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Abstract: - This paper presents the designing and analysis of an Electromagnetic Clutch. Engagement and disengagement of clutch
is operated electrically but the torque is transmitted mechanically. It overcomes the problem of higher response time of mechanical
clutches. In this paper we have discussed, in detail, various steps we followed to design an electromagnetic clutch -calculations,
CAD, and analysis of parts of electromagnetic clutch. Static analysis is done on designed parts to ensure the safe operation of
clutch and also fatigue analysis is done for estimating life of components. This paper also demonstrates about Magneto-static

Analysis to know about Electromagnet characteristics like Magnetic Flux density and Force density.
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I. INTRODUCTION

Electromagnetic clutches are one of the most recent types. It
is electrically incorporated and dissolved, but the mechanical
transmission is mechanically. It is for the same reason that
they are also called electro-mechanical clutches. Engagement
and dissolution do not occur by mechanical linkage, as in the
case of conventional mechanical linkage, but by the principle
of electromagnetic induction. This type of clutch operates
smoothly and rapidly as soon as the mechanical linkage is
removed. For that reason, they are best suited for remote
services. However, the activation energy is dissolved in the
engagement coil as heat energy and thus there is a risk of
overgrowth. Thus, the maximum operating temperature of the
clutch is limited by the insulation of the coil.

Il. LITERATURE REVIEW

Kakinuma (2005): He presented a detailed outline of the
various parts and their construction, which needed to be
assembled into an electromagnetic clutch.

Martin Steinberg (2008): In his paper he gave us an estimate
of the air gap between an electromagnet and an armature that
allows the clutch disc to be compressed.

C. H. Piao, Z. Y. Huang, J. Wang, and C. D. Cho (2010): It
was stated that through proper optimization of the armature's
shape, the static torque of Electromagnetic clutch can be
improved.

E. Humphrey (2016): He studied and found that the
coefficient of kinetic friction for the clutch friction lining
material that is in contact with rough surface of pressure plate

decreases with increasing slip speed and rising contact
temperature.

Francesco Bucchiet (2016): He found out that there is a loss
of transmitted torque with increasing temperature.

Naila Mikhail-Boules (2017): In this paper he stated that the
torque that is transmitted by the Electromagnetic clutch is
dependent on the clutch geometry and coil current and is
independent of the shaft speed.

I1l. COMPONENTS

The major components of the Electromagnetic Clutch are:
1. Stator

2. Rotor

3. Armature

4. Friction Lining

5. Spring Plate

6. Flange

7. Coil

Apart from these parts, several other parts such as rivets,
circlip, ball-bearings, etc. are also used for different functions
of the Clutch.

IV. MATERIAL SELECTION

The next step was to select the materials. The challenge was
to decide the material of Friction Lining and Armature. So,
decision matrices were created for the same.

Table 1 is the decision matrix to select the material of Friction
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Lining while Table.2. is the decision matrix to select the
material of Armature:

Table.1. Decision Matrix for material of Friction Lining

Properties W.F. | Asbestos ;l\gt;]éstos
Coefficient of Friction 1 0 1
Strength 1 1 1
Health hazardous 2 0 2
Temperature resistance 1 1 0
Total 2 4
Table.2. Decision Matrix for material of Armature
Properties W.F. | Mild Steel Alloy Steel
Hysteresis Loss 1 0 1
Cost 1 1 0
Availability 1 1 0
Total 2 1

Based on the decision matrices and considering several other
factors the material for rotor, stator, armature and flange was
selected to be Mild Steel while the material for friction lining
was selected to be Non-Asbestos.

V. CALCULATIONS

The prime mover is being assumed to be a 10 HP Engine that
produces a maximum torque of 20 N-m at 2600 RPM. Then,

Data known:
Torque to be transmitted (M) = 20 N-m
Power of Prime Mover (P) = 7460 W

Co-efficient of friction between Armature and Friction Lining
(W =02

Permissible intensity of pressure of Friction Lining (Pa) = 0.7
N/mm?

Data Assumed:
Inner Diameter of Friction Lining (do) = 50 mm
1. Calculation of Outer Diameter of Friction Lining:

Let D, be the Outer Diameter of the Friction Lining. We
know,

TPPgdo (Dg - dtz))
8

8M,
D, - o7t
TTUPgdo

Mt:

Substituting the values, we get, Do ~ 100 mm

2. Calculation of Normal Force required to transmit Torque:

Let P, be the Normal Force required. We know,

Pnp(Dp +d
Mt:un(i 0)

4My

Ph=——
" w(Do + do)

Substituting the values, we get, P, = 2666.67 N

3. Calculation of Number of turns for Electromagnet:

Data known:
Current () =1.2 A

Area of Friction Lining (a) = 4.71 x 103 m?
Permeability of free space (lo) = 4n x 107 Wh/A-m

Air Gap (6) =0.2 mm
Let number of turns = N

We know,
_ Hoa(N x1)?
Pn= 262

N = 2P, 62
12ppa

Substituting the values, we get, N = 1200 turns

V1.

CAD

Based on the data collected after calculations, the CAD

models of the parts were designed in Solidworks 2019.

They are shown below:
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(b)

Fig. 1 (a) Isometric View of Stator (b) Side View of Stator

(a)
Fig. 5 (a) Isometric View of Flange (b) Front View of Flange

Fig.1. Shows the Isometric view and Side view of the Stator. Fig.5. Shows the Isometric view and Side view of the Flange.

VII. FEA

Once the CAD was completed, the models were analyzed
against the forces calculated earlier in HYPERMESH 14.0.
The results are shown below:

A. Stator

Fig. 6 shows the stress in the total Stator and Fig. 7 shows the
total displacement of the Stator.

Contour Plot
Element Stresses (20
(a) (b) Analysis system

1.732E+02

Fig. 2 (a) Isometric View of Rotor (b) Side View of Rotor 1.539E+02

=——1.347E+02

Fig.2. shows the Isometric view and Side view of the Rotor. | B

= 7697E+01

T5773E+01
3.849E+01
1.924E+01
0.000E+00

Max = 1.732E+02
3D 3383

e
Fig.6. Total Stress in Stator

Contour Plot
Displacement(Mag)
Analysis system
@ ® 1.196€-01
1.063€-01
Fig. 3 (a) Isometric View of Armature (b) Front View of Armature =9 300E-02
—7.972E-02

Fig.3. shows the Isometric view and Front view of the Armature. | Brsoprh

£ 3.986E-02
2657E-02
1.329E-02

0.000E+00

Max = 1.196E-01
GridsA415

Min =40.000€ +00
fi3d 208

Fig.7. Total Displacement in Stator

As seen from Fig. 6, the maximum stress acting on Stator was
found to be 34.5 MPa, and as seen from Fig.7, the maximum
displacement is 0.01 mm.

(a) (b)

Fig. 4 (a) Isometric View of Friction Lining  (b) Front View of Friction

Lining B. Rotor
Fig. 8 shows the total stress in the Rotor and Fig. 9 shows the
Fig.4. Shows the Isometric view and Front view of the Friction total displacement of the Rotor.
Lining.
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Contour Plot
Stress(vonMises)
Analysis system
Maximum Average
3.453E+01
3.070E+01
=—2687E+01
—2.305E401
= 1.922E+01
=—1.540E+01
= 1.157E+01
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3917E+00
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Max = 3.453E+01
Node 3570

in 59 436E.02
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Fig.8. Total Stress in Rotor

Contour Plot
Displacement(Mag)
Analysis system
1.544E°02
':1 372E02
=—1.201E-02
—1.02E-02
7—8.578E-03
—6.862E-03
5147603

3431E03
1.716E-03
0.000E+00

Max = 1.544E-02
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Fig.9. Total Deformation in Rotor

As seen from Fig. 8, the maximum stress acting on Rotor was
found to be 173 MPa, and as seen from Fig.9, the maximum
displacement is 0.12 mm.

C. Armature

Fig. 10 shows the total stress in the Rotor and Fig. 11 shows
the total displacement of the Armature.

Contour Piot
Element Stresses (20 & 3D)ivonMises)
Analysis system
7.208€+01
6.408E+01
=—5.607E+01
——4.808E+01
T 4.006E+01
£-3.2056+01
5 2405€+01

1.604E+01

8.034E+00

2767602
Max = 7.208E+01

30 278
Win= 3F67€-02
3021648

Fig.10. Total Stress in Armature

Contour Plot
Digplacement(Mag)
Analysis system
1.657€-02
1473802
= 1.2896-02
—1.105€-02
= 9.207€-03
£7.3656-03
5 5514E03

3683€-03

1841E-03

0.000E+00
Max = 1 657€-02
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#in= ¢B00E+00 3
GrigsA24

Fig.11. Total Deformation in Armature
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As seen from Fig. 10, the maximum stress acting on Armature
was found to be 72.08 MPa, and as seen from Fig.9, the
maximum displacement is 0.016 mm.

D. Flange

Fig. 12 shows the total stress in the Flange and Fig. 13 shows
the total displacement of the Flange.

Contour Plot
Element Stresses (20 & 3D)(vonMises)
Analysis system
9.665€+01
8.592€+01
=7.519+01
—5.445E+01
=—5.372E+01
=—4.298€+01
£3.2256+01

21526401

1.078€+01

4.812€-02
Max = 9 665E+01
3({\23402

Mif'=4.812E-02
39 21458

Fig.12. Total Stress in Flange

Contour Plot
Displacement(Mag)
Analysis system
3.001e-02
[2 668E-02
S—2334€-02
——2.001E-02
T 1.667E-02
T 1.334€-02
& 1.000€-02
6.669€-03
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0.000E+00
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Fig.13. Total Deformation in Flange

As seen from Fig. 12, the maximum stress acting on Flange
was found to be 96.65 MPa, and as seen from Fig.13, the
maximum displacement is 0.03 mm.

E. Fatigue Analysis

Fig. 14 shows the Fatigue Analysis of the Stator and Fig. 15
shows the Fatigue Analysis of the Armature.

Contour Plot
LifeQ)
1.000E+20
E1 .000E+20
1.000E+20
—1.000E+20
T—1.000E+20
=—1.000E+20

1.000E+20
1.000E+20
1.000E+20
1.000E+20

Max = 1.000E+2(
3D 23627

Min 3 1.080E+20
3D 21?677

Fig.14. Fatigue Analysis of Stator
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Contour Plot
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Fig.15. Fatigue Analysis of Armature

As seen from Fig. 14 and Fig. 15, both the Stator and the
Armature has an Infinite Life.

VIIl. ELECTROMAGNETIC CLUTCH ASSEMBLY

Once the analysis of the individual parts was complete, they
were then assembled together in Solidworks 2019. This was
done to identify any compatibility issues that may have arose
later. All the fasteners used and key-slots designed were done
keeping in mind the Industry Standards.

Circlip——_
AN

\— Bearing

Rivet—/

Fig. 16. Exploded View of the Clutch Assembly

IX. MAGNETO-STATIC ANALYSIS

A. Introduction

Magneto-statics is a subfield of the study of electromagnetism
that deals with continuous magnetic fields.

In magneto-static analysis, Gauss's law for magnetism, that is,
the deviation of the magnetic flux density is zero, and
Ampere's law, that is, the curl of the magnetic field is equal to
the constant electric current density, called the magnetic field
and its calculation goes. Relative quantities due to electric
current and permanent magnets. The Magneto-static analysis
was performed on EMS 2020.

B. Procedure

The Magneto-static Analysis was performed on EMS 2020 by
EMWorks. The steps followed to perform the analysis is
shown in Fig. 17 below:

( Selecting Appropriate Analysis Properties J

\a

[ Applying material to all bodies j

(5

[ Defining boundary conditions ]

-

( Meshing the entire model ]

pe

[ Solving the model and obtaining results ]

Fig. 17. Steps followed for the Magneto-static Analysis
Selecting Analysis Properties:

EMS 2020 provides a bunch of coupling analysis such as
structural couplings, thermal couplings, etc. Selecting
coupling allows the data to be computed but in turn it demands
higher computation power and computing time.

Consequently, only relevant couplings had to be selected. As
we only needed magneto-static results, there were no
couplings we selected.

Applying Materials:

Appropriate materials were applied to all the parts of the
Electromagnetic Clutch.

Nbr. Part Name Material Name | Permeability Type

1 AIR 1-1-Body 1 (Boss-Extrudel) A Isotropic
AIR 2-1-Body 1 (Boss-Extrudel) A Isotropic
Ammarure-1-Body 1 (CSK for M5 Flat Head Machune Screwl) | Mald Stee! Isotropic

4 Conl-1-Body 1 (Falletl) Copper Isotropic

5 Flange-1-Body 1 (Cut-Extrude3) Mild Steef Isotropic

6 Friction Lining-1-Body 1 (Fillet1) Non - Asbestos | Anisotropic

7 heavy duty external retaumng ring_am-1-Body 1 (Body) Mild Steel Isotropsc

8 radial ball bearing_68_skf-1-Body 1 (OuterRace) AISI 4140 Isotropic

9 Ruvet-2-Body 1 (Revolve2) AISI 1010 Stweel | Isotropsc

10 |Rivet3-Body 1 (Revolve2) AISI 1010 Steel | Tsotropic
AISI 1010 Steel | Isotropic
AISL 1010 Stce] | Isotropic
AISL1010 Steel | Isotropic
AISI 1010 Stee] Tsotropic
15 | Rotor-1-Body 1 (Cut-Extrude2) Mild Steel Isotropic
16 Sprng-1-Body 1 (Boss-Extrudel) AISL10]8 Stec] Isotropic
17 | Stator-1-Body 1 (Fillet3) Mild Steel Isotropic

1 Ruver-4-Body 1 (Revolve2)
12 Ruvet-5-Body 1 (Revolve2)
13 Rivet-6-Body 1 (Revolve2)
14 Rivet-7-Body 1 (Revolve2)

Fig. 18. Material applied to the various parts
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Boundary Conditions:

Boundary conditions are the most important aspect of any
type of analysis. The following boundary conditions were
defined for the analysis:

*  Coil Properties: The properties of the wound coil were
defined in this step. The wire was selected to be 22 AMG.
Number of turns were taken to be 1200 and current to be
1.2 Amps.

« Direction of Current: In this step, the direction of
Current-In and Current-Out of the coil was defined. The
Current-In and Current-Out direction were taken to be
same. Fig. 19 shows the direction of the Current with
respect to the Rotor.

Fig. 19 Direction of Current-In and Current-Out

*  Measurement of Force: In this step, the body on which
the Lorentz Force was to be measured was defined.
Armature was selected for this purpose. Fig. 20 shows the
selection of the Armature.

Fig. 20. Measurement of Lorentz Force
Meshing:
The most important part of meshing in EM solver is the

meshing of the air gap. Air gaps are an integral part of
electrical machines.

To facilitate the proper mesh of air gaps in EMS, we
constructed a separate part or body for the air gaps. Then, we
implemented a tight lattice control on the air gap portion,
whose size was kept smaller than the surrounding air mesh

size, where the lattice is usually thicker. This process is most
recommended because it allows us to densely mesh around
the interior air areas, where the area is important and roughly
trap in the outer air areas where the area is usually small and
decaying.

Following this step, we easily reduced the air gap and
achieved a good accuracy without creating a large number of
mesh elements, thus reducing the solver time. This ensured
capture of field variation in the respective regions without
creating a large number of elements. The mesh was manually
adjusted using the EMS trap tool. Furthermore, we used the
appropriate convergence criterion to obtain reasonable
variance of the lattice size in the entire model.

Fig. 21. Mesh View of the Assembly

Results:

Once all the parameters and the boundary conditions were set,
the simulation was run and the following results were
obtained:

Model Nume: Final Assexbly

Study Neme: Study |

Plot rame: Megnetic Flux Denuity - 1 ( Resultant
00 T 2 01180:

Gmuwoamﬁmmﬂm 1802
/ ; N

Fig. 22. Magnetic Flux Density

Fig. 22 shows the Magnetic Flux Density. We know that
higher the flux density, stronger the magnet is at that area.
From Uniform Wear Theory we know that greater pressure is
required at the inner radius of the clutch plate.

From the figure above we can see that the flux density is
maximum at the inner face thereby validating our design.

Fig. 23 shows the Force Density. To transmit a torque of 20
Nm, a clamping force of 2667 N is required.
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Fig. 23. Force Density

The average Force density when multiplied by the volume of
Rotor gave a force of 2712 N. Thus, it is validated that the
electromagnet is generating enough clamping force.

X. CONCLUSION

The various mechanical components of the electromagnetic
clutch were successfully designed, analyzed and presented in
this paper. All the aspects involved in the design of the
electromagnetic  clutch  were carefully taken into
consideration. Static analysis and fatigue analysis of the
various components of the electromagnetic clutch was done
to ensure safe design. Also, magneto-static analysis was
performed to ensure desired magnetic force is generated as
required for engagement of the clutch. Hence, by proper
analysis we verified our design and calculations. Thus,
without compromising on the safe design of clutch, an
endeavor was made herein to present a simplified model of
electromagnetic clutch.
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