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(The CTD Evaluation of Simple and Iterative Task
through the Improvement of Working Conditions)
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Abstract Recently, as work strength is deepened, as well, labor environments is changed, simple and
iterative worker’s Cumulative Trauma Disorders(CTD) is gradually being increased. Accordingly, this
study was designed to represent its system design to carry out their iterative and simple task by
machine through the difference of muscle fatigue between worker on handling line and worker under
the work environments by Air Balance System for the purpose of analyzing their muscle fatigue test
according to fulfillment of iterative and simple task. From the result of this study, with regard to the
comparison of muscle fatigue between work on handling line and work on autormation line on the
occasion of refractory brick loading, their muscle fatigue extent under the work environments by Air
Balance system was lower than it of handling by AEMG(64.1%), MF(65.3%), MPF(64.3%), ZCR(63.6%)
respectively. And also, generally there showed similar transfer at the aspect of muscle mobilization. In
other words, we can say that work environments by Air Balance System is beneficial at the aspect of
alleviating works’ fatigue extent on handling line. As well, the result of this study shows that
worker's exposure to Cumulative Trauma Disorders(CTD) is relatively low.
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<Figure 1> The structure of Air Balaman
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2.12 744 Air Balance
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<Figure 2> The structure of Air Balance
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A glem, <Figure 3>& Air Balance Jig& Uerd Aol
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<Figure 3> Zig of Air Balance
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<Figure 4> Pad of Air Balance

Air Balance?] 3L FHAIn) FFF JTA=
A9 &71% ON S/WE 2538l UgHES &
gdq UP /WS AEale] $208 ¥ ool 54
02 o]%3ld sl YAl &3 FHol DOWN Button
/W2 253 delzed gk =3, $3dIE ¢
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THRUST BEARINGS 3lA A=F Hol ok

Air Balance® °]8-3le] WalEE HxjadA GddE
gnsy) sjs AFd=e] BAR AFLH w FF
Hol2g AMAslych <Table 1>& Air Balance %
o HjolB-g Leld Folrt

Lift#(kgh) A2 o2 (D)3 gk

2

Y
W= 760 X SX ¢t ®
P ; A3 (unHg)
S ; FAFHEA(cr)

t; g FHYS 1/2 o7,
Lift&(kgf) AArael Hg o2& P-50mmHg, S=75cr,
=052 nE|Rem, Ads

. 290
W= ey X75%0.5

=27kg ot
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<Table 1> Table of weight-lift in Air Balance

(Unit ; ke)
S-PAD P(mmHg)
(e 650 | 600 | -550 | -500 | -450 | -400 -350
50 21 20 18 16 15 13 12
75 32 30 27 2% 22 20 17
100 43 £ 36 33 30 26 2
125 53 49 45 41 37 33 29
150 64 59 54 49 44 39 3%
175 75 69 63 58 52 46 40
200 8 79 72 66 59 53 46
225 % 89 81 74 67 59 52
250 107 _{ 9 90 82 74 66 58
275 18 | 109 [ 100 0 81 2 63
300 128 | 18 109 ) 89 79 69
325 139 | 128 | u8 107 % 86 7
350 150 | 138 | 127 115 104 92 81

71& Air Balaman®] 2413& Bgste, st 225
o] ZHHslaL Hakee] deutEutagel o ZaAe
TG EE Bad ARHQ Air Balance Al29E A
Astart.

22 A9 Wy

JARAE ol&d A¥L AA HIHE AAAYS
3R @A olFejzen, Air Balanceths 71AAE
ol-g3le] eSS AHH AR NN HARES AT
a3 2RSS AR YY1 A 2 W, S
A, ¥& 0 &7 F=2 F o AFes yriled,
HaEes &4 9 259 W8-& 1] f3te usgE
< BolM dalEe AR e st 1023t &4
Ak 7120 AREE0IE UiEEL 10kgol™,
1094 Ak <Figure 5> HANYE AATAN @
2t BAE Zloltt

During Placing

After Lifting
<Figure 5> Motion process by machinery
in load work
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OPTO-~RS

— -

ME30C0P UNIT
%: =

EMG
PREAMPS

computer

printer

<Figure 6> The equipment for EMG
measurement

EMG(MEGA ME 3000P, Mega Electronics, Ltd.,, Kupio,
Finland)®] 8% AZ9L 1000HZe] HxdA F3=m
4 FAIES Tl FFE AR ME 3000P
= 584 AR 8o doly 7& ¢ £3758 A
W 2] Fulg vpolaz HAFER SAH dolEHE F
Eslo AAAE, SE7 = EHAS 2y dZddch

EMG AASE7)(pre-amplifier)®] FAZTZE +/-luv
oln, Y= EMGAES] SFHAAE +/-000pvelth 17
3 Ztzte]l EMGAE§ ADW3 = 12bito]H, Hu ME
Y Wzt 2000Hz/channelolth, £3 A5 3, £4&
A5t MegarlolA ATE Megawin Z2%-& 0]84-3}
o Aad FAEE <Figure 7>3 2t
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<Figure 7> System diagram of Megawin
23 2nz2x° £33

2 a7 2AE 2uzEs 08 4Q9 2ol A9
ek

folmldatal

1094 2

averaged integrated EMG =

#H  EMG AszreE 28 12ZAH(fatigue
information)& ¢ § et ol FHRIH] I zuhly
g gelnr] g8 ARgdth 2 F R HA wge
ZCR(Zero Crossing Rate)o] ¢}&t wgldl EMGZF x&%&
ERPEA] A A0E v 2L I I{HEE E

g EMGS FH5EAE 531 o 4 sled FFT(Fast
Fourier Transform}&Ia&FS o838t MPF(Mean

Power Frequency), MF(Median Frequency): 2z} F3
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MPFE the 4@)3 ol Feldry.

! " S(hdf

fo S(Hdf

MPF

S(H = Re’ + Ini?

S(H = power spectrum,
Re = vyeal term,
Im = imaginary term.

MFE s A4)s} ol Fojgrt

A Y SChaf= f:p S(hdf=4 { “s(har @

E dpoa] Eao] g 38-L JAIEF AR
7t ¥ 35923Extensors dlnaris carpl), $E.
(Trapezius), A= Z(Frectorspinea), UHE Z(Multifidus) 2]
N 28& st e, 9 4048 gy o2 8ald
= 2R 4 28799 <Figure 8>3 24

Extensor
carpi
ulnaris

Multifidus

Trapezius Erectorsginea
<Figure 8> Muscle selected for muscle
fatigue analysis

4% 2R R 2AE st AT FJHIRESLS
W 0A~30AY FRERA 2IEA Ft g 3L
Agoz 104% Ak <Table 2>& WA S40
24} age ave. 2554, height ave. 172Cm, arm length ave.
B1Cm=. LrERgth

<Table 2> Changes in characteristics
conceming worker's handling

arm length from elbow
length(cm) to end(cm)

avi} SD L ave. ) SD

810} 36 | 443 | 17

age height

ave.| SD |ave| SD
255] 2 J172]59

3. YU % 2@

31 25Sxge ey da

<Table 3>2 AEMGE AHg3dld Q922 £33 2
Tojr},

AdAH AFE 25 E71-d" 27159 2zws)
W 2A JEhda gled, B oo, £2 o, ¥ w2
J2x7l 24 veiith 288 AEZFTARL), 5
22U, 2R, AFZR)E s2de 2gzwrt 7t
F wA JeEken), gL, $R23R), AEeaN
RS £ 292}t 274 vehdd ®3, AEMG
9] AR BN A9E HH 2E A9 AMET
o) 641% ALB JERITH

<Table 3> Changes in AEMG according to  the

elapsed time of labor( #v)
Segment [ Muscle Efé&rg m m Dﬁaﬁ:‘g L[}fﬁ;rg
I

extensar CULL) 20 15.1 344 496 16

trapezius(L) 42 154 454 58.7 5.7

erectorspinae(L) 6.3 243 46 252 6.1

Before miltifds{s 26 303 328 231 25
improvemment mulfifidus(R} 17 211 295 459 17
erectorspinae(R) 49 21.0 65.7 126.4 59

trepezis(®) 8.1 392 ) 00 54

extensar CUR) 30 264 340 177 2.7

|

extensar CU(L) 14 102 249 R7 13

trapezius(l) 2.1 100 313 393 36

erectorspirac(l) 33 16.3 159 159 3.7

After multifidus(L) 12 20.8 236 159 14
improvesrert ultifidis (R} 12 15.1 22.3 315 13
erectorspiree(R) 27 15.0 454 880 37

trapezius(R) 30 26.8 239 222 31

extensr CU(R 15 175 200 11.3 15

L

32 AN Zu2x EAES

<52 2 Ee o2t ZCR, MPF, MF2] 58 23
A o] 59 Holg UrliE 318 nFgelx AF
S Holg @ ZFHT A He 294 e 2%
o] 28 Yehiiz Helrl3]5]

<Table £>& MFE AMg3i] 2YEEE S3T 4%
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MF2 S92ng Z4% 23, AaAds 4as 25
7113 7159 Ssa=st P WAl depda gle
W, & d, 2 o, ¥ W I 24 vz
AT THEEE BE TN S W9 29E%s
M EE Aoz ikt 84 ARasE gd2l)
o] 66.2%% AMEIt 7HF & Ao Jehdoen M=
LYol 639%2 AXNEH} 7PF AHe Aoz Jehgda,
8l ZE 289 MR Ho] 66.3%E UEhth

<Table 4> Changes in MF according to the
elapsed time of labor( zv)

1
Segment Muscle flefz‘r; m ’EZZZE m L?ffut:.g
atasr CUW | 315 | 353 | 431 | 496 | 354
mpesn) | 108 [ 184 | 255 | 335 | 129
aetorgiel) | 97 | 200| 218 | 271 | 90
Bere miifast) | 108 | 378 | 500 | 548 | 98
mpoverent | mibds® | 265 | 380 | 397 | 444 | 240
woagie® | 113 | 177 253 | 306 | 18
rpeis® | 98 | 86| 282 | 294 | 105
casrCUM | 106 | 202 | 401 | 440 | 102
otesrCUQ) | 210 | 242 | 281 | 339 | 238
medsl) | 80 |123| 168 | 227 | a1
morginl) | 64 | 129 154 | 192 | 53
Afer miggas®) | 70 | 245 340 | 367 | 63
improvement muiltifidus(R) 175 | 246 210 279 16.2
worgie® | 74 1 309] 163 | 203 | 71
wpeis® | 64 | 147 | 178 | 208 | 64
ctosx CU® | 70 [187| 283 | 303 | 63

<Table 5>= MPFE AMg3le] 2YEEE 24 23}
olct,
MPFZ 29258 Z4% 49, A3d H4% 25
$71834 §71%9] o BT} dAHoZ Wi ekt
om, & w, $7 W, ¥ We) 2wzl %A ehy
T g9 8AY BE SHo] ¥ W AP BE HEE
g Holx glom, 3 W, & ] o2 YT} Hol
A3 QT MPRS) 239 ANEIINE F552
28 AYY 774 2] BF 60096 o4 ANEAE
Bglon HEFINIE 51.7%2 AMEH s Ao
2 vt 9l B8 g 9@ AdEH Bzl

64.3%%. e

<Table 5> Changes in MPF according to the
elapsed time of labor( ¢ v)

During
Trairrg

Before
i

Dring
Lifting

Muscle
Lifting

etense CUQ) | 190 | 458 | 559 | 620 | 230
raezsll) | 165 | 232 | 295 | 413 | 179
etorginel) | 117 [ 279 318 | 380 | 117
Before mitfdas@) | 150 | 493 | 657 | 682 | 143
miifias® | 210 | 4621 495 | 547 | 160
acirgiee® | 153 | 219 | 269 | 346 | 160
trapezis(®) | 117 | 303 | 370 40.1 | 122
etersr CUR | 136 | 435 566 | 599 | 138

improverment.

etasr CUM) | 126 | 201 | 231 | 283 | 144
weisl) | 58 | 75| 98 | 130 | 50
etorginell) | 37 | 92 | 106 | 120 | 34
Aer miids) | 57 | 170 | 219 | 235 | 56
migias® | 87 | 128 | 119 | 145 | 102
cctrsies® | 53 | 72 | 85 ‘| 132 | 54
ros® | 39 | 911 124 | 134 | 43
ctesx CUR | 46 | 150 | 190 | 204 | 45

imgrovement

<Table 6>2 ZCRE AMg3le] SHREE 4% 4y
ojt}.

ZCRZ SVZEE 33 Ad, Ay Qs 25
71435 87159 29257 /B v Jeiya gle
9, & &4 qd, ¥& v ZFzert g4 Jehin
Uk SHPZE ZE 28N ¥ d9 =257}
P e Aow yeigt 288 AHENE ¥ 48
2ol 649%=2 MAENT} 71 E Aoz yehgon),
GEE 0] BBI%E ANENT 1 He e 1
ettt a3, RE 259 AAEs Hie) 636%E Y
Epgdel,
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<Table 6> Changes in ZCR according to the
elapsed time of labor( #2v)

Before | Dwirg | Duing | Duing | After
Segrent Muscle . . X . i
Lifting | Lifing | Tasirmig | Placing | Lifting
extensar CUL) | 351 | 801 | 1116 | 1270 | 175
trapeziusL) | 206 | 432 | 579 | 814 | 232
erectorspinaell) { 10.6 | 538 | 718 | 830 | 109
Before multifidesL) | 52 | 961 { 1271 | 1164 | 56
improvernent mulifidus® | 20 [ 837 981 |[1072| 93

erectorspinae(R) | 20.0 | 414 | 51.0 685 | 224
trapeziusR) | 68 | 561 | 769 812 | 76
extensor CU(R) | 6.7 | 788 | 966 | 1077 ] 59

extensor CUAL) | 240 | 537 76.6 872 | 120
trapezivsl) | 13.9 | 293 } 391 562 | 170
erectorspinae(l} { 6.7 ( 364 { 498 574 { 80
After multifidesL) | 29 | 665 ] 853 810 | 35
inproverrent multifidus(R) 11 56.1 67.1 744 6.0
erectorspinae®) | 139 | 284 | 352 463 | 153
trapeziusR) | 4.2 | 388 ] 533 603 | 46
extensor CUR) | 40 | 516 | 666 735 | 37

33 EMGZ Tt SAHN 24

<Table T>olA vehd Ad} o] AP7Rsel 28z
FA AN RE Fold Aot gle Row v
=4

AEMGOIME ZYAFE(F=1263372 292 %] s
A g freldt Alolg Holm filew, ESHE(F=18112)
2% 292 %4 dsA ¢ {3t Jo)E rolm YA
ok E3h A4 S57ke] 43 AR(FE=10687)9] s
Mz ZHZZ disiA w9 el 2olg Holu Y
Aoz vepdth

MFANE FAAEF=177.064)2 ¥ Z 2o A
uf folg AolZ Holn er, ITHYU(F60.18)=
= 2z gEid v A% RolE Holm ATk
£9, 49Tt 2831 FELEE5606)0 S
2z wo] aA g FoF FolB Hol: e Ao
2 et

MPFojME 29743 d(F=149067)2 2o Z %ol oA
o)$- 2% xjo]F Bolu Jon, 2H5A(F=11592)2
T 2% disiA ml$ Rl 2olE Holm Ytk
=g, A G} IHY] AT AL(E=14.936) dHME
o 2x dA g feg 2elE Holm YE A
2 eyttt

ZCRAME QB Y(F-4550)2 2% ojair

L {93 2jo|E Holm Uen, ZSEF=5286%
&= SFExe disiA vi$ fold ZolE Hojz YAtk
3, AYATe} 285709 A3 ALF=-T874)0] tsiM=
Y2 = disjA uig- F3 Zolg Holn glE Ao
2 eyt

<Table 7> ANOVA table(10kg)

a6 [ or| A SSJOVA EME"“ Fvaue | POF
Time | 4 | 50181215 | 14795304 | 125337 | 0.000%»
Musce | 7 | 14966240 | 2138034 | 18112 | 0.000%*
Time
x |28 | 35321585 | 1261485 | 10687 | 0.000%x
Muscle
MF | DF | ANVA Mean | Bvave | POF
Time | 4 | 17672785 | 4418196 | 177.054 | 0.000+
Muscle | 7 | 10508240 | 1501177 | 60.158 | 0.000%
Time
x | 28| 397953 142126 | 5696 | 0000
Muscle
M | pF | ANVA Mean | Fvave | POF
Time | 4 | 19064425 | 4766106 | 149.057 | 0000+
Musde | 7 | 25948300 | 3706913 | 115932 | 0.000++
Time
x | 28| 13371035 | 477569 | 14936 | 0.000+
Muscle
ZR | DF | ANQVA SmM'j';‘e Fvaue | POF
Time | 4 | 243500085 | 60897521 | 435955 | 0.000%=
Muscle | 7 | 24724758 | 3532108 | 25286 | 0.000%
Time
x | o8 | 3079795 | 1099927 | 7874 | 0.000%x
Muscle
w010 Fe% ol 51
e ojwizr FAM  Fad disiy AR A5

Duncan-test® A% A3E  <Table 8> Vehdi=d),
HAFZR)Y SHER 7P 58 RoZ e, 35
FZAZRT AF2LY Tzt 7 Fe Aer
Yelyitt.

MFol A A2, AFHR), $EHR), $22)
o] 7} A& T EEI e, ASFZAD)Y &
227t 7B A vEldeh

MPFolA & HF2(L), 352R), 230, $22ZR)
o] 9t 7MY 3L Ao JeEy, gdER), 3
3 29257 7MY B8 Aoz el

ZCRAME AFER), $EXL), A32L), $52R)
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<Table 9> Improvement in each

2(L), 9EHL)e 295} HF e Ao vy ruscled V)
* . . Muscl Before Al prrect(96)
Zr BN} gghke] Aol Holw g AL Azt ¢ improverment | improvement °
o] AA7E 3t BUs Aol opvm e} AAMR}e)7} 9L mc‘“’f“; ‘%g ;2 S'g
trapezius(L) 245, X .
7l qE¢ Aeg wadd, erectorspinze(L) 162 6.1 660
rutifidus(L) 1679 629 625
) o AMEG) o ifidus(®) 1865 74 617
<Table 8> Muiltiple Analysis in each nmuscle mudtifidus(R) 4288 1548 639
: . trapezius(R) 2254 Vel 65.0
according to the elapsed time of extensor CUR) | 1518 518 59
AEMG [ extensor CU(L) 3819 131 6.7
trapezius(L) 1982 689 643
. erectorspinae(L) 1641 %2 639
Duncan grouping | mean( V) muscle F multifidus(L) 3144 1085 65
roultifichus(R) 3%l 1132 662
A 10.360 extensor CU.(R) multifidus(R) 1811 & &8
A 11.020 erectorspinae(L) trapezius(R) 1888 662 649
extensor C.U(R) 2549 06 645
AB 12580 multifidus(L) extensor CU.(L) A68 %95 517
) trapezius(L) 1284 a8 676
AB 14280 multifidus(R) erectorspinae(l) | 1211 28 671
AB 1430 | extensor CUAL milifidus@) | 2125 B &3
@ MPF ultificdus(R) 1874 583 639
B 15.800 trapezius(R) multificus(R) 1147 98 6.3
- trapezius(F) 1313 33 670
B 17260 trapezius(L) extensor CUR) | 1874 635 61 |
C 30, - extensor CUL(L) kivki 235 647
%0 | erectorspinae(R) trapeziusL) | 443 1565 49
erectorspinae(L) 415 1583 64.1
rmultifidus(L) 5711 2392 581
34 M= LRV ifas® | 5741 247 643
multificus(R) 337 1391 1.7
WA 289 AL s > [ trapezius(R) 449 1612 64.1
A =544 ) = Hehdel <Table 9>} 2 extensor CU(R) | 5661 194 548

o, AMEGY AXF 258 AYAF] wg w#ies
<Figure 3>} 2t

AEMGIAE E7133% £71%9 Svgmrt 7P A
el € o, 4 9, ¥& 49 292t ¥4 Y
Byl 2SdEEE ST, £EAL), 9
R), AF2ER)L =19 2H %7}t 7 =4 Jepdt
on YgHL), €22R), FASFTAZRS 2 9
S ZE7 BA el

MFAANE E7143 £71%9 2Rt 7B @A
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<Figure 9> Changes of AEMG in each muscle
according to the elapsed time(10kg after Improvement)
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<Table 10> Improvement according to
the elapsed time( 2 v)
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