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Development of the Design Algorithm Using the Equivalent Magnetic Circuit
Method for Colenoid Type Electromagnetic Linear Actuator
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This study proposes the design algorithm of an electromagnetic linear actuator with a divided coil excitation system, such as the
colenoid (COL) system, using the equivalent magnetic circuit (EMC) method. Nowadays, the clamping device is used to hold
workpiece in the electrically driven chucking system and is needed to produce a huge clamping force of 40 kN like hydraulic system.
The design algorithm for electromagnetic linear actuator can be obtained using the EMC method. At first, the parameter map is used to
decide the slot width ratio in the initial design. Next, to make the magnetic flux density uniform at each pole, the pole width is
adjusted by the pole width adjusting algorithm with EMC. When the dimensions of the electromagnetic linear actuator are decided, the
clamping force is calculated to check the desired clamping force. The design results show that it can be used to hold a workpiece
firmly instead of using a hydraulic cylinder in a chucking system.

Keywords : colenoid, electromagnetic linear actuator, equivalent magnetic circuit, electrically driven chucking system
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Fig. 1. (Color online) 3D view of the electromagnetic linear actuator.
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Fig. 2. (Color online) Cross section of the electromagnetic linear
actuator including dimensions.

Table I. Dimensions of electromagnetic linear actuator.

Parameter Description Unit Value

Finner Inner radius mm 475

Vouter OQuter radius mm 142.5

h,. Slot height mm 17.0

hy, Plate height mm 17.0

h,, Yoke height mm 17.0

g Airgap mm 0.1

[ Coil width mm 0.7

Fill factor : 0.5

Current A <18

Clamping force kN 240
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Fig. 3. (Color online) Equivalent magnetic circuit of the
electromagnetic linear actuator.

Table II. B-H curve coefficients of SS400.

Metal sheet k[ k2 k3 k4 k5 k(,
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Fig. 4. Calculation algorithm of clamping force considering non-
linear characteristics.
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Fig. 5. COL type electromagnetic linear actuator design algorithm.
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Fig. 7. (Color online) Parameter map (clamping force according to the slot width ratio and current).
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Table III. Pole width dimensions of stationary part according to the
optimal pole width algorithm.

Number of slot
Slot width ratio

2 3 4

Pole 1 194 136 95

. Pole 2 322 211 164

30% W‘dﬂ(’m‘fl)p"les Pole 3 15 214 163
Pole 4 : 103 165

Pole 5 . . 7.8

Table IV. Result of dimensions for COL type electromagnetic linear
actuator with over 40 kN.

Number Pole width (mm) Current  Clamping
of slot  Ppglel Pole2 Pole3 Poled A) force (kN)
3 15 23.8 23.8 11.4 18 40.33
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