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Abstract Even manual materials handling tasks(MMHT) is decreasing by adopt of automatic
manufacturing system' & transportation supporting machine because of increase of productivity, wage, lack
of labor, safety, in fact, working at inclined & complicated slope such as farm, orchard, harbor loading &
unloading, logging place and mining place can’t be substituted by machine perfectly. So, workers should
do MMHT at' this place by themselves, lifting on slope can cause much of hazard, include falling. Keeping
balance not to slip can be a reason of low back pain(LBP) by overloaded musculoskeletal system but,
there's no enough study about lift on slope. Therefore, In this study, we assessed and analyzed change of
center of pressure(COP) when lifting on slope by force platform. The result showed that the length
lengthen as increasing angle of slope. Especially, the length extremely increased over 15° . Through These
basic results, present proper angle boundary, prevent industrial accidents and give proper data not only
lifting but also pushing and pulling on slope someday.
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<2y 1> Composition of experimental equipment
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<# 1> Body characteristics of objects(n=10)

age height |arm length(cm) | length from elbow to end(cm)
ave. | SD| ave.{ SC| ave. SD ave. SD
265] 2| 17259 8.0 36 43 17
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<y 3> 9% Ellipse of the center of pressure data
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<Y 4> Area & Time for each angle
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<22% 2> Changes for each angle by time(X axis)
fnglel 5 10 15 2

sec
01 0 0 0 0 0
12| -054523 | 06458 | 060007 | ~063864 | 127382
2-3__ | 1.003782 | 0592019 | 045300 | 0.423504 | 047627
3-4__ | 0308093 | 0.307261 | 032098 | —0.23961 | -1.12816
45 | 04656 | 016232 | 02547 | 098343 | 105909
56 | 1410743 | -0.02200 | 002977 | 0.075076 | 0003215
67 | -006300 | -037081 | 010166 | 085600 | 15171 -
7-8___ | 0501862 | 0.050556 | 09778 | 0408586 | 147057
89 | -057014 | 066601 | -0.50197 | ~1.62081 | ~1.30658
9-10__| 020668 | 08147 | -1.04208 | 0.108526 | -~1.07946
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<E 3> ‘Chang&s for each angle by time(Y axis)

Angle| 5 100 15 %
sec
0-1 0 0 0 0 0
1-2 -093366 | 066131 | -0.06635 | 1.004997 | 046178
2-3 142747 | -1.08073 | -1.77008 | -2.90688 | 0535623
34 -1.06136 | 092282 | -0.34868 | -0.34877 | -0.52863
45 012477 | 043508 | 0616642 | 0763331 | -050782
56 016428 | 049985 | -0.1608 | 0.450530 | -053384
67 016183 | -0.06216 | 0.063150 | 1.978346 | 0.078145
78 0106853 | -0.16300 | -0.72194 | 2.301412 | 0.779269
89 097196 | -0.71066 | 0.2566%2 | 03151 | 025082
9-10 | 0256933 | 027834 | 0.4%6131 | 1561864 | -0.0989
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<a¥yg 8> Length changes for each angle by

time(Y axis)
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<¥ 4> Average of length at COP(X)

and COP(Y) |
Angle 0 5 10° 15° pAa
COP(X) Mean | 067 040 (173 059 1.04
length SD 0.60 029 0.3 050 049
(cm) Mean{ 038 0.53 049 123 042
Y SD 0.51 0.34 053 033 0.23
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<Y 7> Average of length at COP(X)
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<3 5> ANOVA table for average of COP(X) axis

Source | D ANOVA S§  Mean Squares F value  Pro>F
Angle | 4 200262 0.5006565 2.146725 0090518
Enor | 45 1049481 0.233218

Total | 49 1249743

293, <E 6>014 ¢ 4 R0 COPYV)S] BAHA
At ZAzke] FAel dislols a-0064EAA o 3
7 Sl A2 UEIHTHE-504, p<0.00L).

<¥E 6> ANOVA table for average of COP(Y) axis

Source | D ANOVA SS Mean Squares F value Pro>F
Angle | 4 7576315 1807 5085319 0001933
Error H 1692714 0.376155

Total | 49 2450345
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<E 7> ANOVA table for each angle by time

at COP(X) axis

Source | DF ANOVA SS Mean Squrare F Valve Pr > F
Modet 13 0360 49 1399  0.0001
Error | 436 189656 390

Total | 49 2606.15
Source | DF ANOVA SS  Mean Squrare F Value Pr > F

Sec 9 B2 3B 0% 04723
Angle 4 67588 16897 4330 00001

<E¥ 8> Multiple comparison for each angle at

COP(X) axis
Duncan Grouping Mean(cm) N Angle
A 36531 100 5
B 2.8060 100 10°
B 278718 100 0
C 1.80%6 100 15
D 0.2504 100 x°

COP(Y)Zol izt Alztuld - FAjzbed oi3u|a
248 3 A <E 99 FMEoA9 Zo] AR
2 FoF ot ¢918-2 BATHF=1.90, P-00278). A3}
W2 0006 T FoF o7t ey
(F=0.20, P=0.9940) ZAId =¥ 2E §93 =o]7} glgo]
YeRHTHF=5.73, P=0.0002).

<E 9> ANOVA table for each angle by time

at COP(Y) axis
Source | DFF  ANOVA §S Mean Squrare F Value Pr > F
Model | 13 23 172 190 0.0278
Error | 436 43829 00

Total | 499 460.59

Source | DF  ANOVA SS Mean Square F Value Pr > F

Sec 9 164 018 020 09940
Angle | 4 2066 517 573 00002

<¥ 10> Multiple comparision for each angle

at COP(Y) axis
Duncan Grouping Mean(cm) N Angle
A 1.3831 100 2
A 13152 100 0
A 12843 100 5
B 10172 100
B 0.8479 100 5

OJAL Pl HHE COPX)e) gk B4z e
27E widk a8lx <¥ 10> Duncan Grouping 2
oA B RAY Ao, 0o, SoolA 23] 100, 150904
5317} o]FolA (o9t 507t 123 1008} 1507kl
A7) Qe Aoz etk
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<¥ 11> Correlation of COP(X) .

Ange | O 5 10 15 o0
o 1

5 | omis 1

0 | oams o662 | 1

15 | 0762674 OSGH OOMBH 1

2 | osoRna 043081 06XTB _odrem2 1
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<3 12> Correlation of COP(Y)

Angle 0 5 10° 15 O
0 1
5 04213 1
10° 0582124 0610081 1
15 068154 0422606 0621582 1
20 020077 02023 034132 0.109828 1
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<¥ 13> Regression analysis between COP(X)

and COK(Y)
X axis Y axis
X axis 10000 -0.2006
Y axis -0:2006 10000

COP(X)¢ COP(Y)oll tig 3| AEA L olefe]
<¥E 149 <E 15>9 Zon, <X 15594 BE 3
A Yol daire felat g Ao et o}
A COPX)ell disixist ¥4siglen] 443, <& 14>

oA & § UKol COPCO did AARHGE HAz
E(F=11212, P=0000D)%} XZe tidt HHZK(F=51805,
P=0000DlA feld 27t gle Ao e

73Atzte] sl wel &M AFE 23
£ COPX) tit 3A4e A7 2t

Y = -0.1385x + 36454 o))

<H 14> Regression analysis on COP(X)

Sum of
Source DF Mean Square F  Pro>F
Squares
Regression 1 403707 479.3707 11212 00001
Error 498 2129.1681 42754
Total 49 26085388
Variable S ve I F PooF

Estimate  Error  Sum of Squares

Intercep | 36454 0.1602 22148746 51806 00001
Angle -01386 00131 479.3707 11212 00001

<X 15> Regression analysis on COP(Y)

Source DF ;‘;mm: Mean Square F Pro>F
Regression 1 089 0.8 0% 0327

Error 498 46062 033

Total 499 46151

Variable S . F  Pro>F

Estimate  Emor  Sum of Squares
Intercep | 123286 00745 5157 27198 00001
Angle 00060 00061 089 09% 0327
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