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The Analysis of Risk for Musculoskeletal Inuries in Combine Harvesting
Operation Using a Digital Human Model

Y. J. Kim Y. H Rim

K. S. Lee

C. H. Choi J. H, Mun

The purpose of this study is to analyze musculoskeletal injuries in combine harvesting operation using a digital human

model. In order to analyze problems in combine harvesting operation, the operations were broken into 5 work processes and
then we preformed ergonomic and biomechanical analyses such as RULA test, Comfort Assessment and joint kinetic analysis
for the each process. As a result, there was a clear need to change the combine operating environment, as the RULA score
ranged from 4 to 7. In addition, we could find two major musculoskeletal injury factors which are the standing posture

with upperbody forward tilting and inappropriate location of operating levers.

Keywords : Combine operation, Musculoskeletal Injury, Digital human model, Biomechanics, Ergonomics
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Table 1 Specification of the combine

Item Specification
Model HU7000G
Rated power/speed 68ps/2,600 rpm
No. of cutting row 5 rows
Cutting width 1,7000 mm
Maximum speed of cutting knife 1.5 m/s

Table 2 Specification of Lafayette manual muscle test system

Item Specification
0-136.1 kilograms high range /
R
ange 0-22.6 kilograms low range
Accuracy +1% both range
Resolution 0.2 kilograms high range /

0.1 kilograms low range
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Fig. 2 Motion capture system and the combine mockup.
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Table 3 Definition of each joint angle in the digital human model (Porter and Gyi, 1998)

Item Definition
Head Flexion The angle between vertical and a line connecting the base of the neck and the auditory canal.
Head Lateral Tilt of the head sagittal plane from vertical.
Head Rotation Rotation of the head from straight forward with respect to the torso.

The angle between the torso long axis (connecting the center of the hips with the center of the shoulders), and
the sagittal plane projection of the line connecting the acromion with the lateral epicondyle.

The angle between the torso long axis and the frontal plane projection of the line connecting the acromion with
the lateral epicondyle.

Upper Arm flexion

Upper Arm Elevation

Humeral Rotation The rotation about the long axis of the upper arm from the neutral posture.

The angle between a line from the acromion to the lateral epicondyle and a line from the ulnar styloid to the

Elbow included lateral epicondyle.

Forearm Twist The deviation of the wrist from neutral about the forearm long axis.

Wrist Ulnar Deviation | The angle between the long axis of the hand and the long axis of the forearm.

Wrist Flexion The angle between the long axis of the hand and the long axis of the forearm.

The angle between a line from the acromion to the greater trochanter and a line from the lateral condyle to the

Trunk-thigh angle greater trochanter.

Leg Splay The rotation about the long axis of the thigh from the neutral posture

Thigh Rotation The rotation about the long axis of the thigh from the neutral posture.

The angle between a line from the greater trochanter to the lateral condyle and a line from the lateral malleolus

Knee included and lateral condyle.

Foot Calf included The angle between a line from the lateral condyle to the lateral malleolus and a line parallel with the foot.

Table 4 Working motions in the combine harvest operation

Prepare Harvest Redirection Thresh
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Table 5 Reaction forces in each lever operation (Unit: N)

Operating process Lever type Operating reaction forces Mean (£SD) | ISO* standard (Maximum operating reaction force)
Prepare RPM Lever 559 (£3.1) 230
Harvest Harvest Lever 39.2 (£3.84) 230
Main-Shift Lever 68.6 (£5.26) 230
Redirection Sub-Shife Lever 103.9 (£14.8) 230
Steering Lever 51.1 (2.9) 100
Thresh Thresh Lever 103.9 (x12.26) 230
Auger Auger Lever 15.1 (¢1.36) 20
*ISO Standard 5010
Table 6 Results of RULA assessment of combine harvest operation
RULA (score)
Subject 1 Subject 2 Subject 3 Subject 4 Subject 5 Subject 6
Prepare 6 6 6 6 6 6
Harvest 3 6 4 6 4 6
Redirection 5 4 5 5 5 4
Thresh 6 7 7 6 6 6
Auger 6 6 6 6 6 7

** RULA score and action.
1-2: Posture acceptable if not maintained or long periods.
3-4: Further investigation needed. Changes may be required.
5-6: Investigation and changes are required soon.
7: Investigation and changes are required immediately.
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Table 7 Results of comfort assessment of combine harvesting motion

J. of Biosystems Eng. Vol. 35, No. 3.

Result of comfort assessment

. . Standard Prepare Harvest Redirection Thresh Auger
Joint position - : : : - :
Min Max | Com. | Dis. Com. Dis. Com. | Dis. Com. Dis. Com. | Dis.
Head Flexion -10 26 O O O O O
Upper Right Arm flexion 19 75 O O [ O O
Upper Left Arm flexion 19 75 O | O O A
Right Elbow included 86 164 O O O O O]
Left Elbow included 86 164 VAN ] A O U
Trunk-Right thigh angle 90 115 O O O O O
Trunk-Left thigh angle 90 115 O O O O @)
Right Knee included 99 138 O O O O @)
Left Knee included 99 138 O O O O O
Right Foot Calf included 80 113 O O O O O
Left Foot Calf included 80 113 O O O O O
**Standard of Mark
Com. : Comfort , Dis. : Discomfort
O: 6 subject, [: 4~5 subject, A\: 3 subject
Table 8 Musculoskeletal injury factors in combine harvest operation
Joint position Discomfort Injury elements
Prepare Standing posmo.n .
Head and Lumbar rpm lever (low position)
Auger Auger lever (hight position)
Upper Right Arm Redirection Standing posmon (for rea 1 view)
Steering lever position
Harvest Standing pqsnl]on (for I?e_v1der view)
Shift lever position
Upper Left Arm Redirection Standing position (for real view)
Thresh Standing position (for real view)
Auger Auger lever position
Right Elbow Auger Thresh lever position (low position)
Standing position
Prepare rpm lever (low position)
Harvest Standing pqsnt]on (for ]??Vlder view)
Left Elbow Shift lever position
Redirection Standing posmon (for' feal view)
Shift lever position
Auger Auger lever position
. . All Standing position
Trunk-Right/Left thigh angle - —
All Standing position
All Standi sition
Right/Left Knee .ng po —
All Standing position
Right Foot Calf Thresh Body rotation (for real view)
Left Foot Calf Prepare rpm lever (low position)
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