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ABSTRACT

Low quality magnetic steel available locally has been successfully used as core
material for a relay. New design principles as well as construction procedure
used in development of a prototype are presented. Then the new approach is
assessed and found to deliver acceptable accuracy.

INTRODUCTION

Design methods presently in use for relays are cumbersome and labour
consuming. In most cases they require the use of a huge amount of em-
pirical formulae and graphs{1.2]. On the other hand, only computers with
big storage capability have proved suitable for such procedures. The new
approach, proposed here, shortens considerably the design procedure by
calculating only few vital check parameters. The quantity of mathemati-
cal expressions and graphs used for the process is reduced. Then the va-
lidity of the method is evaluated.

The procedure that is suggested here is successfully used for constructing
the main element in the relay and is also very simple and efficient.
CHECK PARAMETERS

The check parameters are five, namely relative magnetic resistance, in-

ductance, magnetic energies, torque and pulling force. The computation
method is descrioed here below.
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The Relay winding

The relative magnetic resistance is obtained using the
expression:

o _ _IRu*taR, _3UR,*aR)
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Where R,y - average magnetic resistance per unit length of the relay core
and base; R - magnetic resistance of the relay airgap taking into account
the fastenings attaching the core to the relay base; 1 - length of core in
metres; g - magnetic admittance of the leakage flux within a unit length (1

metre) of the magnetic circuit and ¢ is represented by:
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Neglecting the resistance of the soft iron‘portion results into:

[\ gR

ay
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Where L', is the stadc inductance (when resistance of soft iron portion is
neglected.

If R,, the magnetic resistance of the joint between the core and the casing
at the base of the former, is taken into account the following expression is
obtained:

Uhandisi Journal, Vol.17 No .2, December, 1993 2



Kadete & Chambega
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Neglecting conductance caused by flux leakages (g 0) r esults into:
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Figure 1 - A type of K, curves used for designing

relays

The value K, depends upon the configuration of the relay, the size of the
space inbetween the soft irons and ampere turns. Estimation of K, using
known equations may prove to be time consuming. However, it is some-
what easier to obtain the value experimentally. Figure 1 shows a series of
curves for different sizes of space obtained experimentally, for the low
quality magnetic steel. Inductance was measured using the ballistic method
and the Maxwell Bridge at constant current.
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From the curves it is seen that the relay inductance is maximum within
the range from 70 to 200A. At ampere turns greater than 300A inductance
is independent of values of space in between the soft-irons.

Inductance of a winding without a soft iron core may be calculated with
the help of the following equation (cylindrical coils with O <D <p)

L= 10.1N2D;}(2)210*‘*’H (©)
Jo,

where D - average diameter of the coil; p - perimeter of the cross-sectional
area of the conductors, cm.

Magnetic Energy

Magnetic energy stored before movement of the armature:

¥
VVI = jldlji = AreaOaIb, (7)

Magnetic energy obtained by the system within the motion time of the
armature:

¥
W, = J-id v = Areaa,bb,a, (8)
0

Magnetic energy stored after movement of the armature:
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¥2
W, = jid W = AreaOa,b, (9)
0

Magnetic energy consumed during motion of the armature is given by:

1 , I |
wm=§IW!+I(WZ—WI)——§I(W2_WI) (10)

In case of small linkages y = ¢N the following expression is obtained:

1 d¥ 1 dd (IN)* dG
Fowc | s IN——=— 11
s T T INGTTTY as 1y

Torque

Torque delivered by the armature then becomes:

(UN)* _dG
T = = us 12
2 da .
The total magnetic conductance of the relay:
1 dG, _ G, dG
G = and YL i 9
Ll 1 ds Gy ods (13)

where Gg - total magnetic conductance of the airgap which is dependent
on rotational angle of armature, Gy - magnetic conductance of the other

remaining parts of the magnetic system (core, base, armature and fastenings .
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associated with system) not dependent on rotational angle of the arma-
ture.

Hence:

INYG * dG,
et Z)G 0 o
é

Then torque delivered becomes:

r __UN)" dG, __UN)'G, 4G,
‘ 2 da 2G; da

(15)

If assume that during the motion time of the armature, flux does not change
and the magnetic characteristic of the relay is a straight line (figure 2) then
neglecting leakages, the following expression is obtained:

| 1 1 |
Wm = -—Ilw——l2w=__ w([l - 12) = __.(I)E(Rm] - RmZ)

In this case, pulling force has the following expression:

O? dR
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and torque delivered by the armature is given by:

2
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2 db
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Figure 2 -  Relationship between flux within the
relay electromagnet and current

Pulling Force

Total magnetic conductance of the relay airgap can be expressed by the
following equation:

dG, dG dG, dG,
= % +

G: =G +G, +G,and 19
. T RAn da da do do )
where
dG 27y,
g AT (20)
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Substituting the value of (IN)2 by the value $2/G2 the following expres-
sion is obtained:

(1)2
Ta B 2 2
drp (¢, - \fcl —r

(22)

For small rotational angles of the armature o is considered approximately
equal to 8/c103] and hence:

2 P
G= "2 (e = e =) (23)
dG 2 72
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Pulling force acting on the armature (directly opposite the centre of the
core) is:

(IN)* 27c 1, % P*?
= (¢, —AJ¢, " =r")= e
2 5 1 } 47e 1, (c, —x/C,z__—r“2)

F (25)

CONSTRUCTION OF THE MAIN ELEMENT

The magnetic system is single-coiled with a c-shaped core. The core is a
series of plates from low quality steell4]. Its cross-section is a complicated
configuration of a number of rectangular shapes inscribed in a circle. The
circle is, infact, the cross-section of the inner part of a cylindrical winding
engulfying the core. The armature, which also forms part of the magnetic
system, is made from the same steel as that of the core.

RESULTS
The present design methods using a computer was dore so as to be able
to compare with results obtained using the method presented here. De-

tails of the results obtained are shown in Table 1. Check parameters namely
relative magnetic resistance, inductance, magnetic energies, torque and
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pulling force were involved in the calculations. The average deviations as
compared to values obtained through existing methods were found to be
0.80%, 1.12%, 1.40%, 1.60% and 1.70% respectively. Moreover, the time
needed for the calculations was found to have reduced considerably be-
cause of a huge reduction in the use of empirical formulae and graphes.

Table® 1 - Results of calculations to various relays bhased on
both methods.

Magnetic Inductance | Magnetic | Torque Pulling
Resist- mH Energy, N Force
anca A/wb W, N
Joules
For Relay 1
Existing Method | 6.52 0.952 820 2002 667.3
Proposed Method 6.58 0,981 829.84 2027.63 677.7
Deviation (x) 0.86 0.95% 1.20 1.28 1.58
For Relay 2
Existing Mathod 20.45 3.58 5026 10009 2001.8
Purposed Mathod | 20.81 | 3,61 5081.29 | 10141.12 | 2034.8
Deviation (%) 0.78 0.84 1.10 1.32 1.65
For Relay 3
Existing Method 50.24 11.38 165524 41059 5132.4
Proposed Mathod 50.82 11.56 16837.96 41962.30 5229.4
Daeviation (%) 0.76 1.58 1.90 2.20 1.89
Average 0.80 1.12 1.40 l 1.80 1.70
deviation (%)

Relay 1 - small size relay (I” = 3A)
Relay 2 - Maedium size relay (I, = 15A)

Relay 3 - Large size relay (I09 = 29A)

DISCUSSION OF RESULTS

Existing methods for designing relays are based on a series of assump-
tions. This is due to the fact that the process taking place during opera-
tion of the relay is complicated because of the non linear relationship be-
tween the magnetizing current and flux, the non-uniform distribution of
the flux along the cross-section and length of the core, the effect of eddy
currents and leakages, and the non-uniform movement of the armature
during operation of the relay. The method presented and discussed in
this paper avoids some of these complications through the use of a simpli-
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fied model. The deviations of the check parameter values as compared to
values obtained through existing methods were found to be within an
acceptable range for all the relays sampled.

CONCLUSION

The method proposed in this paper has advantages in that it reduces the
amount of time for calculations and releases storage capacity of comput-
ers. The answers obtained were also found to be within accuracy limits.
The method may hence prove useful to relay designers.
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