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during Pushing the Manual Vehicles
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Abstract

A high prevalence of protected horticulture farmer’s work-related musculo-skeletal disorders (MSDs) have been reported

in precedent studies. One of the tasks required ergonomic intervention to reduce the musculo-skeletal risks is the task of

product transporting. The purpose of this study is to evaluate quantitatively the spinal load of operator using manual vehicles

to predict and prevent musculo-skeletal risks. Spinal load in operators using 4 kinds of manual vehicle were analyzed.

Before evaluating spinal load on operator using the manual vehicles by bio-mechanical approach, it is needed to validate
human model. In this study, ADAMS LifeMOD human model shows satisfactory results, comparing with already validated

model’s results or measured results. While Operators pushed the manual vehicles(wheelbarrow, Trolley, 2 wheel cart, and

4 wheel cart) contained loads that were 0 N and 800 N, their spinal loads(compression force, shear force) were evaluated.

The compression force demonstrated under the NIOSH action limits - 3410N - for all 4 manual vehicle’s operators(McGill
1997; Marras 2000). However, the lateral shear force demonstrated over the University of Waterloo - 500N - for all 3
manual vehicle’s operators except 4Wheel cart (Yingline and McGill, 1999). Therefore, operators have risks in prevalence

of the musculo-skeletal disorders due to shear force. The findings of this study suggest that it need to be determine the

spinal load, especially lateral shear force in designing the manual vehicles in the future,

Keywords : Manual vehicle, Human model, Pushing, Spinal load, Bio-mechanical analysis
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Table 1 Characteristics of the subjects

Age(yr) Height(cm) Weight(kg)

253 (£ 0.6) 178 (& 7) 753 (£ 5.9)

(a) Subject
Fig. 1 Subject and marker-set.

(b) Plug-m Gait Marker-set
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Table 2 Specification of manual vehicles

Manual Vehicle

Items
Contents Wheelbarrow Trolley 2Wheel Cart 4Wheel Cart
Tire (Type) Pneumatic Pneumatic Pneumatic Pneumatic
Element |Frame Pipe Pipe Pipe Pipe
Material Steel Steel Aluminium Aluminium
Length (mm) 1200 550 1400 1200
Width (mm) 560 525 540 590
Body |Height (mm) 650 1100 750 1000
Size  |Shaft distance of Tire (mm) 0 480 300 460
Ground clearance (mm) 200 0 500 350
Wheel Size (mm) 254 203 430 220
Weight (kg) 16.3 124 9.1 10.0
Table 3 Specification of the equipment used in this study
Equipment Maker Modet Specification
1. User selected frame rates : up to 1000 fps
2. Pixel of digital CMOS sensor : 1280 x 1024
Camera VICON MCam?2 3. Aspect ratio : 1.33:1
4. Infra-red strobe : 875 nm
5. Resolution : 1280 x 1024 pixels
1. Channel : 6 Channel
Force Platform AMTI ORé6-1 2. Frequency : 60 ~ 1080 Hz
3. Fx, Fy, Fz hysteresis: = 0.2% Full Scale Output
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Field Study ( Video Recon
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= Task Analysis { Work Cyele }
 Environmental factors : Weight { 0 ~ 80kg ), Ground Status ( Friction)
« Machine Factors

-
-

Laboratory Study ( Motiun Capture Svstent )

* Kinematic Analysis ( COM, Joint Center & Joint Angle ) : Model
Validation
« Kinetic Analysis (Joint Force & Moment} : Model Validation

+ Ground Reaction Force (Force Plate) : Model Validation

Simulation Study { ADANMS + ADANS TifeMOD Huamn model )

* Operator ( Human ) & Manual Transport Vehicle ( Machine ) Integration
* Biomechanical Analysis { Lumbar )
+ 4 Types of manual vehicles

Fig. 2 Study Process using Human Model.



7ZE dirde Az vojad 7 oA Lut 7
ke AA ek BrkE g ol gH Tk

& B4 S olgdlo] F 7 7B 2 JBE £
st s 29 A58 Ao nasa &
AYRE YSAAL T WA 7;;/::94 292 0] 83
Mg Sl guktiate] W) 2 AR ASH)

(
-

i o}n

&. ADAMS LifeMOD O|&3t QINEHY

THH UAAEHS g ATEe] BRG.LifeMOD
2005.0.0 (Biomechanics Research Group, Inc., USA)S ©]&
SR} o] AZESo)e 4 A FYE ] ZrIY
9l ADAMS (Mechanical Dynamics Inc., USA)el 715k}
FEHh ADAMS LifeMOD QIAE2S o83 2o
A DL P, $FS Pl 1 ARDE of
S 39| A4S AFs] A /84 HrkE Addst
Aot A e Tl AFE AAEEE o] gl AU
o 8 2 el olg5l Akl 49491 2

Frel g A B ek

3. 3 ¢ uf

. ADAMS LifeMOD OIf|@% 33 Zif

2R $89E AT A AR A e
ohlz} Hrhpie] Faslth AkA R Bl BEg
53l 25 Brkshaa ks Axg delehAl B A7
& BPRE T BT 299 4842 B, A
o gk Aol ()3 4 (), 4t 2 Aol 2 (3) B A 4
@) Boz B

Absolute Difference = L, p0p0™ L yieon (1)
Z(L ife —L lmn)z
Root Mean Square = \/ Lif M()z v @
Lyjerion—L
Relative Difference (%) = —2L2M0 THon o100 (3)

LVi

oon

J. of Biosystems Eng. Vol. 34, No. 4.

*
ZLyiterson” Lo

Ty = 4
L4feMOD: icon Z‘lelife[l[OD *XL I2fluou )

where, Liiemop : Predictive value, Lvicon : Experimental

value

R o] AeE olv] AFHY 4§ ZE T AR
%= Vicon Plugin-Gait 22¢] A9} v|x B9y, &
/] 299 A9 Beol ANE 239 R3i0h vl Bk
o R F84E AFHAL AU A2 A
% o) 2799 539} TR0Ag B9 RS A vl 7

7kttt

1) FASH ¥ 1o

1% 39 F 40lA 9} gol, B Fof whlsl= Xddly
(GRFy= A9, izt 2] gt9] 49, 9%, 285 1
T 15% olate] k& 7HAH, A GekA B42) APt 7]
22 15%°]ulell ZF= ST Wojtyra, 1999). Zoigk =fo] 3k

Ground Reaction Force

—— Experiment
Ve Simulation

§25.0

175.0

{a) Left Foot
00
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Time, &
Ground Reaction Farce
700.0 T
~ memem=  Experiment
™, mwmems Simulation

525.0

g 250.0 1

175.04

(b) Right Foot

0.0
1.0 15 20 25 3.0
Time, s

Fig. 3 Validation Data in Ground Reaction Force - Vertical Force
(dotted : Experiment, line : Simulation).

Table 4 The validation of the simulation’s resuit in ground reaction force at walking

Left Foot Right Foot
Contents
X Y Z X Y Z
Relative Position Differences (%) -2.49 - -4.22 14.53 - -1.42
Absolute Position Differences (N) -6.62 -0.68 8.71 -0.97 2.39 10.74
Root Mean Square (N) 62.45 2741 93.40 65.83 9.53 100.64
Pearson’s Correlation Coefficients 0.94 0.62 0.94 0.94 0.77 0.94

X : Forward-Backward, Y : Left-Right, Z : Upward-Downward

289



ANz °l8T SHYA U7 YA 2FF AN 9y gt

Table 5§ The validation of the simulation’s result in COM at walking

Center of Mass

Contents
X Y V4
Relative Position Differences (%) 3.17 0.04 0.19
Absolute Position Differences (mm) -7.06 -0.18 -0.88
Root Mean Square (mm) 13.69 9.91 7.79
Pearson’s Correlation Coefficients 0.99 0.78 0.74
X : Anterior/posterior, Y : Vertical, Z : Right/Left
Table 6 The validation of the simulation’s result in kinematic data at walking
Left Right
Contents - -
Ankle Knee Hip Ankle Knee Hip
Relative Position Differences (%) -9.17 0.70 -1.97 1.28 5.47 -1.52
Absolute Position Differences (N) 1.17 0.01 0.62 0.03 -0.54 -0.56
Root Mean Square (N) 226 246 244 2.08 3.28 248
Pearson’s Correlation Coefficients 097 0.99 0.99 0.97 0.99 0.99
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Fig. 4 The validation of the simulation’s result in kinematic data Fig. 5 The validation of the simulation’s result in kinetic data at
at walking(dotted:Experiment,line:Simulation). walking (dotted:Experiment,line;Simulation).
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Table 7 The validation of the simulation’s result in kinetic data at walking

Left Right
Contents A
Ankle Knee Hip Ankle Knee Hip
Relative Position Differences (%) -4.75 -8.00 -6.34 -1.57 -2.52 -0.73
Absolute Position Differences (N) 22.77 0.84 6.27 -5.15 -8.07 -5.34
Root Mean Square (N) 96.24 99.76 108.16 98.53 104.50 102.01
Pearson’s Correlation Coefficients 0.95 0.94 0.94 0.95 0.94 0.94
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Fig. 6 The validation of the simulation’s result in torque at Lumbo-
sacral Joint.
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Table 8 Force at Lumbo-sacral (L5/S1) Joint

Specifications
Items Wheelbarrow Trolley 2Wheel Cart 4Wheel Cart
0 kg 80 kg 0 kg 80 kg 0 kg 80 kg 0 kg 80 kg
- o Max 97550 | 129267 | 642.18 | 121026 | 696.62 | 109329 | 41611 | 36516
°mp’essa\‘]‘)’“ oree Mean | 36321 | 48756 | 37090 | 30099 | 42507 | 59512 | 22554 | 37231
Min 5527 | -103.05 | 12331 | -34135 7364 | -199.89 7191 | 24990
| Shear F Max 15271 | 67604 | 17654 | 747.06 | 15346 | 79406 | 12059 | 12036
Latera (N‘;ar oree Mean 242 247 61.23 5438 34.72 49.76 9.87 773
Min | -534.17 | -739.63 7646 | -611.51 5166 | -72503 | -116.19 | -140.61
Anterior Shear F Max 43332 | 20296 | 10806 | 20422 57.35 74.38 485 3745
terior (N)e‘“ orce Mean | -30.04 | -1677 926 | -5596 593 | 3745 | 4244 | 8735
Min | -55132 | -17173 | -12320 | -347.54 6605 | -160.78 | -101.65 | -164.15
Foree, N Force, N
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Fig. 8 Compression Force at Lumbo-sacral (L5/S1) Joint.
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Fig. 9 Lateral Shear Force at Lumbo-sacral(L5/S1) Joint.
UW AL : University of Waterloo action limits for shear force at
lumbo-sacral joint.
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