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Ergonomic Optimization of the Handle Height and Distance for
the Two—Vertical Type Handles of the 4-Wheel Cart

Young Woong Song”
*Department of Occupational Health, Catholic University of Daegu

Abstract

Among various manual materials handling tasks, pushing/pulling was known to be one of the risk factors for the
low back and shoulder musculoskeletal disorders (MSDs). This study was conducted to find out an optimal solution
set of the handle height and distance for 4-wheel cart with two vertical handles. Ten male college students
participated in the pushing force measurement experiment. The face-centered cube design, one of the central
composite designs, was applied for the experiment, and the isometric voluntary pushing force was measured in 9
treatment conditions. The second order response surface model was predicted by using the pushing strength as a
response variable, and the handle height and distance as independent factors. According to the 2nd order response
model, the handle height and distance showed nonlinear relationship with the isometric pushing strength. To
maximize the 2nd order response model (pushing force), the handle height and distance were optimized. The
optimal handle height was 'xyphoid process height — stature’, and the optimal handle distance was ‘1.25*shoulder
width’. When calculated using the anthropometric data of the subjects of this study, the optimal handle height was
1154 + 34 cm, slightly higher than the elbow height, and the handle distance was 529 + 2.3 cm.
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<Table 1> Summary of anthropometric measurement

Item Mean| S.D. | Min | Max
Age(year) 237 | 1.8 1210|270
Weight(kg) 746 | 165 | 575 | 1124
Stature(cm) 1787 45 1169.3|1835

Xyphoid height
vphor Izrocfss D& 216| 36 [1172]1203
cm,

Elbow height(cm) 1105 33 |106.1|1187

Knuckle height(cm) 70936 B | &6

Shoulder width(cm) 423 | 1.8 | 394 | 448
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<Table 2> Treatment conditions in coded values and

actual values
Treatment Height Distance
number | Code |Actual value|Code| Actual value
XPH+0.15
i +1 ST +1 1.50SW
XPH+0.15
|2 |Pactorial| ! ST 1| 1LOOSW
points | . |XPH-0.15
i 1 ST +1 1.50SW
XPH-0.15
4 1 ST 1 1.00SW
XPH+0.15
i +1 ST 0 1.255W
6| Axial | o [XPITO151, 1.255W
|| points ST
7 0 XPH +1 1.50SW
8 0 XPH -1 1.00SW
g Center | o 1 xpa | 0 | 1o5swW
poimnt

XPH : xyphoid process height, ST : stature, SW : shoulder
width
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<Figure 1> Experimental setup
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<Table 3> Average pushing forces and normalized
pushing forces according to different treatment

conditions
Treatment . Normalized
condition Pushing force(N) force(%)
No.| Height Dis Average| S.D. |Average| S.D
) g tance ag .D. ag D.

1] +1 +1 | 2060 | 678 2.2 7.0

2| +1 -1 | 1985 | 678 69.3 74

3| -1 +1 | 2619 | 718 92.2 9.0

41 -1 -1 | 2570 | &9 90.0 6.1

+1 0 2068 | 663 726 6.1

-1 0 2009 | 769 91.9 10.0

7 0 +1 ] 2699 | 1011 | 934 5.8

8 0 -1 | 2722 | 1007 | 954 87

9 0 0 274 | 971 | 1000 0.0

Total 2463 | &9 86.2 13.0
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<Figure 2> Pushing force response surface
according to the handle height and distance



J. Korea Saf. Manag. Sci. Vol. 15 No. 4 December 2013
http://dx.doi.org/10.12812/ksms.2013.15.4.123

ISSN 1229-6783(Print) 127
ISSN 2283-1484(Online)

Q9] M8 WHLS stepwise select
ion methodE AFE3AT HEH o= +1, 0, -1=2 =
byl Syl iste] ofefe] Ao] Ak Ao
AAE L) 7]oA HiE &Fo] :ol(height), D &
&5l 7+e] 7HA(distance) 0] ATt

4

Force = 9810 -10.01+H -14.92+H* -2.76xD* e0)

o] o] R?=(7148 Adjusted R?>=0.7048°]w, At
9] p-value 7} 0.001Ett Zolx EAZA

#4432
o Folg A H7EICH Table 4),

<Table 4> Summary of ANOVA for model
Spurce SS df | MS F p

Model {10611.68| 3 [353723| 71.83 |[<0.0001

H 6007.42| 1
H? 4452.22| 1
D? 152.4 1 1524 | 309 | 00824

6007.42( 122.00 | <0.0001

445222 9042 | <0.0001

Residuall 423474 86 | 4924
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Maximize F = 93.10-10.01xH-14.92+H*-2.76xD* 2)

Subject to -1 < H < +1 (3)
-1 <D< +1 (4)
where F : pushing force

H : handle height
D : handle distance
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