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ABSTRACT
Circuit breakers are of inevitable use in this modern 
era of electronic and electrical boom. In this paper, 
the problem of “Nuisance tripping” caused due to 
environmental impact forces in circuit breakers is 
analyzed. Formerly, impact response of a circuit 
breaker latching system was analyzed only using 
through practical experimentation which proves 
to be very costly, given the cost of sophisticated 
equipment used for the testing and the associ-
ated employees’ over head costs along with other 
indirect costs. In this research paper, a theoretical 
model was developed to determine the impact re-
sponse of a circuit breaker system under the appli-
cation of prescribed impact forces. This model can 
be used by a design engineer to predict the impact 
response of the designed circuit breaker latching 
setup. So, even before the manufacturing of trial 
runs begins, an engineer can be very sure that his 
component designed will withstand the standard 
impact forces. Hence, the above said costs incurred 
due to impact testing and the associated rework-
ing costs can be neglected, or at least minimized 
to a considerable level. This research mainly fo-
cuses only on the methodology to be used with 
circuit breakers to predict and analyze the impact 
responses.

1. Introduction 
	 Tripping is the process of disconnecting the de-
vice or load and the power source, at the circuit 
breaker. As the name suggests, nuisance tripping 
is something that happens in circuit breakers, 
wherein tripping occurs without the advent of 
the user tripping it. Or, in other words it is called 
so when the circuit breaker latches trips unneces-
sarily or without the need, causing the power in 
the line to trip when the loading device needs it. 
Since the components used in a circuit breaker are 
mostly mechanical or thermo-mechanical equip-
ments, they are susceptible to mimic the forces 
that arise from the environment. The forces from 
the environment, either naturally induced (for ex-
ample, earthquake, tsunami, etc) or induced by 
human work and processes (for example, indus-
trial scenario) cause the components in the circuit 
breaker to displace in accordance to the applied 
forces being manipulated by some components 
such as springs, dampers, etc in the circuit breaker. 
These environmental forces may also cause the 
circuit breaker components to malfunction or to 
get damaged. This is a major problem because 
the circuit breaker should have the capacity to trip 
only when the user intends to and triggers it to 
trip. At all other times, it should continue its power 
supply to the line from the source. This is of huge 
importance especially during times of natural ca-
lamities, because during those calamities, huge 
environmental impact loads will be evident on the 
circuit breaker and critical electronic and electrical 
devices (for example, emergency fire fighting wa-
ter sprayers) should function properly in order to 
minimize life and property loss [1]. In this research 
paper, a methodology involving mathematical 
modelling of the circuit breaker along with envi-
ronmental impact forces, which will help to pre-
dict whether its latches would trip or not, under 
the specified conditions, is reported. If the results 
are positive (no nuisance tripping) with the neces-
sary factor of safety, the product is good to go on 
with manufacturing trial runs and if the results are 
negative (that it trips), then corresponding design 
alterations should be made by an in-depth analy-
sis of the mathematical results and the revised 
model is diagnosed again to see that the results 
are turning up to be positive. This will bring down 
the cost of practical testing, because the design 
engineer can now be sure from the mathematical 
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Fig. 1: Latch setup.

results that the latch will not trip unnecessarily due 
to environmental impact forces and upon further 
practical impact testing, the result will always be 
a good to go. i.e., there will not be any scrap or re-
work form the impact testing department. So, the 
number of components of the lot to be tested can 
be significantly reduced leading to a reduction in 
the number of testing personnel and a reduction 
in the procurement of testing equipment and ac-
cessories. This, in turn will prove further more pro-
ductive to the company because, time and space 
are always money incurring and by the concepts of 
lean manufacturing, these money incurring non-
value added activities should not be carried upon. 
Also, the lead time of the switchgear can be signifi-
cantly reduced. Through this research, investments 
in the testing department can be reduced and the 
space and time involved in testing of products can 
also be cut-down. This nuisance tripping can be 
prominent in places in which the circuit breaker is 
mounted near a high load press, in a sailing ship 
prominent to high pitching and yawing forces, 
during natural calamities, etc.

2. Problem Description and Design  
Considerations 

	 Figure1 clearly depicts the latch system taken for 
consideration. The latching system consists of two 
small mild steel (density = 7850 kg/m3) cantilever 
beams hinged in a position as shown in Figure 1. 
Since the latches are kept at right angles, springs 
are to be used so that they keep pressing against 
each other at normal times.

used in the practical scenario. But, for our math-
ematical consideration, torsion springs are used 
because they have only one degree of freedom, 
i.e. their respective angular displacements. But, if 
the helical springs are considered to be used here, 
they will have two degrees of freedom, i.e. the lin-
ear displacement and the buckling tilt induced be-
cause of the angular displacements of the latches. 
Torsion springs are used in order to eliminate the 
complexity induced by the buckling tilt of helical 
springs. The torsion springs are assumed to have 
stiffness of 0.5 kg mm/deg (or) 281.035 N mm/rad 
for the one fixed to latch-1 and 0.2 kg mm/deg 
(or) 112.414 N mm/rad for the one attached with 
latch-2.
	 Since the nuisance tripping of the latches is de-
scribed by the angular displacement of the latches 
above a permissible value and in a direction against 
the force applied by the torsion springs, it may be 
eliminated by using springs of high stiffness value. 
But, using springs of high stiffness would create 
problems during manual or intended tripping [2]. 
Because, in manual or intended tripping, the trip-
ping force is given through some mechanical ar-
rangement or through a bimetallic strip that makes 
the latches to displace against the springs so that 
the circuit is tripped. This applied force for manual 
tripping should be as low as possible in order to 
provide ease to the user. So, a small value of stiff-
ness is considered to the springs. During intended 
or manual tripping, the latch-2 is made to displace 
against the spring (in CW direction) beyond a limit 
so that the latch-1 which is pressing against it will 
go down, causing tripping. This limit is based on 
the dimensions of the latching system. The permis-
sible angular displacement calculation of latch-2 
in order that tripping doesn’t occur is discussed in 
section 2.1.
2.1 Maximum permissible displacement 
	 The maximum permissible displacement for 
latch-2 is calculated through the trigonometric 
data shown in Figure 2. It is sufficient to check 
latch-2 alone for its displacement because, if the 
displacement of latch-2 exceeds the permissible 
value, it is understood that latch-1 will conse-
quently exceed the permissible value of displace-
ment because of its orientation and gets tripped 
because of its orientation. Also, the case in which 
latch-1 alone will be exceeding the permissible val-
ue of displacement, while latch-2 being in under 	 Here, either helical springs or torsion springs are 
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Fig. 2: Trigonometric data used to calculate maximum permissible 

displacement for latch-2.
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safe numbers, is ruled out because of the configu-
ration being reported here, i.e., latch-2 is holding 
up latch-1, which cannot displace without latch-2 
displacing. The values of θlarge and θsmall are 
found to be 10.954o and 1.8476o. On subtracting 
these two, the value of maximum permissible dis-
placement (or) θlimit was found to be 9.106o (or) 
0.159 rad. So, if latch-2 doesn’t displace beyond 9.1 
degrees (or) 0.1495 rad, the latches will not trip un-
necessarily. So latch-2 has to be checked whether 
it displaces more than 0.1495 rad or not, being ap-
plied with the considered force.

3. Modelling of Applied Force
	 According to the IEC (International Electrotech-
nical Commission), some standards have been 
established to test circuit breaker latches [3]. One 
among them that caters to circuit breaker com-
monly used in house hold is chosen. It is given as 
follows:
The force applied should be impulsive such that 
an immediate acceleration of 30g (30 times the 
value of acceleration due to gravity) is imparted on 
the system.
The force should be applied to the system for 
only 18 milli seconds. 
 Keeping in mind of these two data, the forces are 
modelled as follows:
The mass of the latches are found out using their 
dimensions and density. Mass of latch-1, m1 was 
found to be 0.002624 kg while mass of latch-2, m2 
was found to be 0.003016kg. 

The found mass, when multiplied by the required 
acceleration of 30 times the acceleration due to 
gravity, will give the magnitude force in Newtons. 
By this, the magnitude of forces in acting in latch 1 
and latch 2 are found to be 0.77224 N and 0.8876 N. 
The numerical value (magnitude) of forces to be 
applied has to be converted into impulsive forces. It 
is done by a method shown below.
According to literature survey, impulsive forces 
can be modelled in two ways. One is the Gaussian 
curve type and the other is the exponential decay 
type.
1)	 Gaussian curve: 

2)	 Exponential decay curve:

where: F
i 
is the equation of the force to be applied 

in the corresponding latch, A
i
 is the magnitude of 

the force applied (N), x is the time interval to which 
the force is applied (seconds), t is the time instance 
and h is a constant corresponding to the required 
time interval. In order to choose one between these 
two, the compatibility of these two equations with 
respect to the different techniques in math. While 
analysing the former type, the Gaussian curve, it is 
found that et2 term is a problem. It can neither be 
used in Laplace transforms, nor can be used in the 
place to find the particular integral in the usual 
method of solving ordinary differential equations 
(ODE). Also, while explaining impulsive functions 
(or) dirac-delta functions, authors of some advanced 
engineering mathematics books have reported that 
those functions don’t practically exist as rectangular 
pulses of very short intervals, but as an exponential-
ly decaying function that decays approximately to 
zero in a very short interval of time [4,5]. So, the lat-
ter one, the exponentially decaying curve is chosen 
to model the force term in our case. The final mod-
elling after choosing the type of curve is explained 
here.
	 So, it was decided to use a function of the format 
[Ai × e(-h.t)]. Now, the value of ‘h’ corresponding to 
the time interval, i.e. 0.018 seconds is to be found. 
The use of the software ‘MATLAB 2012’ is mandatory 
here. There, a program to plot a function and see the 
graphs visually was created. It was then used to plot 
the equations, i.e. values of the equations, having 
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Fig. 3: Applied force (Latch-1 considered).
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random values of ‘h’ are plotted at various instances 
of time. While doing this, the value of ‘h’ was found 
using trial and error method to be 322, in correspon-
dence with our time interval of 18 milli seconds, i.e. 
when substituting the value of ‘h’ with the numeric 
322, the function was found to be decaying approx-
imately to zero in approximately 18 milli seconds. 
The graph obtained in Matlab is shown in Figure 3.

4. Equation of Motion
	 Consideration of an established equation of mo-
tion is very important, for all further calculations 
will be based on this. Basically, there are some 
ways by which the equations of motion can be 
modelled for complex spring-mass systems. They 
are Lagrange’s equation of motion, Rayleigh’s 
equation of motion and through construction of 
free diagrams. These methods, invented by the re-
nowned mathematicians, Lagrange and Rayleigh 
are widely accepted methods to frame the equa-
tions of complex spring-mass systems that have 
inter-dependable multiple degrees of freedoms. In 
order to choose one among these two methods, 
careful interpretation of them is necessary. A text-
book titled Schaum’s outline on Mechanical Vibra-
tions was very useful in understanding the types 
clearly [6]. Though the main outcome of the two 
will be similar, some differences are there in both, 
making them quite unique. Analysing from a point 
of view adhering to our requirements, the former 
one, i.e. the Lagrange’s equation of motion was 
chosen because, the latter ones involves drawing 
free body diagrams in which there is a requirement 
that the different masses of the system has to be 
connected by a spring or a damper and that the 
point of connection of the spring/damper with the 
mass is to be rigid and immovable with respect to 
the masses. But in this case, there are latches that 
slide with respect to each other and it is not pos-
sible to model the connection between those two 

latches using any spring or damper with a rigid 
and immovable joint with the masses. The free 
body diagram method is also rejected due to our 
system experiencing physical sliding. So, the latter 
methods are rejected and Lagrange’s method is 
chosen which conforms to all our requirements [7]. 
The Lagrange’s equation of motion is represented 
as follows:

where, K.E – Kinetic energy, P.E – Potential energy, 
D.E – Dissipating energy, i

i
 – Angular displacement,  

iio – Angular velocity, iip – Angular acceleration and 
F
i
 – Force to be applied in the ith member of the sys-

tem. 
4.1 Modelling of Damper in the System
	 The above equation (3) is based on the law of con-
servation of forces utilizing the kinetic, potential and 
dissipating energies of the different components of 
the system. A new term arises here called the dissi-
pating energy. It corresponds to the damping prop-
erty of the system. Even though it is not very visibly 
evident in the system, this has to be considered. 
Also, in our case, it happens to be that the damping 
elements are not of the usual shock absorbing type. 
Hence, a need arises here to find the damping coef-
ficient in an unusual way [8]. It was hence referred 
that for systems which doesn’t involves any visible 
or naked dampers, damping is supposed to hap-
pen due to the friction between the two surfaces in 
contact and that, the medium between them is also 
influential, even though very small in thickness [9]. 

5. Evaluations and Calculations
	 The Lagrangian equation of motion as given by 
the expression (3) is

	 In the above equation, all unknown terms were 
evaluated using known data. Consequently, the 
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Table 1: Evaluation of basic terms

Table 2: Differentiation of basic terms in accordance to the equation of motion

Term in the equation of motion Evaluated expression

dt
d K.E

12

2

io
^

e
h
o 2.587536 × 1ip P.E

22
2
i
^ h 112.414 × 2i

K.E

12
2
i
^ h 1.428768 × 1ip D.E

12

2

io
^ h 9.915 × 1 2i i-o o^ h

dt
d K.E

22

2

io
^

e
h
o 3.284424 × 2ip D.E

22

2

io
^ h 9.915 × 2 1i i-o o^ h

K.E

22
2
i
^ h 1.642212 × 2ip F

1 0.77224 × e .t332-^ h

P.E

12
2
i
^ h 281.035 × i F

2 0.8876 × e
.t332-^ h

After substituting all found values and simplifying in the Lagrange equation (equation (3)), it gets trans-
formed as

Nomenclature* K.E1 K.E2 P.E1 P.E2 D.E1, D.E2

Evaluated 
expression 1.428768 × 1

2io 1.642212 × 2
2io 140.5175 × 1

2i 56.207 × 2
2i 4.9575 × 2 1

2
i i-o o^ h

. . . . . . . . . .e1 428768 9 915 281 035 9 915 0 77224 .t
1 1 1 2

322i i i i+ + - = -p o p^ ^ ^ ^ ^h h h h h

1.642112. . . 112.414. . . . .e9 915 9 915 0 88762 2
.t

2 1
322i i i i+ + - = -p o p^ ^ ^ ^ ^h h h h h

( 4)1

( 5)1

evaluated expressions were applied with the corre-
sponding differentiation or partial differentiation as 
given in equation (3). The various terms that were 
deduced are summarized in Table.1 and upon being 
applied with the corresponding differentiation, the 

deduced expressions to be substituted in equation 
(3) are summarized in Table. 2.
	 *Abbreviations are as given in section 5.1. The 
numbers in subscripts in the abbreviations denotes 
the latch numbers.

6. Solving the System of Equation
	 The equation that is to be solved is a second or-
der, simultaneous, non-homogenous ordinary dif-
ferential equation. It cannot be solved manually in 
this same state. At least, it has to be transformed 
into a non-simultaneous state. This is done in order 
to make the set of equations liable to apply any 
mathematical procedures or techniques. This com-
plexity arose due to the fact that the dissipating 
energy term involves the relative velocity term and 
this presents the relationship between the two 
latches in terms of frictional or dissipating energy. 
In order to make the system of equations (14) and 
(15) into a non-simultaneous one, a technique is 
adopted in which common terms of θ1 and θ2 are 
combined together in each expression and each 

combined multiple of both terms in an expression 
is multiplied with the multiple of the other term in 
the other expression, and the system of equation 
is added or subtracted such that any one of the 
term having equal or opposite multiples in both 
the expressions will get cancelled. After this proce-
dure is carried upon, the system of equations will 
get transformed into a single equation, but with a 
higher degree. In this case, the system of equation 
given by equations (14) and (15) is cross-multiplied 
and added up such that the terms of θ1 will get 
cancelled. θ1 terms were made to get cancelled 
because it is evident from Figure 1 and section 3.1 
that it is sufficient to check latch-2 alone for it dis-
placement in order to determine the tripping of 
the latching system. The system of equation turns 
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Fig. 4: Impulse response
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up to be equation (16) after being carried on with the procedure stated here.

	 Thus, the system of equations has become a sin-
gle, non-simultaneous, non-homogenous, fourth 
order ordinary differential equation. It can be solved 
manually with four initial conditions. They are: At 
time , .t

dt
d

dt
d

dt
d0 02

2
2

2
2

3

3
2i i i i= = = = =

	 A Matlab program was developed to find the roots 

of the homogeneous equation based on which the 
complementary equation was developed and a 
program was developed to simultaneously solve 
the system of four equations which arises upon sub-
stitution of the initial conditions. Finally, the solution 
was found to be:

	 Then, the result (equation (17)) has to be plot as a 
function of angular displacement of latch-2 in radi-
ans with respect to time and the absolute maximum 
value of the graph has to be found. For this, a Matlab 
coding, similar to the one used in section 4.1 is used 
[10]. The graph displayed by the Matlab software is 
shown below in Figure 4.

	 Also, the absolute maximum and absolute mini-
mum values of the graph were found to be 0.0939 
radians and -0.0723 radians. The negative sign signi-
fies that the displacement is in the opposite direc-
tion (ccw), to that which is kept as positive.

7. Results and Discussions
	 As found by the proposed mathematical model, 
the maximum angular displacement of the latch is 
0.0939 rad (or) 5.38°, which is well below than our 
maximum permissible displacement of 9.1° (or) 
0.1495 rad. So, the latch does not get tripped. Hence 
nuisance tripping does not occur in the latch sys-
tem of given dimensions and material, when ap-

plied with an impulsive acceleration of 30 times 
the acceleration due to gravity for 18 milli seconds. 
During this methodology, if the results turn up to 
be more than the permissible levels, it will mean 
that the latches will trip causing nuisance tripping 
to happen. In such a case, the resultant graph is to 
be carefully analyzed for its pattern and the time of 
tripping, and other such data can be found. Then, 
design alternatives are to be proposed by changing 
the dimensions such that the centre of gravity of the 
system further opposes the displacement caused 
by the impact forces, or by changing the material 
of the latches, changing the sub-components and 
so on. Then, the same procedure is to be followed 
and only when the results turn up to be positive (no 
nuisance tripping), the design is to be approved and 
proceeded for testing section and further to manu-
facturing section.

8. Conclusion
The methodology reported in this paper has suc-
cessfully predicted whether a latching system in a 
circuit breaker trips unnecessarily or not, under the 
given circumstances. This methodology will prove 
very useful to many switchgear research and de-
velopment centers and also to the researchers who 
are working in the vibrations and impacts field. One 
important thing to be said here is that researchers 
interested in this field, when intending to continue 
research in this area are asked to concentrate in de-
veloping codes in any software package in a better 
way so that the methodology becomes very user-
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friendly and time-saving. This is mainly because the 
engineers at any switchgear company will never 
find sufficient time to work in the mathematical part 
of solving the equation and that the mathematical 
solving ability of the engineers will also be a huge 
impact on the results. So, they will expect a user-
friendly software package which will tell them the 
results of impact analysis by just giving the dimen-
sions, material, orientation and shape and other 
such critical data as inputs. The mathematical soft-
ware codes used in this paper are useful to an extent 
and further research should be carried on regarding 
this so that switchgear research and development 
gets to newer heights.
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