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ABSTRACT

The paper evaluates the influence of different cores on the performance of
relays. In particular two types of c-cores, all made Jrom low quality mag-
netic steel, are considered. The two cores, one butt-constructed and the
other interleaved, are mathematically modelled and the results are analyzed
and obtained experimentally. Then the two sets of results are compared
with those of a c-shaped core of excellent magnetic material with the aim
of qualifving the influence of the core material. It is observed that the
method of constructing the core also influences the performance.

INTRODUCTION

The main element in arelay is the core. It consists of magnetic steel which
usually operates at the point of saturation. The Investigation aims at quali-
fying the influence of the magnetic system on the performance of relays.
If, say, the operating point of the steel is changed by O.1T within the linear
region. by how much will its operating current (or time) change? Like-
wise, if the quality of steel is changed, how will the operating current (or
time) of the relay be affected. The investigation involved two types of
steel, one with excellent magnetic quality (operating point above 1.25T)
and the other of very low quality.

The low quality steel was also used in two types of cores - which differed
in their construction method - to further investigate the magnetic system’s
influence. through variation of its reluctance, on both the operating cur-
rent and time of the relay.
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MODELLING OF THE MAGNETIC SYSTEM

In order to evaluate its influence, modelling of the magnetic system was
necessary.

Magnetic Resistance of Relay Core '
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Fig. 1: An equivalent circuit used for modelling the magnetic system
of relays

Figure 1 shows an equivalent circuit of the magnetic system used for mod-
elling the two cores. The total resistance of the circuit is:

: RIE + R
Rﬁl - ZR(”' g k b - )
R =ty + R, .
R = : |
Where ' 6— and R, =R; + R, + R,

In the expressions above R, - relative magnetic resistance obtained by
taking into account flux leakages; Ry - magnetic resistance of the relay
airgap taking into account the fastenings attaching the core to the relay

base; p - magnetic resistance of the airgap dependent on the movement

and hence position of the armature; Rj,s-magnetic resistance of the gap in
between the armature and the core when the armature is fully attracted; the
space in question usually has some non-magnetic material; Rgi - magnetic
resistance of the gap in between base and the armature along the motion
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axis of the latter, this value is considered not dependent on position of the
armature; R, - magnetic resistance of the joint between the core and the
casing at the base of the former; | = length of the core; R,y - average mag-
netic resistance per unit length of the reiay core and base.

To obtain the value of flux at the end of the core at the poles it 1s necessary
to divide winding mmf by the equivalent magnetic resistance R,;; the lat-
ter’s value can simply be found by considering the equivalent circuit of
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(1)

If leakages are neglected (Rg = ==) the expression can be simplified as
[ollows:

R =R +R +IR, =R, +R (2)

11
Magnelic resistance of the airgap is given by:

R, = = i R

l .
— =R, -R,
o G5 G5 s o i (3)

where R;S - total magnetic resistance of the airgaps taking into account the
non-magnctic material within the flux path.
If neglect the magnetic resistance of soft iron of the core and the casing
(R,y = O) then full magnetic resistance of the relay circuitli1l:
. ) )
R — RH(R? + RU) _ Rg(ﬁ‘u i R(S . Rg(ur)SRu o+ 5)
mo - - (4}
R,+R,+g R, +R +R, USSR +R)+0

where is the airgap length and R, - the total magnetic resistance of the

elements in the magnetic circuit the value of which is independent on the
position ol the armature.

Relay Inductance

It is known that the expression for static inductance of tne relay (at an
cquilibrium position) 1s;

Uhandisi Journal Vol. 18 No.2 December 1994 3



Evaluation of the Influence of Magnetic System in Relays

Z
L= N Rl __3+Rgl
> IR +qR, 3 ° 3(R,+qR,)

where g - magnetic admittance of the leakage flux within a unit length (1
metre) of the magnetic circuit and q is given by:

g __ 2
N =K N (5)

_ IygR,

7= tanhl\/gR

The value K, is a relative magnetic conductance of the relay given byl2l:

K - L By 3*Rel 1 .
lRav + qu lRuv B(ZRm i qu) Rm

The value K, depends upon the configuration of the relay, the size of the
space in between the soft-irons and ampere turns.

Magnetic Energy and Pulling Force

In the case when the winding of the eleciromagnetic is switched to a con-
stant supply the following equation may be written:

o d
U=ir+<¥ 5
dt
Energy supplied through time t minus energy lost as heat is changed into

rnagnetic energy.

v
0

Graphically this energy is the area between flux curve and the y-axis.

Magnetic energy consumed during motion of the armature is obtained as a
difference between input energy to the system and that remaining after the

moiion,
Wm = Wl + W2 = VV’S (9)

Pulling force of the armature electromagnet and the torque it creates may
be expressed as follows:
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AW, dw

F=""n T e
5 and " do (10)

Due to the non-linearity of the magnetization curve the easiest way to
calculate pulling force is by using a graphical method. However, if as-
sume that the magnetization curve of the relay is a straight line (L = const)
and the value of current within the motion time of the armature does not
change, pulling force can be obtained by analytical means.

Pulling Force - Total magnetic conductance of the relay airgap can be
expressed by the following equation: |

L el i dG dG dG+dG '11
pELT Ty do docda do (h

where G and G; are components of a resultant magnetic flux entering
through two routes, along the edge in between the side and front surfaces
and along the side surfaces of the pole-tips respectively.

In a case when the effect of magnetic conductance especially at tips and
sides of the poles can be neglected and so is the magnetic conductance of
all the parts not dependent on rotational angle of the armature then torque
delivered by the relay armature becomesl(31:

_UN)* dG _ (IN)'mu,

_ E 2
= 7 (G = = (12)
2 do o
where G is the conductance in between the poles of the circular cross-
sectional area and the armature and C is the distance between the axis of

the core and the axis of rotation of the armature.

TRANSIENTS AT SWITCHING THE RELAY

Transients taking place within the relay circuit at switching the relay wind-
ing to a constant voltage may be analyzed with the help of the following
equation: &

oy AY
U=iR+—
! g (13)

If the flux is small then Y = o N and hence equation (13) becomes
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) do
U=iR+ N—]
At (14)

In order to solve this equation it is necessary to establish the relationship
between flux and time i.e. o = f(t)4l. The curves showing the relation-

ship between W and i or and iN for the electromagnet with its arma-

ture firstly unattracted and then attracted are shown in figure 2.
l
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Fig. 2: Relationship between flux and current

The relationship between i and % t and and t may be obtained using

different methods. However, in this investigation the method of condi-
tional linearization is used.

RESULTS

Three cores were investigated. The first was from excellent magnetic
material whereas the other two were from Tow quality magnetic steel. Two
cores, one from either type of steels, were interleaved and the third was
butt-constructed. In each case normal design procedures which determine
operating time of the relay was used given a specific operating point within
the magnetization curve of the material. The type of construction of the
core considered was taken into account during the computation stage. The
computed results were further verified through experimentation. Table 1
summarizes the results. Evaluation was done using the expression:
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Previous.reading — Present. readin
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Evaluation = : :
Previous.reading

CONCLUSICN
The paper has successfully shown and analyzed the influence of magnetic
steel on the operating current and time of a relay. It has also, through the

T T T ~Ad Aninlifiad tha rmagnats
results obtained, quatified the magnetic systems role in relays.

Table 1: Results of the effect of the magnetic system on performance

of relays
r'rm of core Oyersting pont | Cauputed Prperinse-sisd | Lyshuatioo Computed Expesmocntad Tivalastica (v}
I Operaiing Operning Corrcn |5] | Operving time | apesaing time | 1)
Qurrent [A] cwrrad |4 JmSer] palac}
Excellent 1.55 3.54 3.63 - 8.02 8.11
[ 1.45 331 3.45 4.96 10.56 10.68 31,69
§om: e sieet
; 1.35 3,08 3.27 5.15 13.72 13.99 .30.99
1 (neerl aved
i
‘ 1.25 2.85 3.10 5.06 18.17 18.39 23142
i Low quality L.00 6.25 6.32 : 12.08 18.22
S -
RS 0.90 5.63 5,70 9.81 22.15 22.36 n7
: £ 1
: 0.80 5.00 5.15 9.63 27.32 27.50 2055
i 670 | <38 a6s | 975 | 3346 | &5 | 228
Low quiliy 100 7.82 7.92 - 21.74 21,59
g Sl 0.90 7.04 6.94 1231 | 2169 2782 | 2651
9T | .
: oS 0.6 6.10 1702 | 34.84 3518 .26.47
et 2 b
F 0.70 5.47 5.3% 1223 | 44.48 43.60 -26.78
A—
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