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LRURscllll Squat exercise is one of the important free weight exercises that can safely and effectively
expect the athletic performance by establishing the rationale. Therefore, it is necessary to study the side
effects caused by incorrect exercise, scientific countermeasures and to develop a exercise estimation model.
It is effective and accurate to use a variety of assistive devices to calibrate athletic posture. The issues
of the structural analysis for designing a foot plate for squat exercise is to model the behavior by the
dynamic behavior. It should be consider that the center of gravity of each segmented body is different
when the maximum load is applied. It is applied to complete system design through simulation method with
kinematic dynamic, ground reaction force and load analysis for the free weight exercise equipment, VR
device, and safety foot plate. In this paper, the authors propose the design method for the vertical load
distribution applied in the design of the foot plate used for the squat exercise mechanism, and based on
these results, design make the more safe and reliable free weight exercise equipment system.
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(a) Standing position (b) Squatting position
[Fig. 1] Squat excise vector analysis of movement
mechanism
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<Table 1> Pressure sensor specification

No. Max. capacity Value

1 Rated load 500kg

2 Rated output 1.6981 mvV/V
3 Zero balance 0.0133mvNV
4 Input resistance 760£7Q
5 Max excitation 15V

6 operating temperature range -40~70°C
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[Fig. 3] H bridge circuit for load cell sensor
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<Table 2> Pressure sensor specification

Name Foot plate Values
Mass Density 1.43 gfem
General Yield Strength 300 MPa
Ultimate Tensile Strength 577 MPa
Young's Modulus 133 GPa
Stress Poisson's Ratio 0.39 ul
Shear Modulus 478417 GPa
Name Stainless Steel -
Mass Density 8 glem
General Yield Strength 250 MPa
Ultimate Tensile Strength 540 MPa
Young's Modulus 193 GPa
Stress Poisson’s Ratio 03 ul
Shear Modulus 74.2308 GPa
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[Fig. 5] Sensor structure for foot plate design
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<Table 3> Fixed condition for load cell position

No. Condition Area
1 Condition (1) A-A
2 Condition (2) B-B
3 Condition (3) C-C
4 Condition (4) D-D
5 Condition (5) F-C
6 Condition (6) F-E
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<Table 4> Calculation results for stress and strain rate

Standing Descending & Squating
position Ascending phase position
Weigh
on | Von | ] ven || ven |
—dition | Mises - Mises - Mises .
Stress —rrent Stress rrent Stress rent
(MPa) - (MPa) ) (MPa) (mm)
1 1.86 - 1.85 - 342 -
2 1.66 - 1.66 - 347 -
3 269 - 296 0.015 204 -
4 272 0.014 299 0.015 2.08 -
5 2.88 - 291 0.015 267 -
6 3.17 - 320 0.015 296 -
7 245 - 252 - 3.63 -
8 272 - 279 - 3.68 -
9 270 - 289 - 346 -
10 298 - 311 - 3.56 -
" 1.86 - 1.94 - 375 -
12 213 - 222 - 383 0.019
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