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Design of Inchworm Linear Motor Using Design of Experiment

S. D. Ye(Mech. Eng. Dept., DEU), B. H. Min(Mech. Eng. , DEU)

ABSTRACT

Inchworm linear motor is one of the ultra precision position apparatuses and has many kinds
of forms and structures according to the conditions of working space and range. In this
paper, the inchworm linear motor consists of three PZTs(Piezo-electric transducer), three
columns and two plates. Finite element method was used to determine the type of hinges
installed in column of inchworm linear motor. DOE(Design of experiment) was used to
determine the optimal design condition of a column by comparing the von-mises stresses
according to the change of thickness of hinge, round of hinge, height of arm, angle of
v-notch, round of v-notch and thickness of column. From the result, round of hinge, height
of arm and thickness of hinge were determined a effective design parameters.
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Fig. 1 Solid modeling of Inchworm linear
motor

Fig. 2 Schematic diagram of operating procedures
of inchworm linear motor

Fig. 3(a)
Detail view of
movable column

Fig. 3(b) Detail view of Hinge
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Table 1 Material properties of Aluminum

Young's .
Material Moduius | Poisson's ratio Ylelst;rengtg
( mN/mm3 (. mN/mm
Aluminum 72E6 0.34 270E3

Y =

g Aol FZ= Fig3 (b)) o] 35HF71 Aok &
Folde dPREe F3 AAE dHs] A3
A Fx F AEHAM L adly oE =X
2 FoM AAstuzzch E =x9 4
E A8 £ZEYo]o] ANSYS 6.02 ©] &3

— N

S b L
16:95: 2,
s

121033 o el o 25 . 4BR 7511
3 :

Fig. 4(a) Von-mises stress distribution of
double hinge
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Fig. 4(b) Von-mises stress distribution of
single hinge
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Fig. 5(a) Von-mises stresses according to the
change of thickness of hinge
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Fig. 3(b) Von-mises stresses according to the
change of round of hinge
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Fig. 6 Modeled column of inchworm linear motor
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Table 2 Control factors and their levels
concerned with the design of a

column
LEVEL
Control factors 7 3 3 4 5
Thxgkness of 02mmi{04mm|06mm!08mm|1.0mm
hinge(A)
Round of 02mm |04 mm |06 mm|08mmji1.0mm
hinge(B)
Height of 30mm|35mm |40 mm]|45mm|50mm
arm(C)
Angle of o . . . *
v-notch(D) 70 80 * 1 e
Round of
] : ) 0.7 .
V-notch(E) 0.4 mm (0.5 mm | 0.6 mm e
Thickness of 20mm{30mmi{4.0 mm |50 mm]|60mm
column(F} J

Table 3 Analysis of variance for SN

ratios

Contribut

Factors s DOF| V ont rl‘,ﬂbt“e
A 11.820 | 4 2.955 3.45%
B 290.198 | 4 |72.549 84.65%
of 34.594 | 4 8.649 10.09%
D 2.626 | 4 0.657 0.77%]
E 1.238 | 4 0.309 0.36%
F 2.364 4 0.591 0.69%
Error 0.000 | © 0.000 0.000
Total |342.840-| 24 - -

Table 4 Analysis of wvariance for SN
ratios after pooling

Contri
tiarcs s |por| Vv |pbution| F
rate

A | 11.820{ 4 [ 2.955] 3.45%] 5.69
B |290.198] 4 [72.549]84.65%] 139.79
c 34.594| 4 | 8.649/10.09% 16.66
Error 6.228| 12
|Total] 342.840[ 24 |
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Fig. 7 Main effects plot for S/N ratios
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