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I. INTRODUCTION 

Magnetic couplings are used to transmit torque 

from a primary driver to a load without any 

mechanical contact. As the torque could be 

transmitted across a separation wall, magnetic 

couplings are well suited for use in isolated systems. 

Among the advantages of this type of coupling 

compared to mechanical couplings is the self-

protection against the overload (pull-out torque). 

Moreover, magnetic couplings tolerate shaft 

misalignment. As shown in Fig. 1, the studied axial 

magnetic coupling consists of two discs equipped 

with sector-shaped permanent magnets (rare-earth 

magnets) and separated by a small air-gap. The 

magnets are axially magnetized and are arranged to 

obtain alternately north and south poles. Soft-iron 

yokes are used to close the flux. Through magnetic 

interaction, the torque applied to one disc is 

transferred through an air-gap to the other disc. 

Ordinary couplings need mechanical contact 

and lubrication, resulting in dust, noise, and 

maintenance of the systems. In order to solve these 

problems, magnetic couplings are of considerable 

interest in many industrial applications because they 

can transmit torque from a primary driver to a 

follower, without mechanical contact. In particular, 

as the torque could be transmitted across a 

separation wall, axial permanent magnetic  

 

 

couplings (APMCs) are well suited for isolated 

systems such as vacuums or high-pressure vessel. 

An event such as a frequently operating overload or 

damage in the mechanical couplings may occur, 

causing parts to break and scatter. In such a 

situation, the APMCs would not create any broken 

parts, and the magnetic slip offers the torque limit 

function via prediction of the accurate torque 

characteristics. 
 

A. Geometry of the Axial Magnetic Coupling 

 
Fig. 1 Geometry of the studied axial magnetic coupling 

This two piece rare-earth permanent magnet coupling is 

for contact-free torque transmission through any 

non-ferrous wall, with the benefit of slipping when 
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the maximum torque is exceeded, 

mechanical components in the drive line from 

damage. Magnetic couplings are of great interest in 

many industrial applications. They can transmit a 

torque from a primary driver to a follower without 

mechanical contact. As the torque could be 

transmitted across a separation wall, axial field 

magnetic couplings are well suited for use in 

isolated systems such as vacuum or high pressure 

vessels. Moreover, they present a maximum 

transmissible torque (pull-out torque) giving an 

intrinsic overload protection. Axial magnetic 

couplings consist of two opposing discs equipped 

with rare earth permanent magnets.  The magnets 

are magnetized in the axial direction. They are 

arranged to obtain alternately north and south poles. 

The flux is closed by soft-iron yokes. The torque 

applied to one disc is transferred through an air

to the other disc. The angular shift between the two 

discs depends on the transmitted torque value. The 

main drawback of axial-type magnetic couplings is 

the significant value of the axial attractive force 

between the two discs. Permanent magnet couplings 

(SPMCs) are used to transmit torques between two 

rotating parts without mechanical contact. They are 

widely used in industrial applications e.g. ammonia 

pumps and centrifugal pumps for ph

and chemical industries. In particular, the coaxial 

type device is suitable for high torque demands. 

Knowledge regarding the SPMC pull-

very important because this torque acts as an 

overload protection. 

 

II. FABRICATION OF MAGNETIC

COUPLING 

A. How disc coupling works  

Disc couplings consist of opposing discs with 

powerfulrare earth magnets. The torque applied to 

one disc istransferred through an air gap to the other 

disc.Because of the simple flat design, you can have 

angularmisalignment of up to 3 or a parallel 

misalignment of upto 6mm and still transmit nearly 

full rotational torque.Easily isolate drive side 

components from clean or containedprocesses.This 

is our simplest and most versatile coupling.
 

B. Parameters of axial magnetic coupling 
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Disc couplings consist of opposing discs with 

powerfulrare earth magnets. The torque applied to 

one disc istransferred through an air gap to the other 

disc.Because of the simple flat design, you can have 

angularmisalignment of up to 3 or a parallel 

misalignment of upto 6mm and still transmit nearly 

full rotational torque.Easily isolate drive side 

components from clean or containedprocesses.This 

is our simplest and most versatile coupling. 

TABLE 1 

PARAMETERS OF AXIAL MAGNETIC

 
Symbol Specification 

R1 Inner radius of the magnet

R2 Outer radius of the magnet

Re Mean radius of the magnet

ϕ Axial angle of magnet arranged

g Air-gap length 

h Magnet thickness 

p Number of pole 

Br Remanence of permanent magnet

-- Surface gauss value 

1) Magnet material - Neodymium magnet

 

Take iron discs of diameter 75 mm, mark angle on 

same disc as it divides to four angular positions 

i.e90
0
. The neodymium magnets of cylindrical 

shape fixed by (lock-tite) industrial glue. Same 

arrangement is done to second disc. One disc of 

magnetic coupling is assembled to shaft of motor 

and second disc of coupling is arrange on adjustable 

screw by bearing. Due to that changes of air

possible. 
III. EXPERIMENTAL SET-UP AND 

MEASUREMENT 

 

 
Fig. 2 Block diagram of experimental set

A. Experimental set-up 

Fig.3 Actual experimental set
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MAGNETIC COUPLING 

Value 

Inner radius of the magnet 25 mm 

Outer radius of the magnet 75 mm 

Mean radius of the magnet 50 mm 

Axial angle of magnet arranged 900 

Variable 

10 mm 

4 

Remanence of permanent magnet 12.8 T 

4.6 kilogauss 

Neodymium magnet (NdFeB) 

Take iron discs of diameter 75 mm, mark angle on 

same disc as it divides to four angular positions 

. The neodymium magnets of cylindrical 

tite) industrial glue. Same 

angement is done to second disc. One disc of 

magnetic coupling is assembled to shaft of motor 

and second disc of coupling is arrange on adjustable 

screw by bearing. Due to that changes of air-gap is 

UP AND 

 

Fig. 2 Block diagram of experimental set-up 

 
Fig.3 Actual experimental set-up 
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Fig.3 shows the axial magnetic coupling 

placed on the test bench. The axial coupling is 

inserted between fixed rotor and electrical machine. 

In fig.3 the air-gap value is e = 20 mm. The air

length has been set by moving fixed rotor. Figs. 2 

and 3shows a photograph and a block

representation of the test bench arrangement for the 

static torque measurement respectively. The static 

torque was measured thanks to weights (10g, 20g, 

50g, 100g, 500g, 1kg) suspended to a rod (l = 0.137 

m) locked to one rotor, the other being fixed. And 

following readings are taken. 
 

B. Torque calculated as the air gap of magnetic coupling 

is changes 
TABLE.2 

EXPERIMENTAL RESULTS 

 
Sr. No. Air Gap 

(mm) 

Force 

applied F 

(N) 

Distance 

to load 

applied r 

(m) 

1 15 16.68 0.137 

2 20 7.85 0.137 

3 25 5.89 0.137 

4 30 3.92 0.137 

5 35 2.95 0.137 

6 40 1.48 0.137 

 

IV. GRAPH 

 

A. Comparison between air-gap and axial force

 

 
Graph 1 – Air-gap vs Axial force applied

 

B. Comparison between Air-gap and pull-out torque
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Fig.3 shows the axial magnetic coupling 

placed on the test bench. The axial coupling is 

inserted between fixed rotor and electrical machine. 

= 20 mm. The air-gap 

length has been set by moving fixed rotor. Figs. 2 

a photograph and a block-scheme 

representation of the test bench arrangement for the 

static torque measurement respectively. The static 

torque was measured thanks to weights (10g, 20g, 

50g, 100g, 500g, 1kg) suspended to a rod (l = 0.137 

tor, the other being fixed. And 

Torque calculated as the air gap of magnetic coupling 

 

Torque 

F*r(Nm) 
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0.81 

0.54 

0.40 

0.21 

gap and axial force 

gap vs Axial force applied 

out torque 

 
Graph 2  – Air-gap vs Pull-out torque

 

V. CONCLUSION 
From the experimental analysis it observed 

that there is a torque variation obtained as the 

changes of air-gap. As the air-gap is changed from 

minimum to maximum value there is a decr

torque as well as force applied. 

of the magnetic coupling decreases quickly as the 

distance between the magnets increases. The 

maximum torque is almost divided by two when the 

air-gap is increased from 2mm to 7mm. In the same 

way, the maximal axial force is reduced when the 

air-gap length increases. The optimal number of 

pole pairs is p = 4 if we consider an air

= 15mm. We can observe that the maximum axial 

force decreases when the number of pole pairs 

increases.Also it observed that if the magnetic poles 

are increased the results obtained are different.

The results and observation shows that the drive is 

positively maintained as any change of air gap 

length is changed. 

 

 

 

ACKNOWLEDGMENT 

 
I offer my gratitude and it i

acknowledge indebtedness to my estimated guide 

Dr. K.B.Waghuldeand Co-ordinatorDr. M.M.Patil.

It is stern guidance and grandeur of him which has 

brought this work in a proper channel. This 

guidance not only helps me to collect the 

knowledge but also to gain the confidence which 

would help me in future. My association with him 

as a student has been extreme pleasing.I pay my 

sincere thanks to Prof. D. A. Warke, HOD of 

2.29

1.08
0.81

0.54

15 20 25 30

P
u

ll
-o

u
t 

to
rq

u
e

 (
N

m
m

)

Air-gap length (mm)

1.48

40

- Feb 2016 

Page 23 

 

out torque 

From the experimental analysis it observed 

that there is a torque variation obtained as the 
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y, the maximal axial force is reduced when the 

The optimal number of 

= 4 if we consider an air-gap length e 

= 15mm. We can observe that the maximum axial 

force decreases when the number of pole pairs 

it observed that if the magnetic poles 

are increased the results obtained are different. 

The results and observation shows that the drive is 

positively maintained as any change of air gap 

I offer my gratitude and it is my privilege to 

acknowledge indebtedness to my estimated guide 

ordinatorDr. M.M.Patil. 

It is stern guidance and grandeur of him which has 

brought this work in a proper channel. This 

guidance not only helps me to collect the 

ge but also to gain the confidence which 

would help me in future. My association with him 

as a student has been extreme pleasing.I pay my 

sincere thanks to Prof. D. A. Warke, HOD of 

0.4
0.2

35 40

gap length (mm)



International Journal of Engineering and Techniques - Volume 2 Issue 1, Jan - Feb 2016 

ISSN: 2395-1303                                               http://www.ijetjournal.org Page 24 

 

 

Mechanical Engineering Department. I would also 

like to thank Principal Dr. Bimlesh Kumarsir for his 

encouragement and valuable suggestions.Finally 

heartfelt appreciation to the all those who directly 

and indirectly helped me in completion of this 

experiment. 

 

REFERENCES 

 

1. Hyeon-Jae Shin, Jang-Young Choi  Seok-

Myeong Jang , and Kwang-Youn Lim,”Design 

and Analysis of Axial Permanent Magnet 

Couplings Based on 3-D FEM”, Department of 

Electrical Engineering, Chungnam National 

University, Daejeon, IEEE Transactions on 

Energy Conversion 7, July 2013. 

 

2. Thierry Lubin, Smail Mezani, and Abderrezak 

Rezzoug,”Simple Analytical Expressions for 

the Force and Torque of Axial Magnetic 

Couplings”, IEEE Transactions on Energy 

Conversion 2012. 

 

 

3. Thierry Lubin, Smail Mezani, and Abderrezak 

Rezzoug,”Experimental and Theoretical 

Analysis of Axial Magnetic Coupling under 

Steady-State and Transient Operation”,IEEE 

Transactions on Industrial Electronics 2013. 

 

4. Jang-Young Choi , Hyeon-Jae Shin , Seok-

Myeong Jang ,and Sung-Ho Lee,”Torque 

Analysis and Measurements of Cylindrical Air-

Gap Synchronous Permanent Magnet 

Couplings Based on Analytical Magnetic Field 

Calculations”,IEEE Transactions On 

Magnetics, Vol. 49, No. 7, July 2013. 

 

 

5. Thierry Lubin, and Abderrezak 

Rezzoug,”Steady-State and Transient 

Performance of Axial-Field Eddy-Current 

Coupling”,IEEE Transactions on Industrial 

Electronics 2014. 


