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Improvement of Firing Elevation Driving Method for Towed
Howitzer to Prevent Musculoskeletal Problems

Sung Ho Park
Agency for Defense Development

The purpose of this study is to improve the firing elevation driving method for towed howitzer to prevent the
musculoskeletal disorders. To adjust the firing elevation, it is required to rotate the hand wheel and this work has
been done manually in the firing test range as the same method as field artillery troops. In the firing test range,
the motor-driven firing elevation adjustment device was developed to improve the working efficiency and
safety. These were compared by using posture classification scheme of RULA and REBA. It was measured
elapsed time to investigate the improved operational efficiency. The optimal posture of upper body to operate
the hand wheel for field artillery troops was proposed.
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Figure 1. Annual Occurrence of Fishing Boats
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Figure 2. Daily Occurrence of Fishing Boats
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Figure 3. 155mm Towed Howitzer
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Table 1. Design of Motor-Drive Firing Elevation Adjustment
Device
Driving | Driven
side side
Number of teeth 12 20
Diameter of pitch circle(mm) | 49.1 81.2
Sprocket - :
Revolutions per minute(rpm) 133 80
Torque(kgf - cm) 291.0 485.0
Output torque(kgf - cm) 19.4
Motor Gear ratio 15:1
Max. r.p.m.(rpm) 2,000
Chain No. #40
Breaking load(kN) 14.2
Average velocity(m/s) 0.34
. Transmission force(N) 1,184
Chain -
Max. transmission force(N) 1,776
Safety factor 8.00
Number of links 66
Wheelbase(mm) 317

(a) Before

(b) After

Figure 4. Modification of Firing Elevation Wheel Driving Method
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(b) Side view
Figure 5. Detailed View of Motor-Driven Firing Elevation Adjustment Device
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Figure 6. Remote Controller
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Figure 7. Manual Manipulation of Firing Elevation Wheel

Figure 8. Motor-Driven Manipulation of Firing Elevation Wheel
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Table 2. Assessment and Comparison of Working Posture

RULA REBA
Manual | Motor-driven | Manual | Motor-driven
Upper | L 3 3 3 3
arm | R 5 2 4 2
Lower | L 2 2 2 2
arm | R 3 3 2 2
Arms
) L 1 1 1 1
Wrist
R 2 2 1 1
Wrist | L 1 1 N/A N/A
twist | R 1 1 N/A N/A
L 1 1 1 1
Trunk
R 1 1 1 1
L 1 1 1 1
Neck
R 1 1 1 1
L 1 1 1 1
Legs
R 1 1 1 1
L | NA N/A 0 0
Handle
R | N/A N/A 0 0
Force or L 2 2 0 0
Load R 4 0 2 0
L 4 4 2 2
Scores
R 7 3 5 1
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Figure 12. Joint Trajectory Due to Changes in Upper Body Posture
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