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Abstract

The need of electrical energy without interruption is becoming more and more im-
portant. To meet this requirement, the demand on reliability of each individual
component is increasing. The circuit-breaker constitutes the last link in the chain

of the protection equipment for a power supply system.

The dynamic analysis of drive mechanism, Enable industries to save cost and re-
duce time that spend on doing mechanical testing of actual prototype of mechanism.
Due to the wide range of physical principles involved in high voltage circuit-breakers,
different numeric tools have been employed to simulate and understand mechanics,
hydrodynamics and electrical behaviour. In power transmission or distribution net-
work, circuit breaker provide automatic protection in response to abnormal load
conditions. The circuit breaker may therefore be called upon to perform a number
of different operations such as interruption of terminal faults or short line faults,
interruption of small inductive currents, interruption of capacitive currents, out-of-

phase switching or no-load switching.

In circuit breaker, actual opening and closing operation is carried out by two con-

tacts: Fixed Contact and Moving Contact

The moving contact is operated by drive mechanism, where linkage system connects
the drive mechanism to the moving contact. In this work initially mathematical
model for four bar mechanism is simulated in ADAMS. The results of software
is compared and validated by analytical calculations. Further, Various analytical
solutions are obtained for different components of MSDx1 Drive (Mechanical
Spring Drive). An assembly is prepared and its dynamic properties are modelled
in MSC ADAMS R3 (Automatic Dynamic Analysis of Mechanical Sys-

tem) for dynamic analysis. Results are obtained by running simulation in ADAMS.
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Chapter 1

Introduction

1.1 Preliminary Remark

A circuit breaker[2] shown in Figure[L.1)is an apparatus in electrical systems that has
the capability to, in the shortest possible time, switch from being an ideal conductor
to an ideal insulator and vice versa. It is a crucial component in the substation,
where it is used for coupling of bus bars, transformer, transmission line, etc. The
most important task of a circuit breaker is to interrupt fault currents and thus
protect electric and electronic equipment. The interruption and the subsequent
reconnection should be carried out in such a way that normal operation of the
network is quickly restored, in order to maintain system stability. For maintenance
or repair of electrical equipment and transmission lines, the circuit breakers together

with the disconnectors, earthing switches will ensure personnel safety.

It can be manually opened and closed, as well as automatically opened to protect
conductor or equipment from damage caused by excessive temperature from over
current in the event of short circuit. For that important consideration to above
said event is the breaking and making time which is customarily design for few
milliseconds to avoid prolonged arcing and pre-arcing time that overheats and thus

melting moving and fixed contacts.
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Figure 1.1: 245 kV Circuit Breaker

Breaker is operated by spring operated mechanism which supplies required mechan-
ical energy to it. The drive mechanism is major component of the circuit breaker.
Within a fraction of milliseconds the drive mechanism has to supply the energy which
will transform the circuit-breaker from a perfect conductor to a perfect insulator. A

failure of the mechanism constitutes failure of whole breaking operation.

1.2 Multi Body Mechanical System

Mechanical system is simple (like slider-crank mechanism or four-bar linkage) to
more complex system such as application in robotics or vehicle dynamics. However,

each mechanical system can be considered as a collection of bodies in which some
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or all of the bodies can move relatively to one another. The actual shape or outline
of a body may or may not be of concern in the process of analysis. The location of

joints, type of force direction and direction are described by following assumptions:

a. Multi-body system consists of rigid bodies and ideal joints. A body may
degenerate to a particle or a body without inertia. The ideal joints include
the rigid joint, the joint with completely given motion (rheonomic constraint)

and the vanishing joint (free motion).

b. The topology of a multi-body system is arbitrary. Chains, trees and closed

loops are admitted.
c. Joints and actuators are summarized in open libraries of standard elements.

d. Subsystems may be added to existing components of a multi-body system.

ADAMS (Automatic Dynamic Analysis of Mechanical Systems) is a CAD package
for mechanical system analysis and design. It is very comprehensive, and is currently

used by professional engineers. It is representative of this class of CAD tools.

1.3 Objective of MSD Drive Development

To overcome drawbacks related to conventional spring operated actuators with re-
gard to the damping. The drive is to provide a damper for the closing that requires
small space and few components, which is reliable and precise. MSD stands for

Mechanical Spring Drive.

1.4 Design Features

The operating mechanism consists of three torsion springs. The inner and middle
spring generate the required driving force to close the circuit breaker and charge

the opening spring. The opening spring is directly connected to the circuit breaker
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link system. The mechanical energy in the opening spring is always stored for the

opening operation when circuit breaker in closed position.

Figure 1.2: Cross Section of MSD Drive Mechanism

The springs are charging in the unwinding direction and the residual stresses are

removed completely during manufacturing. So, the spring failure is reduced.

When the fault condition appeared the circuit breaker is ready for tripping operation.
The closing springs again charge from the motor. The springs are kept in charged

state by a latch that is released when the circuit breaker is being closed.
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Table 1.1: Table of Components

Sr. Component Sr. Component

No. Name No. Name

1 Shaft 11 Damper Sidewall
2 Cam 12 Catch Operating Lever
3 Outer Opening Spring 13 Operating Lever

4 Middle Closing Spring 14 Hydraulic Damper
5 Outer Spring Support 15 Spur Pinion

6 Outer Spring Bracket 16 Bevel Gear

7 Middle Spring Support 17 Lever Assembly

8 Middle Spring Bracket 18 Cover

9 Roller Bearing 19 Casting Frame

10 Gear Wheel

1.5 Operating Principle

of MSD Drive

There are three operations carried out by drive mechanism as under[3]:

a. Charging operation,

b. Closing operation and

¢. Opening operation.

1.5.1 Charging operation:

The Charging operation of MSD drive is described as under:

a. Charging operation is integrated with the closing damper. Damper is shaped

as a gear wheel with external radially projecting teeth.

b. The gear wheel cooperates with a pinion driven by an electric motor via gear

box.

c. During charging, the pinion drives the gear wheel about a complete turn.

d. Initially the middle spring will be charged up to 4 secs.
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e. After that time with the help of spring bracket the inner spring also will be
charged.

f. The cam part contacts with the roller of the limit switch due to that it cuts
off the electric supply of the motor mean while the Inner spring stops the

charging.

Thus the winges on both gear wheel and damper sidewall will reach a position

relative to each other as described above when the closing movement starts.

1.5.2 Closing Operation
The Closing operation of MSD drive is described as under:
a. In closing operation, coil gives command to actuate closing latch.

b. The closing damper sidewall rotates in clock wise direction and breaker pole
comes to the close position. The high impact of the moving contact with the

fixed contact of the breaker pole is reduced by the rotary air damper.

c. Simultaneously the tripping spring gets charged from closing spring. Again
the closing spring gets charged from the motor (Auto Recoiling Mechanism)
and the operating lever coupled with hydraulic damper and the tripping catch.

d. Finally, Tripping catch comes into trigger position on the tripping latch.
1.5.3 Opening (tripping) operation
The tripping operation in drive mechanism will start as follows:

a. In tripping operation, coil gives command to actuate the tripping latch.

b. Tripping spring will be discharge.
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c. When the moving contact disconnects from the breaker pole at that time the

external force is damped by mono tube hydraulic damper.

d. Tripping operation gets over, after removal of fault condition again the closing

operation starts.

The main shaft is assembled with the transmission rod of the breaker pole. The

rotation direction of the main shaft for above three operations is shown in Table
b.I7

Table 1.2: Working Direction of Drive Mechanism

Component Name Operation Direction
Charging operation Clockwise Direction
Closing operation Clockwise Direction
Opening (Tripping) operation | Counter Clockwise Direction

1.6 Problem Definition

To analyze the drive mechanism in the ADAMS software and find the contact forces

of various components. Prepare and validate the model of the hydraulic and rotary

air damper.

1.7 Objective

The objective of this project is to improve and optimize the MSD drive components

such a way that

e [t reduce mechanism response time

e [t improve reliability of the mechanical component
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1.8 Motivation

From past few years, The need of electrical energy without interruption is becoming
more and more important. The most important task of a circuit breaker is to

interrupt fault currents and thus protect electric and electronic equipment.

Much research has been undertaken concerning the dynamic behaviour of power de-
vices like switchgears, transformers and bus bars systems. The drive mechanism is
the system that stores the energy required for the circuit breaker operation. There-
fore it is very important to understand and identify different modeling parameters
of a new product to help smooth introduction to new circuit breaker products by
means of simulations. This leads to improved products and reduces the need for
time consuming and costly tests and design. Since the early 1990’s, ABB has been
benefiting from this research to improve and expand products in its electrical power

equipment portfolio.



Chapter 2

Literature Review

2.1 Introduction

The operating mechanism is major component of the circuit-breaker and safety de-
vice of power supply system. Within a few milliseconds the operating mechanism
has to supply the energy which will transform the circuit-breaker from a perfect
conductor to a perfect insulator. The energy required for interrupting short cir-
cuit currents is partly taken from the arc itself, significantly reducing the energy
required from the operating mechanism. Lower operating energy inherently reduces
mechanical stresses, on the circuit breaker itself as well as on the foundation, and
increases circuit breaker reliability. However, with the introduction of self-blast cir-
cuit breakers, the requirement of high energy for operation is decreasing and the
hydraulic mechanisms are losing ground to spring-operated mechanisms. Yongpeng
[4] has investigated main failure of SFg circuit breaker from 1988 to 1991 and found
that 44 percent of all failures in high voltage circuit-breakers were due to mechanical
reasons. Therefore, to achieve highest operational reliability, the mechanical design

should be as simple and robust as possible.
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2.2 Spring operating mechanism and Circuit

Breaker

Wan-Suk Yoo and et al.[5] has presented a spring operating mechanism (SOM) is
a dynamic system to open and close the circuit breaker in a voltage controlling
system. For a high speed action of opening and closing within a few mili-seconds,
a SOM consists of many links, joints, chains and cams. Thus, various dynamic
characteristics are occurred, especially large contact forces between the cam and the

roller, the shaft and the stopper.
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Figure 2.1: A schematic of a Spring Operating Mechanism

A circuit breaker is installed in a power system to open and close the circuit repeat-
edly in scores of milliseconds. Since the operating force reaches scores of tons, it is

essential to calculate contact forces.

Tao Liu and Zhiying Ma [6] presented their paper on the dynamic simulation of
Medium Voltage VCB (Vacuum Circuit Breaker) using ADAMS software to solve
complex equation of moving characteristic of circuit breaker. ADAMS is applied in

the dynamic simulation to solve the complex calculation of moving characteristics.
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Satisfactory simulation results can be obtained by iterative modifying parameters
of the model, and it is shown that model can be used to study the dynamic features
of VCB and to provide a good basis for circuit breaker optimum design. The Figure
shows the operating mechanism after joints was added and motion and forces
were applied. In this paper, the optimum moving characteristics will be obtained
mainly through changing parameters of three set of springs or the orifice of hydraulic

damper.

Dynamic simulation is performed to solve complex calculation of moving character-
istic of circuit breaker. ADAMS is applied in the dynamic simulation of full motion,
to view opening and closing characteristics, easily modify parameters and evaluate

its functionality on the computer.

Figure 2.2: Model of Vacuum Circuit breaker in ADAMS

The moving contact‘s rebound travel at the end of opening process can be reduced by
adjusting the position and area of orifice appropriately at the damper. Optimization
is done by mainly through changing the parameters of spring or orifice of hydraulic

damper.

The hydraulic damper force is a reactive force and act at the end of the travel which
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is often used to absorb kinetic energy of the moving contact in order to withstand
impact to other parts of mechanism. It depends on the size and position of the
orifice on the piston of the damper. Based on Bernoulli equation and liquid flow

continuity law, buffer force can be described as follows:

The construction and working principle of hydraulic damper is as shown in Figure

2.3
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Figure 2.3: Construction and working principle of hydraulic damper

Table 2.1: Legend

1 | Sealing Plate | 4 Cylinder
Buffer Tank | 5 | Hydraulic Oil
3 Piston 6 | Opening Spring

Dr. Sami Kotilainen and et al.[7] has presented model was created to optimize,
simulate and analyze a mechanism. The drive simulation is done using MSC ADAMS
dynamic software. The drive is the system that stores the energy required for the
circuit breaker operation including mechanical motion when triggered by an external
control system. In most modern circuit breakers, the energy in the drive is stored
in mechanical springs. The mechanical transmission is a linkage that transmits and
transforms the output motion of the drive into the motion of the electrical contacts

in the current interrupting units. The interrupter consists typically of two sets of
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electrical contacts. Specifically, one is designed to conduct the nominal load current
and therefore has very low resistance and thus low losses. The other is intended to
withstand the very high temperature plasma arc which takes place during current
interruption. In addition, the interrupter unit incorporates various nozzles, diffusers,
valves and pistons which provide sufficient gas pressure, density and cooling to ensure

that the current can be interrupted under all of the required operating conditions.

W~ s VN =

Figure 2.4: Part of Operation Mechanical System

The following states of the system are measured during the operation; the position
(1) and force at the test mass (2) , rotational angle (3) and torque between the drive
output and linkage (4), angle at the opposite end of the drive shaft (5), force in one
of the drive links (6) and force in a drive internal damper (7) as well as position (8),

voltage and current at both open and close latches.

Fu-Chen and Yih-Fong[8] have investigated the the dynamic response of a spring-
type operating mechanism of a SF6 gas insulated circuit breaker in open operation.
They have adopted the vector-loop method is employed to derive the kinematic

coefficients of all the members of the spring-type operating mechanism and their
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centres of gravity. The equation of motion is then solved using the fourth order
RungeKutta method. The analytical results revealed that the breaking time of the
circuit breaker was 0.078 s, a mere 5% difference from the experimental result. The
dynamic response of the circuit breaker with different spring constants was studied
and its effect on the breaking time was also assessed. With the dynamic response
known, the input driving torque of the circuit breaker can also be computed from

the equation of motion.
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Figure 2.5: Vector loop diagram of Operating Mechanism

Li Yu and et al.[9] have presented the characteristic of damper and spring for opening
and closing process. The Spring type operating mechanism is widely used in high
voltage circuit breakers. Dynamics models were set up to demonstrate the relation-
ship between displacement characteristics including initial opening speed, average
opening speed, average closing speed and design parameters of operating mecha-

nism including contact spring, over-travel, opening spring, cam and damper. Their
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simulation results show that the initial velocity increased significantly as over-travel
and preload of contact spring increased. The damper and the cam can be designed

to get a suitable displacement characteristic of movable contact.

stationary
contact

I
T\ maovable
contact

phase A
phase B

phase C

\ L \.-

i
contact
spring

nsulating

pole

spring type

mechanism \\

Figure 2.6: A model of 126kV VCB

Yongpeng and et al.[4] has presented Mechanism of circuit breaker is various and
complex, so it is difficult to monitor the condition of all mechanical parts by limited
sensors. In fact we cannot install sensor in every part of mechanism we are interested
in, and it is still difficult to differentiate all conditions of circuit breaker according to
sampling signals of sensors. Although we can simulate the possible failures of each
interested parts by experiment and inversely get the condition of them from the
field data, it is still unable to simulate all failure cases practically and to get more
accurate condition parameters. To solve this problem, a software simulation method

is developed in our research, which helps us investigate mechanism performance

deeply.



CHAPTER 2. LITERATURE REVIEW 16

The appearance and widely use of ADAMS (Automatic Dynamic Analysis Mechan-
ical System) supply a powerful means for researching mechanical characteristic of
circuit breaker. It has interactive graphic environment and abundant library, which

make it easily to constitute three dimensional parameter models.

ADAMS provide many modules for user to simulate their mechanical system includ-
ing view, solver, FEA (Finite Element Analysis), Animation, Postprocessor, etc.
The basic module ADAMS/View is used to create model and simulation. Other

module also has specific functions.



Chapter 3

Analytical Calculation

3.1 Gear Box calculation

3.1.1 Epicyclic Gear Box

Figure 3.1: Planetary Epicyclic Gear Box

The heart of the planetary gearbox is the reduction group composed by the sun
pinion and three or more planets mounted on pins which are supported by the
spider. The sun pinion transmits it’s motion to the planets. The planets then
turn inside the ring gear which is static. As consequence the spider rotates. The

motion of the spider can be transmitted to an output shaft or to another reduction

17
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group. The reduction obtained is determined by the relation between the number
of teeth on the sun pinion (Z;) and the number of teeth on the ring gear (Z;).The
ratio can be calculated using the shown formula i = Z5/Z;+ 1. The epicyclic gear
trains are useful for transmitting high velocity ratios with gears of moderate size in

a comparatively lesser space.

Table 3.1: Analytical method for Epicyclic Gear Box

Step Condition of Motion Revolution of elements
No. Spider Sun Planet | Internal
A Pinion B | Wheel C | Gear D
1 Spider A fixed,
wheel B rotates through +1 0 1 —% —%
c d
revolutions (anticlockwise)
2 Spider A fixed, sun
wheel B rotates through +x 0 1 —% —%
c d
revolutions (anticlockwise)
3 Add +y revolutions to all
elements 0 1 —%’T —%—ZT
4 Total Motion y X+y — Ti - T_Z

The epicyclic gear trains are useful for transmitting high velocity ratios with gears

of moderate size in a comparatively lesser space.

3.1.2 Bevel Gear Box

Bevel gears are used mostly in situations that require power to be transmitted at
right angles (or applications that are not parallel). Bevel gears can have different

angles of application but tend to be 90.

NI*TI :NQ*TQ (31)

NixT1

So that for reduced output speed is calculated by Ny = 5
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Figure 3.2: Bevel Gear Box

3.1.3 Technical Data for Speed reduction

This calculation provides the input speed to the main gear wheel as an input motion.

The Equation of motion in ADAMS is,
Speed = 15.15(deg) / time(sec)

As per the input time to dynamic simulation time the revolutions is supplied.

3.2 Torsion Spring Calculation

Helical torsion springs have essentially the same shape as helical compression, or
tension, springs except that the ends are formed in such a way that the spring may
be loaded by a torque about the coil axis. If the direction of loading is such as
to unwind the spring, it is advisable to heat treat by means of a stress relieving
treatment in order to remove residual stresses.[10]

The primary stress in helical torsion springs is bending stress whereas in compression

or tension springs, the stresses are torsion shear stresses. A little consideration will
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Figure 3.3: Torsion Spring End Condition

show that the twisting moment is applied to the spring. Thus, the wire is under

pure bending.

The Bending equation is given by,

M FE
- _Z 3.2
1 R (3:2)
The radius of curvature,
L
R=— 3.3
. (33
Substituting in Equation3.2]
M Ex0
— = 3.4
7 7 (3.4)
M  ExI
6 L
For Circular wire moment of inertia,
7 d
J = 3.5
ol (3.5)

Length of the wire,
L=mxDxN (3.6)
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The stiffness of the spring is defined as under:

k=

M
e (3.7)

_ Ed* (N —mm
~ 64Dn

) (3.8)

rad

When, the torsion helical spring is being wound, residual stresses are locked in the
wire of the spring due to strain hardening. Residual stresses are opposite to working
stresses if the moment is always applied in the winding sense. According to A.
M. Wahl[[10]], the bending stress in a helical torsion spring of round wire Bending

Stress,

32x M
c=K —E (3.9)
Wahl‘s stress factor,
4 —c—1
K=-—-—" - 1
4¢? — 4c (3.10)

For above values of stiffness, the torque can be calculated for the input angle. The
values are shown in the Table [3.2] The stiffness data is supplied to the ADAMS

software as an input for Inner, Middle and Tripping Spring.

Table 3.2: Torsion Spring Properties

Description Tripping Middle Inner
Spring Spring Spring
spring index 9.5833 8.7027 5.2432
Torsional Stiffness, K () (N mm/deg) | 15953.3783 | 2544.5138 | 4223.3683
wahl stress factor 1.0843 1.0936 1.1655
Bending Stress, o, (N/mm?) 915 863 920
Torque Applied (N mm) 1141320 491420 494320

The stiffness data is supplied to the ADAMS software as an input for inner, middle
and tripping spring.
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3.3 Monotube Hydraulic Damper

The hydraulic damper function is to absorb or dissipate energy. One design consid-
eration, when designing or choosing a shock absorber, is where that energy will go.
In most dashpots, energy is converted to heat inside the viscous fluid. In hydraulic
cylinders, the hydraulic fluid heats up, while in air cylinders, the hot air is usually
exhausted to the atmosphere. In other types of dashpots, such as electromagnetic

types, the dissipated energy can be stored and used later.

@
Cylinder
Piston / : » \ / Silicone Oil
/"v._ o <
Valve seal \
b

Figure 3.4: Mono-tube Hydraulic Damper

The relationship between flow rate and pressure drop can be determined using

[2% A
Q= AyxCyx | —=L (3.11)
p

__@xp
Ap = 2% A2 x C? (3.12)

Bernoulli’s Equation [3.11}

The damping force is applied in the ADAMS as a function which is varying with

stroke position to satisfy the variable damping.

P p*V}?*A?,
2% C2xy " A2

F=Cxv? (3.14)

(3.13)
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There are orifices at different position of the piston. Based on which the variation in
the damping occur. In User Defined Function of the ADAMS the stroke is divided in
the coding of the function. The input velocity is calculated using run-time expression
and the stroke will be changed and the necessary damping will compute. The
runtime expression in ADAMS provides the facility to compute the required damping

force.

3.4 Rotary damper

A rotary damper is also commonly known by the term ”Rotary Dashpot”. The air
medium is used for the purpose of damping. In present work, torque is applied as
resistive force. The run time expression is used in ADAMS for the simulation of
the model. The rotary air damper provide damping of relative low kinetic energy
per unit time in comparison with hydraulic damper. The damper includes housing
walls enclosing a circular working chamber and further includes a radial end wall
and a rotatable radial displacement body within the chamber, which radial wall and
displacement body sealingly cooperate with the housing walls. The walls have one

outlet orifice for air displaced by displacement body.

The displacement body displaces the air out through the air outlet during the main
part of its movement and then, after the displacement body has passed the air outlet,
compresses the air between itself and the radial end wall. During compression stage,

the rotation is damped.

Acyl xb

_ Bl *0 2 P2
360° % A, + Cg) * 2 %0 (3.15)

T=| :

The Equation is applied using user defined function in model and the 6 is

measured using run time expression in simulation.
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Dynamic Simulation in ADAMS

4.1 Introduction of Simulation software MSC

ADAMS

Adams is the most widely used multi body dynamics and motion analysis software
in the world. Adams helps engineers to study the dynamics of moving parts, how
loads and forces are distributed throughout mechanical systems, and to improve and

optimize the performance of their products.

4.2 Four Bar Mechanism Kinematic and Dynamic
Analysis

The objective of this analysis is to simulate the four-bar mechanism using ADAMS

and compare the analysis results with the analytical calculations.[11]

4.2.1 Input Parameters

The dimensions of the Four bar mechanism of interest are shown in the Table [4.1]

24
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Figure 4.1: Four Bar Mechanism in ADAMS

4.2.2 Analytical Calculations

Position Analysis

The position vectors are calculated analytically from Equation and
s=[rf 4713 —2%7 *k1Ty* 005(92)]1/2 (4.1)

2 2 2
ri+s°—1r5

B = arccos (4.2)
71 %S
2 2 2
1) = arccos k| (4.3)
2%7r3% S
2, 2,2
A = arccos TSt (4.4)

*Ty %S
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Table 4.1: Dimension of Various Links

26

Sr. No. Description Designation Value
1 Crank ro(m) 0.1016
2 Coupler r3(m) 0.3810
3 Rocker r4(m) 0.2794
1 Fixed link ri(m) 0.254
5 Crank Angle O (rad) 2.0944 (120°)
6 Input Ang. Velocity | ws(rad/sec) 94.2
7 Ang. Acceleration | as(rad/sec2) 0

Table 4.2: Position Analysis of Four Bar Mechanism

sim) | W A Bl
0.3172 [ 0.2810 | 0.8039 | 1.3804 | 0.9573

Velocity & Acceleration Analysis

The angular velocity on coupler and rocker is calculated using following Equations

A5} (.6

To % sin(fy — 6y)

(4.5)

= Wy *
Y3 T r3 * sin(fy — 03)

1o * sin(fy — 03)

Wy = Wy *

4.
T4 * Sin(94 - 93) ( 6)

The angular accelerations on coupler and rocker is calculated using following Equa-

tions [.7], [A.§]

—Tg * (g % SIn(0y — Og) + 79 x w3 x cos(0y — O) + 73 x W3 * cos(0y — O3) — ry * W3

4= T3 * Sin(64 - 93)

(4.7)

o % Qg * Sin(03 — Oy) — 1o % w3 % cos(03 — Oy) + 14 * w? x cos(f3 — 04) — 73 * w3

= T4 % sin(03 — 04)

(4.8)
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Table 4.3: Kinematic Analysis of Four Bar Mechanism

05(rad)

04(rad)

ws(rad/sec)

wy(rad/sec)

as(rad/s?)

ay(rad/s?)

0.522886

1.48015

17.70707

41.8954

1011.6253

-715.8928

Force Analysis

All dimensions of link lengths, link positions, locations of the link‘s CGs, linear
accelerations of those CGs, and link angular accelerations and velocities have been

previously determined from a kinematic analysis.

.

O O,
Figure 4.2: Dynamic Force Analysis of a Four bar linkage

Table 4.4: Inertia properties for Links

Link | Mass(kg) | Moment of Inertia I, (kgm?) | Location of CG of each link
Crank | 0.18262 0.00021534 0.0508, 0.0 deg
Coupler | 0.61854 0.00812523 0.1905, 0.0 deg
Rocker | 0.46002 0.00335034 0.1397, 0.0 deg

The linkage kinematic parameters are defined with respect to a global XY system
(GCS) whose origin is at the driver pivot O2 and whose X axis goes through link
4's fixed pivot O4. The mass (m) of each link, the location of its CG, and its mass
moment of inertia (IG) about that CG are also needed. The CG of each link is

initially defined within each link with respect to a local moving and rotating axis
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system (LRCS) embedded in the link because the CG is an unchanging physical
property of the link. The CG orientation within the link is defined by a position
vector in this LRCS.

The instantaneous orientation of the CG can easily be determined for each dynamic
link position by adding the angle of the internal CG position vector to the current
GCS angle of the link. The position of each link‘s dynamic parameters and force
locations with respect to a local, moving, but non rotating axis system (LNCS)
located at its CG. These kinematic and applied force data differ for each position of
the linkage.

1 0 1 0 0 0 0 0 0] [Fa
0 1 0 1 0 0 0 0 O Figy
—Rigy Riop —Rspy Raop 0 0 0 0 1 F3o,
0 0 -1 0 1 0 0 0 O Fso,
0 0 0 -1 0 1 0 0 Of * | Fuze| =
0 0 Ras3y  —Roze —Ruzy Ruzs 0 0 0 Fysy
0 0 0 0 -1 0 1 0 O Flaz
0 0 0 0 0 -1 0 1 0 Fiyy
i 0 0 0 0 Rsyy  —R3up —Risy Ris 0_ i Tio ]
| m2aG2g ]
maGaGoy
Jfertes!
m3ags: — Fpe
m3agsy — Fpy (4.9)

I(;g&;g — Rppry — prpr
maGGax

m4aGay

Iy — Ty
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4.2.3 Comparison of Results between Analytical Calcula-

tion & ADAMS Software

Force of link 1 on 2 (F12x & F12y):

2000
1000
— :____-
) 001002 003 0. 0. 0.06 —0.07 0.8 Force 12 x
Z -1000
§ / Force 12 x ADAMS
)
& -2000 ! Force 12y
-3000 / Force 12 y ADAMS
-4000 \V/
-5000
Time, Sec

Figure 4.3: Analytical and ADAMS Results for F12 x & y

Force of link 3 on 2 (F32x & F32y):

5000
4000 /0\
3000 b\ \
Force 32 x
Z 2000 \
§ I \ Force32y
°
@« 1000 & Force 32 x ADAMS
0 —— ——— Force 32 y ADAMS
—_— T ——
i) 0.01 . 0.03 .04 0.05 0.06 0.07 0.08
-1000 ~_/
-2000
Time, Sec

Figure 4.4: Analytical and ADAMS Results for Force Component
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Force of link 4 on 3 (F43x & F43y):

3500

2500 A
1500

, \ Force 43 x
2
[ —_—
g 500 ’ \ Force 43y
- =~ Force 43 x ADAMS
T —
-500 ¢ 0.01 0.02 \Ojrd 0.05 0.06 0.07 0.08 Force 43 y ADAMS
-1500
-2500

Time, Sec

Figure 4.5: Analytical and ADAMS Results for Force Component

Force of link 1 on 4 (Fl14x & Fl4y):

4000
3000 /"\
2000 % \
/\\ Force 14 x
= 1000 A\
b / \ Force 14y
1) — \
2 0 — N e Force 14 x ADAMS
02 0 (0] ;1 0.05 0.06 0.07 0.08
) 0.01 0 . . . . . .
-1000 }3\\]’ Force 14 y ADAMS
-2000
-3000

Time, Sec

Figure 4.6: Analytical and ADAMS Results for Force Component

Figure [4.3] to [4.6] shows the results for analytical solution and solution for ADAMS

for four bar mechanism. The results are found to be same for all parameters.
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4.3 Steps adopted for Simulation
The steps mentioned as under

e Import geometry from Pro-E

Define Material

Define joints and motion to individual components

Define flexible Connectors to measure dynamic characteristic

Post processing in ADAMS

The geometry of MSD drive refines in to PRO-E (solid modelling software). The
unnecessary parts are suppressed or removed from the assembly after refine. The

refined assembly is exported into parasolid file format.

When import Parasolid geometry, Adams/Exchange reads the file and converts the
geometry into a set of MD Adams geometric elements. By importing geometry from
standard CAD packages, reduce the need to recreate geometry primitives within MD
Adams, and ability to realistically view the behaviour of complicated mechanical

systems. It is important the imported geometry is currently open and displayed in

MD Adams.

Then Import the geometry in the ADAMS View software and again check the orien-
tation & position of the assembled components. Once it is imported without error

the material property is applied as an input.
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Table 4.5: Materials of Different Components
Young's
Component Material | Modulus, | Poisson‘s | Density,
Name Name N/mm?, | Ratio kg/m?
Spring Support
Casted Lever SG
Operating Lever Cast 169000 0.275 7100
Components . c
Opening Spring [ron
Bracket
Spring Support
Flexibl (S)urtlflr e Hot
exibie _ODUDG : Rolled | 206000 | 0.3 7850
Connectors Middle Close Spring
. Steel
Inner Close Spring

Joint selection is very important step to apply as a constraint to the model. The

behavior of the system during simulation is depending on the selection of the joints.

The following joints have been define between different components are list out in

the Table 4.7

The forth step is to define flexible connectors in which includes spring and damper.

Both mass and mass less characteristic we can include during the simulation. In

present simulation, mass-less spring is considered.

Table 4.6: Inertia of different components in ADAMS

Part Mass Ixx Tyy Izz
Name kg kg —mm? | kg — mm? | kg — mm?
Outer spring bracket 3.12E400 | 1.06E404 | 4.70E403 | 1.51E4-04
Inner & middle spring bracket | 8.72E-01 | 2.61E+03 | 1.03E+03 | 1.94E+403
Gear 5.13E4+00 | 4.93E4+04 | 4.96E4+04 | 9.51E404
Damper side wall 3.48E400 | 2.17E+04 | 2.08E+04 | 3.52E+04
Inner Spring Support 1.06E+00 | 1.21E403 | 1.26E+03 | 1.94E+03
Middle Spring Support 9.67E-01 | 9.99E+03 | 3.55E+03 | 7.20E+03
Main Shaft 7.21E+00 | 9.48E+05 | 9.48E+405 | 1.73E403
Cam 2.53E4+00 | 7.90E403 | 1.19E4+04 | 1.97E+04
Lever Assembly 3.75E+00 | 2.78E403 | 6.96E4+04 | 7.01E404
Operating Lever 3.27TE4+00 | 8.10E403 | 9.40E403 | 1.61E404
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The different components have the different inertia as described above based on im-

ported file format the ADAMS generates the inertia values for different components

are described Table

Table 4.7: Joint Details in ADAMS

Types of Joint Joint Between Components
Revolute Lever assembly Pin
Spring bracket Shaft
Link Lever assembly
Operating lever Link
Drive shaft Ground
Gear Damper Sidewall
Drive Shaft Pinion
Closing Latch Roller Closing latch pin
Lever assembly Main Roller
Fixed Wing Machined(2) Sealing Plate(2)
Limit Switch Arm(1) Connection Link
Limit Switch Arm(2) Connection Link
Limit Switch Arm(1) Limit Switch Wedge
Ground Connection Link
Translational | Piston Hydraulic Damper | Cylinder Hydraulic Damper
Contact Catch Operating Lever Tripping Latch Roller
Catch Closing Latch Roller
Cam Main Roller
Closing Latch Bearing Closing Latch Roller
Operating Lever Pin Hydraulic Damper
Damper Sidewall Bolt Gear
Gear Pinion
Operating Lever Pin Hydraulic Damper

The joints defined in ADAMS are shown in Table The proper orientation of

joint is required for simulation otherwise the mechanism will be lock up position or

failed to simulate.
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Results and Discussion

Spring Operating Mechanism(SOM) is a dynamic system to open and close the
circuit breaker in a voltage controlling system. Dynamic analysis is carried out

using multi-body dynamic simulation tool (ADAMS).

5.1 Steps adopted for simulation

Steps involved in the dynamic simulation is shown in Figure |5.1

Mahng e Bodies Joints Contacts Forces M"""’."
using Generation
Your design using Measures Sirmulation Animation Plots
Doresults
comparedwith
. measured data
Validate

Importing test data Superimpose test data

Your result by

Your model by

adin Friction Force Function Flexible parts Control System
| i |

\ 4

Your design through variation using parametrics Design variations

Figure 5.1: Simulation steps in ADAMSI[I]
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The drive mechanism is imported in ADAMS using parasolid file format. The im-

ported model is shown in Figure [5.2,

Figure 5.2: Drive Mechanism in ADAMS

The spring and damper characteristic are arrived either experimentally or by theo-

retical calculations. In this present simulation massless linear springs are considered.

Spring torque versus time is plotted in Figure and
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5.2 Middle Spring Plot (Torque Vs. Time)

newtorn-mm
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Figure 5.3: Middle Spring Torque vs Time

Middle Spring ADAMS Results

Torsional Stiffness (N — mm/deg) 2544.5138

5.3 Inner Spring Plot (Torque Vs. Time)
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Figure 5.4: Inner Spring Torque vs Time
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Inner Spring

ADAMS Results

Torsional Stiffness (N — mm/deg)

4223.3683

5.4 Outer Spring Plot (Torque Vs. Time)
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Figure 5.5: Outer Spring Torque vs time

Outer Spring

ADAMS Results

Torsional Stiffness (N — mm/deg)

15953.3783

The Figure [5.3] and shows applied torque is store in inner and middle spring

in clockwise direction. The torque stored is shown in Figure by outer spring.
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5.5 Damper Parameter

The damping force is linearly proportional to the square of velocity. The velocity
of the mechanism is defined using run-time functions. Here it is required to specify
mathematical relationships between the subsequent instant during simulation that

directly define the behavior of the system.

The following Equation shows the damping force syntax applied in ADAMS using

user defined function.

Damper Force = IF[ VARVAL(.tripping.d)-(z1) : IF] VARVAL(.tripping.d)-(xs) :
[F[ VARVAL(.tripping.d)-(z3) : (ks)*VARVAL(v)? , (k3)*VARVAL(v)? | (ks)*VARVAL ()2
I, (ks)*VARVAL(v)? , (k1)*VARVAL(v)?, (k1)*VARVAL(v)? , (k1)*VARVAL(v)? ]

tripping

35000.0

25000.0
20000.0

Force (newton)

10000.0

!
|
|
|
15000.0 | vy
|
|
|
50000 :
I

-
-
_________

00

-5000.0
002 0.0275 0.035 0.0425 005

Analysis: Last_Run Time (sec) 2012-03-28 10:39:36

Figure 5.6: Hydraulic Damper Force

The Figure [5.6|shows the variable damping characteristic of Hydraulic damper. The
Figure |5.6| shows the damping force during tripping operation. The damping force
reach first high value of 27500 N at the first orifice. Between location of two orifice
the force value is reduced. At second orifice the highest value of 32000 N obtained

and then reduces.
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5.6 Closing catch Contact Force Magnitude on

the closing latch

msd

40000

— Closing Catch & Roller_CONTACT Element_Force Mag

30000

2000.0

Force (newton)

1000.0

00

00 50
Analysis Last_Run

100 150
Time (sec)

20.0
2012-02-1901:49:20

Figure 5.7: Contact Force of Catch on Latch Gear

The maximum force of catch on the closing latch roller is 3666 N.This force is

maximum at the end of charging operation.

During the simulation maximum force at particular time is exerted on components

is list-out in the Table:

Sr. No. Part Name Maximum Force (N) | Time (Sec)
1 Spring Bracket 31.5404 3.2522
2 Catch 197.2599 1.7699
3 Middle Spring Support 11.7987 1.7699
4 gear and pinion 108.0072 4.8658

5.7 Cam and Roller Contact Force

The contact force between Cam and Roller is shown in Figure [5.8]

The contact force on the cam and roller is 72000 N.
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closing
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Figure 5.8: Contact Force Between Cam and Roller

5.8 Operating Time for Closing and Opening Op-

eration

In circuit breaker the closing and opening time are very important.
Closing Time: The closing time is the interval of time from energizing of the closing
release (e.g. closing coil) for a circuit breaker being in open position and the instant

when the (arcing) contacts touch in all poles.

Opening Time: The opening time is the interval of time from energizing of the
opening release (e.g. opening coil) for a circuit breaker being in closed position and

the instant when the (arcing) contacts have separated in all poles.
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5.8.1 Closing Operation
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Figure 5.9: Closing Operation

During this operation the The total time taken by moving contact while extend-

ing from its bottom position to extreme position takes 55 millisecond is shown in

Figure 5.9

5.8.2 Opening Operation

trip
100.0

Length {mm)
2
=

—Tripping Curve { 38ms)

0.0 0.0098 0.0195
Time (sec)

0.0293 0

Damping Time =17 ms

1039

Figure 5.10: Opening Operation

The total time taken by moving contact while extending from its extreme upper

position to bottom position takes around 38 millisecond shown in Figure [5.10
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5.9 Stress Analysis of Drive Component

Following Figure [5.11] are the steps to carry out flexible analysis in ADAMS. Many
engineering components are rigid because their deformations and distortions are

negligible in comparison with their relative movements.

Model Beutral I::>Builgti?'ﬁ; 1your
File (MNF) Model

Step: 2

MSC ADAMS Setup Flexible F?tffp: 3
Model Body for S
Simulation

Simulation

Step: 4
Review
Simulation
Results

Figure 5.11: Steps Followed for Flexible Analysis in MD ADAMS

To convert flexible part, meshing of the model in ANSYS is carried out as shown in
Figure To define joint in ADAMS, rigid coupling is required in mesh model.

Mass 21 element is used for rigid coupling to transfer all joint load to part surface.

IANSYS

Figure 5.12: Mesh model of Cam in ANSYS

Now mesh model is used to create a modal neutral file (.mnf) and import it to

ADAMS environment. After importing mnf file shown in Figure, Apply the joint at
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Figure 5.13: Flexible Cam in ADAMS

the rigid coupling and simulate. The hot spots are locations of high stress or strain

on a flexible body or rigid stress object.

5.10 Cam and Roller Flexible analysis

closing
150.0
==Cam (Von mises Stress)
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N Pl
H o
. 100.0 ’«\f ]
£ ! }
§ Il |
2 50 ) 'l
= / |
o] a4
5 i !
% 00 A= . =N |
o

500 w ; w

00 0.0136 0.0272 0.0407 0.0543
Analysis: Last_Run Time (sec) 2012-03-24 141314
Figure 5.14: Cam Roller Stress versus Time
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closing
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Analysis: Last_Run Time (sec) 2012-04-06 13:29:19

Figure 5.15: Cam Roller Strain versus Time

5.11 SFy; Puffer Circuit Breakers

In the S Fg puffer, the gas pressure for the cooling blast is created during the opening
stroke in a compression cylinder. In the opening operation, the compression of the
gas will start at the same time as the contacts start their motion. The compressed
gas is blown out through an insulating nozzle in which the arc is burning. Figure
shows the function of a puffer interrupter. The insulating nozzle is normally
made of PTFE (Teflon).

5.11.1 Puffer Movement

The puffer pressure during the opening operation can be seen in Figure [5.17. The
puffer pressure is measured. The stroke for the first case is 25 mm, 35 mm for the
second case, 45 mm for the third case. The locking pressure will found out by the

simulation.
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Force (newton)

Nozzle
High voltage terminal
Main contacts
Upper current conductor
Arcing contacts
Refill valve
Puffer volume
Lower current conductor
High voltage terminal
® | I Operating insulator
T T
|

Figure 5.16: Main Components of the puffer interrupter
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Figure 5.17: Puffer Pressure
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Chapter 6

Conclusion and Scope of Future

Work

6.1

Conclusion

Input data charging time and torque is obtained by calculation for gears and

spring.

Damper is mathematically modeled for variable orifice diameter and its loca-
tion. An equation to find force is obtained and it is converted into algorithm

for software calculation and results are within limits.

Multibody dynamic simulation is carried out for MSD (Mechanical Spring

Drive) mechanism.
The results for spring from analytical solution are found to be same.

As cam-roller and catch assembly is important for tripping operation the forces
are obtained for these components. Further FEA is carried for cam by defining

flexible body in software. The stresses are within limit.

The hydraulic damper and rotary air damper are modeled in the ADAMS.

The pressure generated inside the hydraulic cylinder is verified.

46
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e The displacement of moving contact is for both opening and closing is obtained

from software. It is found to be very close with reference curve.

6.2 Scope of Future Work

e Fatigue analysis of drive components can be carry out to evaluate reliability

of components.

e Optimization of the drive performance by changing the spring and damper

orifice position.

e Detail mathematical modeling and programming of Rotary air damper in

ADAMS.



Appendix A

245 kV CB Reference Curve (Closing Operation)
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Figure 6.1: Closing Operation reference curve
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245 kV CB Reference Curve (Opening Operation)
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Figure 6.2: opening Operation reference curve
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