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COURSE GOALS

Learning Objectives

By the end of this session, students will be able to:

Define SHM

Understand periodic motion with proportional restoring force

Mathematical Model

Apply equations for displacement, velocity, and acceleration

Mass-Spring System

Analyze classic SHM example with natural frequency

Energy Conservation

Understand kinetic and potential energy transformation

Phase & Frequency
Apply relationships between period, frequency, and phase angle
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Il SHM Motion Characteristics

Simple Harmonic Motion

§ Displacement Velocity 4 Acceleration



Recap: Mechanical Vibration Terminologies immgopacon

Key concepts from previous session

“Ir  Basic Motion Terms @  Measurement Terminology

x - Displacement (m) RMS - Effective value
v - Velocity (m/s) Peak - Maximum value

. Accelerometer sensor
a - Acceleration (m/s?)

Frequency spectrum analysis

|~ Wave Parameters o
@ Key Relationships

A - Amplitude f - Frequency (Hz)
T - Period (s) ¢ - Phase angle Frequency & Period
T=1/£
%4  System Characteristics Angular Frequency
o =2nf
®, - Natural frequency
- Damping ratio
¢ pine Natural Frequency

Resonance phenomena

o, = V(k/m)
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What is Simple Harmonic Motion?

Fundamentals of periodic vibratory motion

Definition )
9 CORE CONCEPT ¥l SHM Motion Patterns

Simple Harmonic Motion

displacement and acts in the

F =-kx

Key Characteristics

1 Sinusoidal Motion

Displacement varies sinusoidally with time

Constant Period
Time for one complete cycle remains constant DISPLACEMENT VELOCITY ACCELERATION
X = A cos(mt) a = -Aw? cos(wt)
3 No Energy Loss
Ideal system with zero damping (£ = 0)
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MATHEMATICAL MODEL ; -

Mathematical Representation of SHM s

Equations describing displacement, velocity, and acceleration

Displacement I1r Phase Relationships
Position vs Time
DA
X = A COS(O)t + (P) é‘ NZ %c NZ time
®
@ Reference ¢=0att=0 -
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Velocity
Rate of Change ] /\ /\
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acceleration a

v =-Ao sin(ot + @)
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@ +90° Phase Leads displacement X v a
Reference Derivative 2nd Derivative
0° phase +90° phase +180° phase
Acceleration

Second Derivative

a = -Am? cos(ot + @)
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Mass-Spring System: Classic SHM Example s

Fundamental model for vibratory systems

AIA Hooke's Law

Restoring Force

& System Configuration

B0 Fyprrg F
ELULLLTLLI —— kx

Force proportional to displacement

: ; Speing Foroe pulls mass to the befy  Faos
Dmmm when maisis displaced tothe o
[ right of the refaxned position.
o x
: Spring Force pushes mass ta the P nr Natural Frequency
e right whian displaced ta the left of f—
| T the relaxed position System's Inherent Frequency
MASS SPRING CONSTANT _\/
o . ®, = V(k/m)
Angular frequency rad/s
U4 System Parameters
Equation of Motion
Stiffness (k) N/m Differential Equation
Mass (m): kg

mxX +kx=0

Damping;: Zero (ideal)



Energy in Simple Harmonic Motion oo

Energy conservation and transformation in vibratory systems

« Energy Transformation
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# SHM :
= ,mv2 !
KE =2mv i
. e . KE = mwar KE=D EErnome EE=0 KE=mom
Maximum at equilibrium V = Vmax PE=0O FEmmeck: PE=D PE=mas PE=D
KE PE
ux Potential Energy Max at x = 0 Max at x = +A
Stored Energy Zero at x = +A Zeroatx =0

=1 2
- / 2kX OO Energy Conservation: KE + PE = Constant
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Phase and Frequency in SHM

Temporal and phase relationships in harmonic motion

—

o+ Phase Angle (¢) S’ Phase Space Trajectory

Initial Position

¢ = oto + Qo

d=0 d=T11/2 O =TI
Start at A Start at -A

Frequency (f)

Cycles per Second

f=w/2n

Units:

TRAJECTORY AREA
Period (T) Closed Ellipse
Time for One Cycle Periodic Motion Conservation

T=2n/® « Phase Space: Plots velocity vs. position
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Simple Harmonic Motion Mind Map e

GenAl-generated conceptual framework for SHM analysis

4 ) 4 )
©® Definition & Characteristics v/x Mathematical Equations

F = -kx - Restoring force proportional x = A cos(ot + @)
to displacement
v =-Ao sin(ot + ¢)
Sinusoidal motion pattern
a=-Aw? cos(wt + ¢)
Constant period (undamped)
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=~ Phase & Frequency & SHM Examples
f=®/2n - Frequency (Hz) Mass-spring system
T = 2n/w - Period (s) . Simple pendulum
¢ = ot + @o - Phase angle Vibrating string
Phase space trajectory LC circuit (electrical)
— I
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Recap & Summary

Essential SHM concepts for vibration analysis

M Key SHM Concepts

Restoring force F = -kx Sinusoidal motion

Constant period T Energy conservation

Phase angle ¢ Natural frequency o,

Vx  Key Equations

x = A cos(ot + @)
v =-Ao sin(ot + ¢)
a=-Aw? cos(ot + @)

@y = V(k/m)

»»  Next Topics

Damped Harmonic Motion

Forced Vibration Analysis

Multi-degree-of-freedom Systems
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