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Development of 6-Axis Stiffness Measurement Device

for Prosthetic Socket Design
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Abstract: The paper proposes a stiffness measurement device composed of a measurement part
including six indenters and a fixing part including four fixtures. The device is able to make
simultaneously measurements of the stiffness of human arm. The six indenters make use of both
position and force control schemes sequentially whenever needed. In addition, the loadcells and the
digital encoders are attached to the indenters and electric motors, respectively, so that the data can be
provided in real time. On the end of the indenter, two-axis potentiometer is attached in order to
measure the angle difference between the applied force axis and the axis normal to the skin of human
arm, and to convert the force measured on the loadcell into the actual applied force to skin. For this
purpose, the mapping between the voltage output and the angle of potentiometer was obtained by
fitting it for each axis. Ultimately, the measurement device was able to measure the stiffnesses of six
regions of human arm.
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[Fig. 1] Six-axis stiffness measurement device composed of the
measuring part including indenters and the fixing part
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[Fig. 2] Structure of the indenter located inside the measuring
part, where the indenter consists of DC motor with encoder,

ball-screw, loadcell, 2-axis potentiometer, and indenter head
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[Fig. 3] 2-axis potentiometer equipped into the indenter
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[Fig. 4] Block diagram of the stiffness measurement system for

human arm
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[Fig. 5] Relationship between the angle variations of the
potentiometer attached on the indenter endpoint and its output
voltages, and their linear fitting

[Table 1] Linear fitting results of x-axis and y-axis of the
potentiometer, where SSE implies the sum of the squared errors,
R-square denotes how close the data are to the fitted regression
line, and RMSE means the root mean square error

SSE R-square RMSE
0.0104 0.9990 0.0456
0.0057 0.9994 0.0308
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[Fig. 7] Experiments of stiffness measurement on forearm: (a)
snapshot while conducting the experiment, (b) six indentation
points on the left arm
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[Table 2] Experimental results of four subjects

point (1)|point (2) | point (3) | point (4) | point (5) | point (6)

Fats 5153 | 10.18 | 1581 | 8.068 | 3.280 | 7.733
[mm]

4 (xdis )

1.137 | 3.686 | 6409 | 2922 | 1.077 | 2.429
[mm]

cosf 0.973 | 0.970 | 0.963 | 0.973 | 0.965 | 0.985

a(cos@)| 0.005 | 0.008 | 0.010 | 0.010 | 0.006 | 0.006

[IF\;I)] 9482 | 9455 | 9.262 | 9.363 | 9.775 | 9.922
E\gf;’) 0.391 | 0.323 | 0.298 | 0.484 | 0.781 | 0.688
k 1.759 | 1.066 | 0.697 | 1.282 | 3.059 | 1.429
[N/mm]
o (k) 0.352 | 0421 | 0.683 | 0476 | 0.361 | 0.631
[N/mm]
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[Fig. 9] Means and standard deviations of the measured stiffhesses
at six indentation points of the left forearm as suggested in [Fig. 7]
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