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Abstract. Haptic displays that remotely present force using magnetism have been 

developed, but existing devices have limitations in the freedom of movement of 

the user’s hand. In this study, we propose a device that uses a Maxwell coil with 

large opening to drive a magnet grasped by the user. Preliminary experiments 

show that the force that can be presented by this device is comparable to that of 

devices based on illusory force induced by asymmetric vibration. 
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1 Introduction 

Haptic displays are divided into grounded and ungrounded types, and as an intermediate 

form between the two, there are displays that remotely actuate the grasped part using 

magnetic force. For example, Berkelman et al. [1] proposed a device that uses magnetic 

levitation to present force of six degrees of freedom within a range of motion of several 

centimeters. In addition, Lu et al. [2] proposed a device for presenting force of one 

degree of freedom in a cylindrical electromagnet array with a diameter of 210 mm and 

a length of 234 mm. However, the former has a smaller workspace than existing 

grounded devices, and in the latter device, the user’s hand movement is limited to in-

sertion of hand into a cylinder. 

In this study, we propose a haptic display that can present force of one degree of 

freedom and allows the user to move more freely, using a pair of widely spaced coils 

and a rotating permanent magnet. This device can present stable force sensation, be-

cause it presents physical force without rather than illusory one. 

2 Proposed Method 

The electromagnets that generate force consist of a pair of square air-core coils of ap-

proximately 200 mm, facing each other at intervals of approximately 170 mm (Fig. 1, 

left). The two coils have currents of the same intensity and opposite directions. This 

configuration is called a Maxwell coil [3, 4], and a magnetic field of linearly varying 

intensity can be generated between the coils. The user grasps a spherical neodymium 

magnet with a diameter of 20 mm, which is placed in a case and around which coils are 
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wound in three orthogonal axes (Fig. 1, right). The orientation of the spherical magnet 

can be changed by varying the current flowing through each coil.  

 

Fig. 1. The proposed device (left: the Maxwell coil, right: the grasped part) 

3 Preliminary Experiment 

When a voltage of 23.3 V was applied to each coil of the Maxwell coil while the orien-

tation of the neodymium magnet was controlled so that it was aligned with the axis of 

the Maxwell coil (i.e., the maximum force is generated), a force of 0.298 N was gener-

ated. This force is equivalent to 30.4 g, which is comparable to the illusory force per-

ceived by Traxion [5], an ungrounded haptic display based on asymmetric vibration. 

The total current consumed by the Maxwell coil was 10.2 A (238 W in power). 

 

Acknowledgements. This research was supported by JSPS KAKNEHI Grant Number 

JP21J22873. 

References 

1. Berkelman, P., Dzadovsky, M.: Extending the motion ranges of magnetic levitation for haptic 

interaction. In: World Haptics 2009 - Third Joint EuroHaptics conference and Symposium on 

Haptic Interfaces for Virtual Environment and Teleoperator Systems, pp. 517–522 (2009) 

2. Lu, X., Yan, Y., Qi, B., Qian, H., Sun, J., Quigley, A.: Contactless Haptic Display Through 

Magnetic Field Control. IEEE Trans. Haptics 15(2), 328–338 (2022) 

3. Hidalgo-Tobon, S.S.: Theory of gradient coil design methods for magnetic resonance imag-

ing. Concepts Magn. Reson. Part A Bridg. Educ. Res. 36A(4), 223–242 (2010) 

4. Ha, Y. H., Han, B. H., Lee, S. Y.: Magnetic propulsion of a magnetic device using three 

square-Helmholtz coils and a square-Maxwell coil. Med. Biol. Eng. Comput. 48(2), 139–145 

(2010) 

5. Rekimoto, J.: Traxion: A Tactile Interaction Device with Virtual Force Sensation. In: Pro-

ceedings of the 26th annual ACM symposium on User interface software and technology, pp. 

427–432 (2013) 

Direction of force


