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The position of the center of gravity of the object, the object with uniform mass distribution (uniform object), the position of the center of gravity is only related to the shape of the object. For objects with regular shapes, the center of gravity is at the geometric center. For example, the center of a uniform thin straight rod is at the center of the rod, the center of gravity of a uniform sphere is at the center of the sphere, and the center of gravity of a uniform cylinder is at the center of the axis. The center of gravity of irregular objects can be determined by the suspension method. The center of gravity of the object may not necessarily be on the object.

For objects with uneven mass distribution, the position of the center of gravity is not only related to the shape of the object, but also related to the mass distribution within the object. The center of gravity of the truck changes with the amount of load and the loading position, and the center of gravity of the crane changes with the weight and height of the lifting object.

Take the space rectangular coordinate system Oxyz fixedly connected to the object, and set the object's center of gravity coordinates as xc, yc, Zc, and divide the object into several tiny parts as shown in the figure. The gravity of each tiny part is W1, W2, ·· ···, Wn, the coordinates of each force application point are (x1, y1, z1), (x2, y2, z2), ..., (xn, yn, zn). W is the resultant force of each gravity W1, W2,..., Wn. According to the theorem of the resultant moment, the moment of the resultant force W on the axis is equal to the algebraic sum of the moments of each component on the axis. If there is

We can available that

In the same way, the y-axis moment can be obtained


For the manually propelled wheelchairs we studied, mechanical efficiency is a very important topic. Wheelchair users, clinicians, manufacturers, and payers will all benefit from a better understanding of mechanical efficiency. However, the measurement of mechanical efficiency is no small challenge. The overall propulsion efficiency of wheelchairs is based on many factors. From a mechanical point of view, there are two factors that greatly affect the manual movement of the wheelchair: friction and inertia. These factors are manifested as rolling resistance, bearing friction, mass and mass distribution of the entire system (chair + occupant), to name a few. Note that the overall system quality is a factor. Although the weight of the wheelchair obviously affects this number, the weight of the occupant is the main contributor. For example, the weight of an 80 kg person sitting on an 11 kg chair differs from the weight of a person sitting on a 13.6 kg chair by less than 3%.

If only the linear motion is considered, the system inertia caused by the difference between the rotating (yaw) wheelchair and the left and right wheels is eliminated. The basic equation is as follows:

where KE is the total kinetic energy, m is the mass of the occupied wheelchair, v is the speed of the occupied wheelchair, ID is the moment of inertia of the drive wheel about its axle, ωD is the rotation rate of the right and left drive wheels, IC is the moment of inertia of the caster wheel about its axle, and ωC is the rotation rate of the right and left caster wheels. The neglected terms are primarily the caster yaw and the KE of whole-system yaw (turning), pitch (wheelie motion), and roll (sideways tipping motion), which are expected to be small during straight motion.
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