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Abstract— Contactless mechanical components are 

mechanical sets for conversion of torque/speed, whose gears 

and moving parts do not touch each other, but rather they 

provide movement with magnets and magnetic materials that 

exert force from a certain distance. Magneto-mechanical 

transmission devices have several advantages over 

conventional mechanisms: no friction between rotatory 

elements (no power losses or heat generation by friction so 

increase of efficiency), no lubrication is needed (oil-free 

mechanisms and no lubrication auxiliary systems), reduced 

maintenance (no lubricant so no need of oil replacements), 

wider operational temperature ranges (no lubricant 

evaporation or freezing), overload protection (if overload 

occurs magnet simply slides but no teeth brake), through-wall 

connection (decoupling of thermal and electrical paths and 

environmental isolation), larger operative speeds (more 

efficient operative conditions), ultralow noise and vibrations 

(no contact no noise generation). All these advantages permit 

us to foresee in the long term several common industrial 

applications in which including contactless technology would 

mean a significant breakthrough for their performance. In this 

work, we present three configurations of contactless 

mechanical passive components: magnetic gears, magnetic 

torque limiters and superconducting magnetic bearings. We 

summarize the main characteristic and range of applications 

for each type; we show experimental results of the most 

recent developments showing their performance.  
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I. INTRODUCTION 

Battery technologies and the high cost of fuel cells, hybrid 

electric vehicles (HEVs) have been considered as the best 

choice to bridge the current situations and the demands for 

clean and energy-efficient transportation. According to the 

types of the power-train, HEVs can be generally classified as 

series HEVs, parallel HEVs and power-split HEVs, in which 

the power-split HEVs combine the benefits of both the 

parallel types and the series types, hence the merits of ultra-

low emissions and high fuel economy [1]. The electronic-

continuously variable transmission (E-CVT) system is ne of 

the core components for the power-split HEVs [2]. It was 

firstly adopted by Toyota Prius in 1997 [3]. Then, several 

derivatives such as the GM-Allison compound E-CVT, the 

Timken compound split E-CVT and the Renault compound 

split E-CVT were introduced [4].  

Figure 1 depicts the basic architecture of the Toyota 

Prius E-CVT system. It mainly consists of a planetary gear 

set (including a sun gear, a planet carrier which holds several 

planet gears meshed with the sun gear, and a ring gear with 

inward-facing teeth that mesh with the planet gears), two 

electric motor/generators (M/Gs) and two power electronic 

inverters. The engine shaft is connected to the planet carrier, 

and the rotor shafts of the two M/Gs are attached to the sun 

gear and the ring gear, respectively. The ring gear is 

connected to the ¯nal driveline through a silent chain and a 

counter gear to drive the wheels. By controlling the switching 

modes of the inverters, multiple power ows among the 

engine, the M/Gs and the battery can be achieved. Thus, the 

E-CVT system can seamlessly match the vehicle road load to 

the engine optimal operating region. However, the reliance 

on mechanical gears (including the planetary gear set and the 

Figure 1. Toyota Prius E-CVT system. counter gear) 

and the silent chain inevitably causes the drawbacks of 

transmission loss, gear noise and regular lubrication. 

In order to get rid of the shortcomings arising form 

the contact mechanisms, the combination of two 

concentrically arranged machines were proposed to realize 

power splitting and mixing for HEVs [5, 6]. 

Unfortunately, slip rings and carbon brushes have to 

be equipped to inject/withdraw currents into/from the rotating 

armature windings. With no doubt, this will degrade the 

reliability of the whole system. Recently, a high performance 

coaxial magnetic gear (CMG) has been proposed [7, 8]. It can 

provide non-contact torque transmission and speed variation 

using the modulation ect of permanent magnet (PM) elds. 

Since all the PMs are involved to transmit torque, the CMG 

can the torque density as high as its mechanical counterpart. 

Thus, it has promising industrial applications, such as EV 

drives [9] and wind power generation [10]. 

The purpose of this paper is to develop a new E-CVT 

system in which the CMG is adopted to supersede the 

mechanical planetary gear set. By integrating the two PM 

M/Gs together with the CMG, the one-side-in and one-side-

out mechanical structure can be achieved so as to eliminate 

the silent chain and the counter gear employed in the 

traditional E-CVT system. Thus, the aforementioned 

drawbacks aroused by the mechanical planetary gear set can 

be overcome. 

Moreover, due to the high torque density of PM 

machines and the high extent of integration, the proposed E-

CVT system possesses the merits of small size and light 

weight, which are vitally important for extending the full-

electric drive range of HEVs. In Section 2, the system 

conguration and the operating principle will be introduced. 

Sections 3 and 4 will be devoted to the design of the 

integrated machine and its ¯nite element analysis [11{14]. 

Finally, conclusion will be drawn in Section 5. 

 
Fig. 1: E-CVT system 
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II. LITERATURE REVIEW 

Jose Luis Perez-Diaz :-has been the project coordinator all the 

works related to the contactless components inside two FP7 

projects MAGDRIVE and MAGBOX, additionally he has 

colaborated with MAG SOAR developing the high torque 

magnetic gears. Efren Diez-Jimenez has been the technical 

work coordinator of all the developments. Ignacio Valiente-

Blanco has been responsable of the SMB developments and 

the high torque density magdrive optimization, Cristian 

Cristache was responsible of the mechanical and thermal 

design and he has also performed most of the tests, Marco-

Antonio Alvarez-Valenzuela has been the responsible of 

manufacturing of the prototypes and Juan Sanchez-Garcia-

Casarrubios has been in charge of all the electronic and 

auxiliary systems needed for testing the prototypes. 

PushmanTlaliRong-Jie Wang:-In this paper, the 

historic and current development of magnetic gear 

technologies have been discussed with a specific focus on the 

concentric-type MG. The distinct merits of magnetic gear 

technology are explored together with the challenges 

associated with this technology .MGs potentially have high 

efficiency and reliability due to their contact-less operation, 

intrinsic overload protection and little to no maintenance. 

Magnetically geared machines have emerged as a new class 

of electrical machine with high torque density. Several 

topologies have been proposed and further research is needed 

to ascertain their merits. 

Chunhua Liu * and K. T. Chau `In this paper, a new 

type of EC-MVSG machine is presented, which possesses 

electrically controllable gear ratios for automobile driving. 

First, the machine structure, design principle, and operation 

principle are discussed and analyzed in detail. The idea is to 

change the magnetization of the AlNi Co PM to achieve 

different rotor pole-pair numbers of the machine. Meanwhile, 

the machine design adopts the magnetic gearing effect. Thus, 

the proposed machine not only offers a gearing mechanism 

for torque and speed transmission, but also provides variable 

gear ratios for torque and speed variations. Namely, the ratio 

of the outer-rotor speed to the inner-rotor speed has three 

values: Gr1 = 1, Gr2 = −2 and Gr3 = −1/2, which means that 

the machine has three operation cases. In this way, the 

machine is highly promising for automotive applications. The 

results demonstrate the effectiveness of the proposed machine 

design. 

Martin Vincent Vishnu M Nair Magnetic gears 

afford the opportunity to provide speed and torque 

multiplication similar to a traditional geared gearbox or 

transmission, but by using magnetic attraction between 

rotating members rather than actual physical contact, as 

between gear teeth. It may be possible to greatly reduce, or 

potentially eliminate, lubrication requirements, compared to 

existing traditional gearboxes. 

A magnetic gear based gearbox for winch 

applications could increase reliability and mission 

availability by reducing or perhaps eliminating wear-related 

gearbox failures attributable to traditional tooth-to-tooth 

contact. 

 

 

 

Atallah&Howe :- proposed a high-performance MG 

named as the coaxial magnetic gear (CMG), whose principle 

of operation was based on the modulation of the magnetic 

fields produced by two PM rotors via the ferromagnetic pole-

pieces. Unlike the converted MGs, the CMG has a higher 

torque density, because all the PMs simultaneously contribute 

to torque transmission. Based on the field modulation 

principle, many improved CMG topologies are proposed to 

further obtain a better performance. In view of the coaxial 

structure, the CMG can be artfully integrated with a high 

speed outer-rotor PM brushless machine to constitute a 

composite electrical machine named as the magnetic-geared 

permanent-magnet (MGPM) machine, which can achieve 

low-speed high-torque driving while providing high torque 

density.  An analysis has been done by X. Li, 

K.T. Chau, M. Cheng and W. Hua:-This paper deals 

with the comparison between magnetic gears and the 

mechanical gears.And another study done by K. T. Chau1, 

Dong Zhang, J. Z. Jiang, Chunhua Liu1, and Yuejin Zhang 

[2] and it deals with novel in-wheel motor, which artfully 

integrates a magnetic gear into a permanent-magnet brushless 

(PMBL) DC motor so that they can share a common PM 

rotor, hence offering both high efficiency and high power 

density. Moreover, the low-speed requirement for direct 

driving and the high-speed requirement for compact motor 

design can be achieved simultaneously. 

III. METHODOLOGY 

Magnetic gearing system, contains two steel rings of 

permanent magnets with steel pole pieces placed between 

them. This steel pieces works same as flux passage of each 

permanent magnetic rings. So it having the influence of 

producing harmonic motions in the orbit which is created by 

each magnetic rings. It is very careful assortment of pole 

numbers so it can coupled with the harmonic arena and that‘s 

why it produces gear ratio. The behavior of the gears is 

accurately similar as a mechanical epicyclic gearbox. In this 

one element of the gear is keep still the another two gears will 

rotate. Normally in these type of gear applications we grip the 

magnetic outer ring still. 

The working is adequately simple with the magnetic 

poles "extract" the poles existing in another rotor. Each rotor 

is formed of permanent magnets with an outspread fields. The 

shaft which is gyrate slowly and provide much higher torque 

has a more number of poles- in outer rotor. Mostly the pole 

pieces of magnetic rings are stationary. A very general term 

used in the nomenclature of general magnetic gears is the gear 

ratio. In such cases of magnetic gears, the gear ratio is 

followed as, 

1) Survey of problem 

2) Identification of problem 

3) Find a best solution on this problem 

4) Material selection as per properties 

5) Design a system 

6) Manufacturing 

7) Assembly 

8) Testing 
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IV. COMPONENT 

Neodymium Magnets:- Figure 1 shows Cubic shaped 

Neodymium magnets. Neodymium magnets are a member of 

the Rare Earth magnet family and are the most powerful 

permanent magnets in the world. They are also referred to as 

NdFeB magnets, or NIB, because they are composed mainly 

of Neodymium (Nd), Iron (Fe) and Boron (B). Neodymium 

magnets are over 10x stronger than the strongest ceramic 

magnets. Here we are using N52 grade high strength cubical 

shaped Neodymium magnets of size 30mm*20mm*10mm 

 
Gear Blank: The gear blank is made of hylam sheets. 

There are six gear blanks two having a diameter of 8 cm, two 

of 20 cm and a pair of 18 cm and 10 cm. The different 

diameters are chosen to obtain different gear ratios 

peripherally. The different gear ratios demonstrated are 

5:4(20cm to 8cm dia), 9:5(18cm to 10cm dia) and 4:5(8cm to 

20cm dia). The gear blanks have thickness of 30 mm.  Slits 

of depth 10 mm are provided on each blank in order to place 

the permanent magnets. The magnets are fixed on each slit 

with the help of an adhesive. The distance between the central 

axis of two magnets was decided to be 37mm through 

experimentation to avoid slip and to get maximum output. 

The gap between two gear blanks was decided as 3mm for 

better results through experimentation 

Shaft: Two mild steel shafts of length 60cm and 

diameter varying from 24mm to 17mm as per shaft design. 

Both of the shafts are supported by two roller bearings of 

inner diameter 17mm and 24mm and outer diameter of 35mm 

and 42mm respectively. The centre to centre distance 

between two shafts is 143mm. The prime mover is connected 

to the upper shaft with the help of a coupling. The upper shaft 

being the input shaft the gear blanks are kept fixed by 

providing keys. The lower shaft being the output shaft the 

gear blanks are movable to show variable gear ratios. Metal 

bushes are used to fix the gear blanks at required positions on 

the lower shaft. 

Base: Base consists of two upper and lower 

compressed wood supports for the stability of the prototype. 

Two vertical post of compressed wood itself are provided to 

place the two mild steel shafts. On the left post two bearing 

seats of inner diameter 42mm and outer diameter of 52mm 

are there at a distance of 143mm for placing the 24mm 

bearings.  On the right post two bearing seats of inner 

diameter of 35mm and outer diameter of 45mm at a distance 

of 143mm are there for placing the 17mm bearings. The 

prime mover used is an AC single phase induction motor of 

1440rpm capable of producing 0.5 HP. In order to obtain the 

desired rpms from the prime mover it’s connected to an auto 

transformer of 10 A. 

V. ADVANTAGES 

1) Key drivers: reduce weight + increase reliability 

2) Non-contact gearbox or integrated gearbox / generator 

3) Reduce direct drive diameter 

4) Commercial power utility back up 

5) Automotive regenerative braking systems 

6) Easy movements arms for other parts 

7) Less constraints in motion 

8) Reliability 

9) Reduces size / output required by hydraulics 

10) The absence of maintenance 

VI. DISADVANTAGES 

1) Initial cost is high 

2) High power magnets required 

3) Regular checking required 

VII. APPLICATIONS 

1) Gear box of two-wheeler &four wheeler 

2) Gear box of lathe machine 

3) Sugarcane crushing machine 

4) Industrial gear drives 

5) Turbine Generator 

6) Energy Storage Flywheel 

7) Gearing For Drilling Motor 

8) Robotics 

9) Aerospace 

REFERENCE 

[1] C. G. Armstrong, “Power transmitting device,” US Pat. 

687292, 1901. 

[2] H. T. Faus, “Magnet gearing,” US Pat. 2243555, 1941. 

[3] S. Rand, “Magnetic transmission system,” US Pat. 

3523204, 1970. 

[4] M. Hetzel, “Low friction miniature gear drive for 

transmitting small forces, and method of making same,” 

US Pat. 3792578, 1974. 

[5] K. Ikuta et al., “Non-contact magnetic gear for micro 

transmission mechanism,” in Micro Electro Mechanical 

Systems, Proc. An Investigation of Micro Structures, 

Sensors, Actuators, Machines & Robots. IEEE, 1991, pp. 

125–130. 

[6] Y. Yao et al., “Magnetic coupling studies between radial 

magnetic gears,” IEEE T-MAG, 33(5):4236-4238, 1997. 

[7] ——, “Simulation study of the magnetic coupling 

between radial magnetic gears,” IEEE T-MAG, 

33(2):2203-2206, 1997. 

[8] E. Furlani, “A two-dimensional analysis for the coupling 

of magnetic gears,” IEEE T-MAG, 33(3):2317-2321, 

1997. 



A Review Paper on Magnetic Power Transmission System 

 (IJSRD/Vol. 6/Issue 02/2018/108) 

 

 All rights reserved by www.ijsrd.com 384 

[9] S. Kikuchi, K. Tsurumoto, “Design and characteristics of 

a new magnetic worm gear using permanent magnet,” 

IEEE T-MAG, 29(6):29232925, 1993. 

[10] ——, “Trial construction of a new magnetic skew gear 

using permanent magnet,” IEEE T-MAG, 30(6):4767-

4769, 1994. 

[11] J. P. Yonnet, “A new type of permanent magnet 

coupling,” IEEE TMAG, 17(6):2991-2993, 1981. 

[12] R. Hornreich, S. Shtrikman, “Optimal design of 

synchronous torque couplers,” IEEE T-MAG, 

14(5):800-802, 1978. 

[13] T. B. Martin, “Magnetic transmission,” US Pat. 

3378710, 1968. 

[14] N. Laing, “Magnetic transmission,” US Pat. 3645650, 

1972. 

[15] ——, “Centrifugal pump with magnetic drive,” US Pat. 

3762839, 1973. 

[16] B. Ackermann, L. Honds, “Magnetic drive arrangement 

comprising a plurality of magnetically cooperating parts 

which are movable relative to one another,” US Pat. 

5633555, 1997. 

[17] B. Ackermann, “Magnetic drive arrangement,” US Pat. 

5994809, 1999. 

[18] K. Atallah, D. Howe, “A novel high-performance 

magnetic gear,” IEEE T-MAG, 37(4):2844-2846, 2001. 

[19] K. Atallah et al., “Design, analysis and realisation of a 

highperformance magnetic gear,” IEE Proc. Electr. 

Power Appl., 151(2):135-143, 2004. 

[20] G. Schuesler, J. Lindner, “Eccentric drive having 

magnetic torque transmission,” DE Pat. 19944428441, 

1995. 

[21] J. Rens et al., “A novel magnetic harmonic gear,” in 

IEEE Int. Electric Machines Drives Conf. (IEMDC), 

1:pp.698-703, 2007. 

[22] ——, “Design, analysis and realization of a novel 

magnetic harmonic gear,” in Int. Conf. on Electr. 

Machines (ICEM), pp.1-4, 2008. 

[23] ——, “A novel magnetic harmonic gear,” IEEE T-IA., 

46(1):206-212, 2010. 

[24] F. Jorgensen et al., “The cycloid permanent magnetic 

gear,” IEEE T-IA., 44(6):1659-1665, 2008. 

[25] C. Huang et al., “Development of new magnetic 

planetary gears for transmission systems,” in IEEE Int. 

Conf. on Magn. (INTERMAG), pp.225-225, 2006. 

[26] C.-C. Huang et al., “Development of a magnetic 

planetary gearbox,” IEEE T-MAG, 44(3):403-412, 2008. 

[27] M.-C. Tsai, C.-C. Huang, “Development of a variable-

inertia device with a magnetic planetary gearbox,” 

IEEE/ASME Trans. Mech., 16(6):1120-1128, 2011. 

[28] F. Kong et al., “Optimizing design of magnetic planetary 

gearbox for reduction of cogging torque,” in IEEE 

Vehicle Power & Prop. Conf. (VPPC), pp.1-5, 2013 


