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Development of the cyclic shear stressor for the estimation of erythrocyte's mechanical properties
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Abstract: The purpose of this study is to improve a variable cyclic shear-flow generator (VCSFG) for the investigation of
erythrocyte deformability. First prototype of the VCSFG generates the shear rate using by the two parallel plates sandwich
two silicone rollers, and when the top plate moves right, the silicone rollers rotate clockwise and the bottom plate moves left.
However, there were slip between the rollers and plates so that shear rate decreased. The gap distance between top and bottom
plate was low reproducibility. In order to resolve the reproducibility of the gap distance and the slip problems, we replace the
two parallel plates sandwich two silicone rollers to a liner guide consisted of two stages (processed light hand screw and left
hand screw) and a ball screwed shaft. We found that the liner guide system was able to supply high reproducibility of the gap

distance and the movable frequency of top and bottom plate-displacements.
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Fig.1 Schematic diagram showing the shear flow filed in the
variable cyclic shear-flow generator (VCSFG).
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Fig.2 Schematic diagram showing the VCSFG consisted of liner
guide.
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Fig.3 Schematic diagram showing the VCSFG with attached
rheoscope system.
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Fig.4 Relationship between top and bottom plate displacements
and shear rate.
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Fig.5 Time change of measurement and theoretical shear rates.

Table 1 Relationship between the measured displacement and
shear rate with each frequency (n=3).

Measured frequency [Hz] (Error[%])
Frequency [Hz] Displacement Shear rate
0.5 0.5 (0.83) 0.53 (5.24)
15 1.49 (0.57) 1.66 (10.76)
2.5 2.48 (0.67) 3.07 (23.72)
35 3.472(0.8) 3.78 (8.08)

Table 2 Maximum value of measured shear rate with each
frequency (n=3).

Frequency [Hz] Displacement [um] Shear rate [s]
(Error [%]) (Error [%])

Bottom / Top

0.5 780 (—3.90) 738 (—1.66)
776(—4.47)

1.5 250 (—7.54) 724 (—3.53)
251 (—7.49)

2.5 145 (—10.86) 710 (—5.29)
146(—10.39)

3.5 98 (—15.26) 684 (—8.76)
99 (—14.32)
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