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Tissue sectioning is an essential preprocessing for pathological diagnosis, tissue

Eec?ivgd ;g ;u?e ;g;g analysis, and biomaterial evaluation, and its reliability depends on the section-
evise uly . . . - . . oo
Accepted 29 July 2026 thickness U.,IllfO.I‘mHy and repeatablhty.. We designed jamd fe.lbrlcated a multi-axis
mechatronic microtome system to realize a target section thickness of 4-5 um and
performed sectioning experiments. The system comprises X-, Y-, and Z-axis ball
K?y words: screw-based linear feeding mechanisms and auxiliary posture-adjustment structures.
MICI“.OTOme o FEM modal and static structural analyses were conducted to examine the dynamic
Prec1-51on. Secm?mng stability and front-structure deformation. The basic driving performance was
Multi-axis motion system evaluated using displacement sensor-based microfeeding tests and input pulse
Mechatronic system analysis. Under a 2-pulse input, the X- and Y-axis feed displacements were
In-position stability 0.61301 um and 0.59247 pm, respectively. The 3o in-position stability values
Stroke evaluation were £0.1753 pm, £0.1609 pum, and £0.1528 um for the X-, Y-, and Z-axis,
respectively, confirming repeatable micro-feeding; effective strokes were
approximately 100 mm for the X/Y axes and 120 mm for the Z-axis.
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Table 1 Specifications by axis

Axis Stage Travel/Angle| Resolution | Repeatability
X | LSM2-8160 | +50 mm 11’121./2)?12156 +1 um
Y | LSM2-8160 | +50 mm rm(z]'/(;(flse +1 um
Z JLD45 120 mm +0.01 mm
T LSSS(;]Z';O/ +4.5°4+5° - +0.007°/40.005°

Table 2 Required motion specifications and selected actuators

by axis
Axis Mass (kg) Lead (mm) Motor
X 2.80 1 KH4248
Y 2.80 1 KH4248
V4 3.66 10 KH4260
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Fig. 2 Modal analysis result
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Fig. 4 Configuration of the motion control system for the cutting
machine
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Table 3 Resolution result

Axis pulse | Theory (um) | Avg (um) Error (um)
1 0.3125 0.4085 0.0960
2 0.6250 0.6130 0.0119
X 3 0.9375 0.8524 0.0850
4 1.2500 1.3314 0.0814
5 1.5625 1.7883 0.2258
1 0.3125 0.3731 0.0606
2 0.6250 0.5924 0.0325
Y 3 0.9375 0.8809 0.0565
4 1.2500 1.2585 0.0085
5 1.5625 1.6435 0.0810
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Table 4 In-position stability result (30)

Axis Ist (um) 2nd (um) | 3rd (um) | Avg (um)
X 0.1623 0.1667 0.1973 0.1753
Y 0.1601 0.1589 0.1637 0.1609
z 0.1555 0.1506 0.1523 0.1528

Table S Maximum speed results of X, Y, Z axis

Axis Input (speed) Measured (speed)
X 15.00 mmy/s 16.44 mm/s
Y 15.00 mmy/s 16.66 mm/s
V4 133.33 mmy/s 143.00 mmy/s

X Axis Velocity Profile (Measured / Command / Target)
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Table 6 Stroke results of X, Y, Z axis

Axis | Specification (mm) Measured (mm) Error (%)
X 100 mm 99.539 mm -0.461%
Y 100 mm 100.263 mm +0.263%
Z 120 mm 119.036 mm -0.803%
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Z70|A 143 mm/s2] Mt S5 YERAITE Stroke B71ollA =
X2 99.539 mm, YZ 100.263 mm, ZZ 119.036 mme] 0] 7]
27t AEEglon, Al & RE AA B3 stroke THH] 1% oJuf9]
oA Hgloh

FHE, A T 4B/ A2YE BE 4

U A7 ol WANE 7% A5

o] gTE AR IEHFAR)Y Aoz gEATA
9] A|9(No. RS-2024-00431837) R (AHIEAAAR)E] A
9lo2 x|9I(No. RS-2024-00441886)S Hro} 2:3iE Qi7L9).
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