(Repetition) 14 0.047 0.003 0.09
A(Tools) 1 0.597 0597 - 18.66™
B(Direction) 2 7.384 3.692 115.38"
C(Push force) 1 0.003 0.003 0.09
D(Measurement point) 3 126513 42.171 1317.84"
Error 698 22.556 0.032
Total 719 157.100
I P<0.05 T :P<001
E 49 SAHEANEE ey 28909 AYd AodME =87 FHorel go] kBl
0e YA K vEruA gdh 28y 7 AE 821 F v o wE A5
Aole] el =W APolMote wa) FAt fE Aoz Uy o 5279 ¥
9] Aozt =88 FAPAAME 10kefl! ¥ 2809 FAde BE lkeflZ, £3309 A9
Aoz} AA 7l WEQ] Aoz FAAY, a2z T, B, «2‘—73%]147}011—3 £-218 x}pol 7}

Qe Aoz vehgo.
a9} gfojo] B AF ZtE=gtel W S =2 vehyid a2y 83 ¥
29 84 azdue] AErEE YEage 12.16[m/sec’lo R stolo] 4o AFIEE
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BF#HY 876[m/sec’] Bk EA JEbR

A% wehy A% HEE @ PTE VEhE 29 99 2ok a3 9o YEEe] RE7t
£%7} agddE 491[m/sec?], gtolol BElde 482m/sec’]Z X, ZHFRT ®A dehuo
=d9 A9 AR E TFAME YRS JIEET A vedE2 379 A4 24
Wl o A= Yarakel 74 Ev 2 8 dAste Ro) uiEAsta Addg.

14 6
12 ‘\"—5 I AN
S 10 f g4r /'/
%) w
o 8 f T3 &
E“ g t g 2+ -+ Grinder
g 4 < 1F -#~Wire brush
-
2 { 0 L L
0 X Y Z
Grinder Wire brush Direction

g 8 zEkitiel jolo] BHe] BF AF /KEE a9 9. 3% wkd B AF R

=g nE Yo e AFTEEY PFL 29 103 gk 29 10914 2AQdE 1[Kef]
o w) 370[m/sect), 2[Kefld ™ 3.84[m/sec’lol®l, stolo} m 4 1[Kefld @  3.23[m/sec’],
2AKgflg ® 3.19[m/sec’]lZ YEstth QrlHE =89 Ao g8 s P9 Aoz A
7] e e Aol wtM FENAEE gol A7t A ¥&E ¢ F Ut

23 2oy AFsexe PYFS 29 113 2ok 29 1A azdoe 2 AAY AF
AEE7 1216[m/sect]ol QoY EolME  206[m/sec’]2 83%7F Z2HUW. EEFoAME
079(m/sec? ]2 94%7F, ol e 0.11[m/sect]2 9%7F ZAES BATH dojo} B FF
A AENEEI} 876[m/sec’lol L, EAME 291[m/sec’]2 67%7F ZAAHUT EFA
= 107 [m/sect]2 88%, ZollAE 0.13[m/sec’]2 99%7t F2¥& Btk 2EA e} golo
B2 AEIEEI dwy =] AENEES vk b Z ST FL
EAE v A YEIGH.

5 14
— 12 r ——Grinder
~ - o o~
c: 4 b o 10T —s-Wire brush
o 3 - L 8t
@ ~
EpN" : E 6
- ~-Gr inder o 4t
21 F . Q
<1 -»Wire brush < 2t
0 . 0
1Kg 2Kg Tool Hand Wrist Forearm
Pushing force Measurement point

¢ 10 vE ¥E PJF AF IEE a9 11 &3 ¥99d 37 A% M=
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£ 5% 29 12& FAYYE 74 3 FAAM9 IF tS=gs FTA A I H
2u1 &S el Aotk 78 JMEE 379 v A 4% =9, a8AT, dojo] By
H, 223 AWy =¥ £o2 4o a22dn 7oA Y 159 7:}6‘4 574 HladA

T 7SR fol E45F £dARY Tt Bl Hi &R AVt BoH & £
Ga7 AN BIAS BaE NRHA YHEE ¢ + U ek AFS 2o B4s
&M e] FAFAHA FFFol Bornz A5 TS 7MY Bol g Aoz A,
¥ 5 37 AFIEE (29 m/sec’, %) 120
ESE 100 —
2 e &= ——
FTER 5T ¥ O
Impact | 7V4 % | 132.38) 1048 536 109 4 |
drill Ay 100 92 % 9 2 40 F - Impact drill
G-typed| 7t2 = | 7.73] 326] 267 048 T C-tvved drill
B - T
drill ﬁiﬂ} 100 58 65 94 20 - Wire brush
Grind ZH4= | 1216 206 079 0.1 0 ! :
nnderyam | 100 83| 94 99 Hand Wrist _ Forearm
Wire | 7145 | 876 291 107 0.3 Measurement point
brush | #4H] 100 67 88 9 a9 12 =X 2o NE PAS

E3 Alge] Ago] Wv(damper) 4L Fo2H A RE A5 AN T
oelg AME AEFTY SO AR ATolY xFe A AN WEL Ao FF
7] WEol Aee AFAH WA e AW WYBEo ¥S Ao AZW)

4. 4 &

e

AFdME T8 FFT AME Al FFAA BANE ATl AR &, &2 4 5

e 3o AEHE JFHALEANS v A sty Ad@FNA ol 4%5101

l‘ WEAQ B4 $£37¢ 99y A5cY, 2738 55, 2390 2 gfolo) B Y

g Aozl FEFTTYE, A4PE, A2y, vle Ydz AP AN AgE

Ao 2718 JeiE dBug2E AE/MEEE ARG

% AFoA dojA AFHE ao%sd g Zrt,
) BFY AFar vRAME 99y =7 Bm/sechBtE 23 =(132.38m/sec)
o], 283 $}olo] B (B76m/sec) e 2 (12.16m/sec?)7t BE FIEE ghol =
A vebgt,

(2) AF W3] WE AFVHEEY AV)E 4F2F FF EF Y¥eAd Y =L ge n
Aok dekd FFe A AAubdelA Yk t&Ert FA S HASE Ao
st Asicin AztEc

(3) ATTT, A5, vie I L 2420 gt IF hExe Av)e FA7 AA
Brugstérm and Lundsté6rm(1994)2 <3 o F4HE AFAURANE Ao &3 T
g Aux F54E V55 15 439 W] 4 Lom xe o}y = FTE
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Ax Yol 242 &M UF s} Bol o] FoiA G AF el 4FS v
0z posgn. 2 479 das vizs 2 AE FASHAE GHew ohjet v)
C YE 9% AT ¢ 4 AU Z, AFY A7)E AFFT A A5FAS 2

Aol £F, FTE AL ¥ 2 AJEJ stk J9 A g3t 2L & F AU
Y z Age] zt Bz AgHAN &5, &5, FoA Y AFFo| a2
. 5 &2 8o ¢oz sEE ol HA JdEy TToM BoFESFE
E9o] o] RolAE HAL, 53 AT 7tEEe AV EFF S AF FF
o] @it thA] LA, o] A FToA BT WFol &3 FolA gFE FTH
I, A7 FHHA Age] AFFFFoR Y Vt5A0] £ ALE 4584 ®
§ Bo) 7tete Fol F4E S % gol A dER o FIdE FE ol MEFES
a0 #A(rigid body)ell ZI7H1F o2 AgHe] F47t HAE] dEoltn wddrt
B AFAE I, &5 &2 2 FoAe AFNEE FE A TrolA wYE

Zo] Mg Z YoM HAHAAE AFAHEANE FAEAG 2y ALoHM AF

2AE A% Fadd g 232 F oz Fide AF For 24E T3} AFTF

78 AF 94 EAd g vus A5 Foaed JAFFHAEAA 2 FHAHA AT
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