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Abstract

The objective of this projectwas to design a dynamic suspension systenthat
i ETEI EUAO OEA OAOOEAAI 1 OAEI 1 AQGEIT1T O rbae OEA
conditions. A series offive modules were designed to achieve this goallhe modules
generate a force similar to the effects of a uneven road that creates oscillations in the
vehicle® body. The vertical velocity of the body was calculated and processedthrough a
controller to achieve the required signal to suppressthese oscillations. This processwas

implemented through the use of electromagneticcircuitry.



Executive Summary

The main goal of this project is to design a superior suspension system for the
automobile market. Due to the restrictions of the common vehicle suspensions systems,
there is a need for a more reliable anefficient systems. Our research shows that there
exist active suspensions systems that adapt to the road conditions instantaneously and are
highly efficient but are also high in cost. Due to these factors we created a new suspensions
system that uses dynarnt electromagnetic shock absorbers. The system performance is

efficient, affordable and performs the tasks established by the goals of this project.

The mechanism and theory of the current suspensions system was analyzed to
achieve abetter understanding. A mechanical representation of a suspension system was
designed kased on these analyse€oils and magnets werencorporate in the designof this

model necessary to achievan electromagnetic shock absorberThe dynamic equations of

the system were derivedusii ¢ OEEO | 1 AAl AThAse eqglatiddd reptesent] A x O

the reaction of the suspension system to the inconsistency of the road. Through them the
equivalent electrical circuit of the suspension systenwas drawn. Analysis of this circuit
was doneusing the PSPICE simulation program to achieve a better understanding of how a
suspension system reacts to different types of road conditions. These analyses were
essential to determine the necessary reforms that the circuit needed to achieve constant
stability. The information was used to design a new electrical circuit that represents our

dynamic electromagnetic suspension system.

This circuit helped us identify the necessary modules to achieve our desired results.
These modules were represented in a blocliagram to better understand the composition
of the system and the necessary steps required. There are four main modules in the block
diagram shown in Figure i: Detailed Block DiagrarRoad Condition, Signal Conditioning,
Controller, Current Driver and the AC to DC ConvertefThe road condition module is used
to simulate the different conditions encountered on the road. Through the use of an
oscillator and a transistor a triangularwave current was produced that gave thenodel a
certain movement to a desired frequency.The signalconditioning module will record the
acceleraion of the model and represent itas a voltage signal. With the use of an integrator
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circuit the signal will be converted to give OE A | T AoBity. &lds isChEn used in the
controller module where it is modified to drive an HBridge. The modifications of the signal
include amplification, integration and pulse width modulation. The FBridge is connected

to the damper coil and the signal that it supplies is respnsible for attaining constant
displacement of thel T AAT | AOOT I T A Eitcditd Of sdme AfUH@sk: mddilds
requires to be supplied with DC voltage. In this case the AG-DC converter module is used

to change the AC voltage that is supplied by ¢hwall outlet to a required DC voltage. The
description of each individual module includes circuit design, analysis and simulation with
the help of programs such as MULTISIM and PSPICE. Also included are the physical

requirements of each individual moduleand their prototypes.

The simulation results obtained for the overall system were positive and the system
seems to behave almost as desired. The following report outlines more detail descriptions
of the design process and results obtained for the dynamidestromagnetic suspension

system of an automobile.
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Introduction

There are different componens that make the automobile performance reliable and

secure for the driver. Even though the customer is attracted to how powerful the car is or

how fastitAAT ¢i h EO x1 Ol A AA 11 OEel ¢ EA OEA AOEOA

reliable suspension system is craial in the engineering of a vehicleThe important tasks
that this systems should accomplish is to support the vehicle weight, isolate thi®dy from
the vibrations caused by the unevenness of the road and keep a firm contact between the
tires and the road. Most suspension systems are composed of springs and dampers which
limit the systems performance due to their physical constraints. Theseestrictions apply to
the systems parameters which are fixed and are chosen on the typical operation of the
vehicle and the safety of the passengers. Therefore the quality of the vehicle comfort is

restricted.

To resolvethese problems different types of suspensionsystems have been created.
The most reliable are the activesuspensions systems. These systems adapt to the road
conditions instantaneously due to the use of sensors. Microcontrollers are also used to
store the control gains corresponding to vamwus conditions of the road. Although they are
highly efficient, the use of these systems is limited to few expensive models due to their
high price. There are also medians of these twsuspensionsystems that are less expensive.
In these semiactive systens, an active force generator is replaced by a damper that can
vary its characteristic with sufficient speed. However these systems are not adapted for

low frequency inputs as well as breaking, accelerations and cornering maneuvers.

This paper deals witha new suspension system that uses a dynamic electromagnetic

OEl AE AAOT OAAO8 7EOE OEA OOA i1 &/ A1l AAOOITEA
i T 6OAT AT O AT A AAAPO OEA OAEEAT A Oi 1 AET OAEIT

will stay at the same vertical position at all times regardless of the road conditions. This
system is a modification of the suspension system already used by the vehicle. If the
electrical circuitry loses power or has a malfunction, the regular suspension system will

work normally. Analysis of the behavior of this system is done using a variety of changes in

~
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the parameters to achieve maximum efficiency. Ti& model is applied to each individual
shock absorber. This paper provides in details with the behavior of this syam in different
types of road conditions to assure its efficiency and reliability. The system will have a low
cost and will be controllable (1)



1. Electrical Transfor mation of the Suspension System

The mechanism of a genericshock absorber is shown in Figure 1.1 . The
components of the shock absorber are attached at the end of a piston rod that works
against the hydraulic fluid of the pressure tube. While the suspension system moves and
down the hydraulic fluid is forced through tiny holes inside the piston creating a damping
effect on the movement. This will reduce the speed of the piston which as a result will slow
down the springs and the suspension movement reducing the effect these vibrations on
OEA OAEER) A6O AT AuUs

Piaston Check

¥ Eully Threaded
Outer Body

Figurel.1: Shock Absorbef2)

This concept is aplied to the construction of a new model. Analysis and
construction will be done for only one wheel of the suspension systems to simplify the
problem to a one dimensional springdamper system. The diagram of a general suspension

system is shownin Figure 1.2.
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Body Mass

-

FHgure 1.2: Generic Suspension System representation
OUOOAI EO OAPOAOGAT ®faAd EI
K2), damping coefficients(d: and &) and masses of the body and suspemsi system(Mp

and Ms). The new model was drawn and built baed on this representation The Figure 1.3

TEA OOODPAT OEI 1

shows the mechanical representation of the model with its components.

A
v

Body Mass Kb

[T coil 2 ] L
k2 d2 L‘J
bt N |
Suspension Mass Ms
* L s 1
k1 d1|-|
[..] Coil 1 [=x]

Figurel.3: Mechanical Representation of New Suspension System

The suspensionsystem includes among the common parameters twaoils (coil-1
and coil-2) and permanent magnets The excitation coil (coit1l) producesthe road vibration
while the damper coil (coil-2) producesthe control force that will keep the vehicles body

from moving. The coils are of copper material. The parameters dfie suspension model

and their values are:

0 O= WIOMOQEQA G = 1.870Q

O = @O {6i NI 4dii = 16700
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T = (N QUEE T 06E 0&"Q) "WXNGE QENQ= 16000/ &
= iNQQELI 00E 08T 6i NG = 14000/ a
Ql = Qo N QEE | 00E 0&"°Q) "WXNCE QENQ= 100/ &
@ = QN WEE I O0E 0N 6i N8 = 150/ &
= TNCTEH ‘G OE"d 6 NG €2
M= TONCTEN G O£ QYOS 6 Qo
The mass of the suspension and the vehi@ebody were measured using a regular
scale. To measure the spring constants an apparatuss usedthat graphed the masses

that we attached to the spring versus the spring displacement. Sind@®@= "@o= & "Q where k

is the spring constant, x is the displacement and g is the gravitational constanthe ratio

obtained isi—iz % Therefore; the slope of the graphis multiplied with g to get the value of

the spring constants. The values of the damping coefficierst are chosen to achieve a
minimal oscillation in the vehicles body. Different suspension systems have diverse

damping coefficient which depend on the type of terrain the vehicle is used.

The unevenness of the road will give the wheel a vibration. Thisbration will be
represented as a forcéOo , that will disturb the equilibrium of the system. In our model
the road conditions will be simulated and represented as a current signal which will be
applied to coil-1. In the following the existence of O0 is assumedin the sysem to derive
its counteractive forces. This will helpto derive the differential equations necessary to
represent this system as an electrical circuit. To fditate the understanding of these
derivations the free body diagramswere constructed for each of the masses withthe
corresponding forces that are acting upon them. These diagrams are shown in thigure
14.

12
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Ms

[ A
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Figurel.4: Free Body Diagrams of System

The forces acting on thesuspension system shown above antheir descriptions are
listed in Table1.1.

Tablel.1: Forces acting on Ms and Mb and their description

Ms: "006 = "@i COQ% SMOE'WE A £ WM £

QO = "@i GNE"QIMN0 "CAXHI /i "'©'Q= "Q 2 TONELEH R o

Q0= "1 6NE QMO AHAB N'QO= QX N F U XD

Didy= "BICRE QMG NI {6 6B = & i 2 CradB) e

QO O = "QiaEWMI 6 NI i N Q0= Q 2 TNk G o

QN O = "@IEQMI 6 NG W N0 QAW 'R VR
Mb: Q@ & = "@icEQMI6INEI"eEin"eQ

QO O = "QIEWMI6iNEIE T NEQ

0 Cd= "@i GE"WMAE I i £ " WMUTBOGE QAo

The k. and k> represent the spring constants of the systemErom the free body

diagrams and the knowledge that to achieve equilibrium the sum ofldorces must equal to

zero,the equations ofthe motion of a suspension systenare derived.
00 =0i+ AX+ A+ QR D O+ D ® (1)
Dad=120 O+ RO & (2)
Equations (1) and (2) are similar to the ones used to describe the sum of the
voltages in an electrical circuit that consistsof resistors, inductors and capacitors. The

supply voltage of the circuit is the F(t) force sincét is the one responsible for the presence

of the others. If the main currents of the systenwere represented as & GE'Q® then the

13



electrical circuit will be a combination of resistors capacitors and inductors connected in
series and parallel with each other. The voltage drop across a resistords= "G 'Y and since
'O= wel wthen the damping coefficients will beresistorsin the electrical circuit. The same

knowledge was appliedto the other variables of the equations. Knowing that the voltage

drop of an inductor is®= i)%oand of the capacitor isw = 1 "Othe masses of thesystem

6>v
were represented as inductors and the% as capacitors where k is equal to the spring
constant. Therefore from the equations abové was possible toderive an electrical circuit

to demonstrate the movement of a vehicle suspension system. Tleguivalent electrical

circuit schematic of the systems shown in Figure 1.5.

. [ A
11
Ms 1/k1 d1
. d4z
X )
Fit) Y Mh
%mcz

Figurel.5: Electrical Representation of the Suspension System
This electrical circuit will help to derive areliable control system that will achieve
stability for the body of the vehicle regardless of roadconditions. This means that
modification will be done to the circuit so that the current@is minimal. The analysis and
simulations of this circuit for different types of road conditions were done using the PSPICE

program. The circuit aboveis convertedinto the appropriate Codel used by the program

Codel: PSPICE Code of the Electricatt

Suspension System

Vroad1l O PULSE(OV 1V 1s 1us 1u s 20s 40s)
Ckl 1 2 0.000714285714

Lms 2 3 1.6

Rdl1 3 4 10

Lmb 4 0 1.8

Ck2 4 5 0.000862068966

Rd2 5 0 15

.PROBE

.TRANG6 6 0100m

.END

14



First the suspension systenis given a step input for the F(t). The input signal and

the current that goes throughthe inductor My is show inFigure 1.6.

1.250

1.000 o

ou(1)

-

o,
L

<

s
o I(Lnb)

Figurel.6: Step Input signal F(&nd Current through Inductor M, f

Figure 1.7 shows that the step input of the road (F(t)) will produce large vibrating
velocity to the vehicles body(&). The & velocity will slow down and it will take up to 4
seAT T A0 £ O OEA stopintoding Which i©a Iénly thre. Néxiis shown how the
circuit reacts to an impulse signal. Thé&(t) signal will represent a bump in the road and the
results describe the responseof the suspension system. The code in this case will remain

the same excepfor the input voltage which is written in Code2:

Code2: Impulse Signal Representing a Bump in the Road

Vroad 1 0 PULSE(OV 1V 1s 1lus 1lus 0.5s 40s)

The response of the system due to thiinput is shown inFigure 1.7.
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8.50!

SEL>>
8.25y

o v(1)

-II-III-=._

I

o5 1.0s 2.0s 3.0s 4.0s 5.05
o I{Lnb}
Tine

Figurel.7: Impulse Input Signal &) [ Kt)] and Current through Inductor Mb(Lmb) [, h

The figure shows that the system will ave a greater vibration in the beginning but
the time of recovery will be slightly different.

An important parameter to calculate is the resonance frequency of the systerm
this frequency the suspension system oscillates at its maximum amplitud&his frequency
is used to coordinate thecontrol system to givea signal that will revolve around thisvalue.
To find this frequency anAC analysisof the circuit is doneusing PSPICE. To determine the
resonance frequency, the system is fed with a sinusoidal seg voltage that ranges from
the smallest to the highest possible frequency thathe system is expected to operate on.
The Code3 for this type of analysis is shown

Code3: Frequency Analysiof the Suspension System

Suspension System
Vroadl 0 AC1

Ckl 1 2 0.000714285714
Lms 2 3 1.6

Rdl1 3 4 10

Lmb 4 0 1.8

Ck2 4 5 0.000862068966
Rd2 5 0 15

.AC OCT 1000 0.0001 15
.PROBE

.END

The current that flows through inductor Mb vs. frequency ishown in the Figure 1.8.

16



o I{Lmb})

Figurel.8: Current through Mb with Respect to Frequency

The graph above shows in distinction the value ahe resonance frequency when
the body of the vehicle achieves maximum oscillation. The system will resonate at around
2.7Hz and at this frequency the velocity of the vehict oscillations can grow up to 0.1m/s
with a force of just 1Npeak produced by theroad.

The results ofthis section are necessary in the development of the control system
used to eliminate the vibrations of the vehicles body. The electrical circuit derived will be
used in the following sections as a reference for the different typed aircuitry needed to
achievethis goal.

17



2. System Design: Block Diagram

After analyzing the system an overall block diagram was designed to have a general
view of the signal flow of the shock absorber system. This signal path was designed based
on the mechanical system previously shown. The overall block diagram of the system
design is shown inFigure 2.1. Specific parameter for each of the modules will be provided

in a later section.

Road Condition

Road Effect
Signal

Signal
Conditioning

Velocity

Signal AC to DC
" Converter

Controller

Control
Voltage

. DC Voltage
Current Dirver

A

Controlled Current

\ i

Coil

Figure2.1: Overall Block Diagram

The road conditionmodule generatesa force similar to the effects of a bumpy road.
The signal condition module record the movement provided by the road condition module
and provides a modified output signal. This outputis processed by the controller to achieve
the necessary control signal. The current driver usethis signal to control the current
flowing through the coil. The controlled current flowing through the coilwill then cause the
necessary effects to opposite the force produces by the road condition module. As a result,
the body of the vehicle will not have any vertical movement regardless of road conditions.

The ACto-DC converter module is used to supply theecessary power to the system.
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3. Road Condition Module

Different road conditions simulations are neededd help corstruct a control circuit
for the suspension system The roadsystem has to produce a variety of forces at different
frequencies. The road condittns module will be connected tahe excitation coil (coil-1) of
the lower block. The module will create a signal similato the effect of the road on tle
suspension system and will be controlled by a current source flowing through the
excitation coil. A manetic field is created around the suspension mass,sM due to the
interaction between the magnet and the electric field generated dhe excitation coilwhen
current flows through it. When those fields enter into contact, they attract each other if the
polarities are opposite and repeal if the polarities are equal moving theodel accordingly.
A DC voltage supply is used to supply thisircuit and the coil with the necesary current

and voltage Figure 3.1 shows ageneric representationof this system.

T Body Mass Mb
¥ [T coit 2 [ ]
Road Condition K2 a2 L"J
X L ‘ Suspensi«:br:l Mass Ms ‘
L5 1
k1% di| -
—F ] Coil 1 [+ ] HJ

Figure3.1: Road Condition and Its Corresponding Connections

3.1 Prior Art Research

After an extensive research, many useful way and tecigues were encounteredto
implement the Road Condition module. A function generator or oscillator is necessary to
generate the varying signal This circuit will produce a variable sine, triangular or
rectangular signal to represent the different road condions. The current flowing through
the excitation coil can be controlled by connecting a transistor in series with it. The
transistor can then be driven by the output signal of the oscillator which can be manually

or automatically adjusted.
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3.1.1 Oscillator

Different types of oscillatorswere taken into considerationfor our system.First the
rectangular oscillator was tested. This oscillatordid not work properly for this application
due to the fact thatduring the high or low states, the step responseamainedconstant for a
period of time. This causd a large amount of current flowing through the coil consequently

sinking most of the voltage supplied by the DC power supply.

Many methods and IG were found that generated a sine wavesuch as adigitally
controlled sine wave generator. It was able to produce an accurate sine wave with an
adjustable frequency. Thisgenerator however, required different IC components to
produce the desired output which were expensive and not simple to implement. The

system sdiematic required to produce the sine wave generator is showm iFigure 3.2.
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Figure3.2: Digital Controlled Sine Wave Generat(8)

After a more carefully analysis of the systent was concluded that a triangular wave
was more suitable to implement as part of the road condition moduleContinuing with the
research, many techniqueswere found to generate triangular waves.Onetriangular wave
generator technique in particular called the attention. It only uses two opamps, one
capacitor and a few resistors. This means it W be inexpensive andvery simple to
implement. From the generic schematic shown ifrigure 3.3 it is clear that this particular

wave generatorseemsto be appropriate for the system
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Figure3.3: Generic Triangular Wave Generator

This triangular wave generator can be implemented with wo main circuit blocks.
Oneis an integrator circuit which is composed of one o@mmp, one capacitor and one
resistor with a negative feedback configuration. The second circuit block is a comparator or
similarly known as a Schmitt Trigger which is compose@f one opamp and one resistor
configured in a positive feedback. Theesult of combining those two circuit blocks gives a
triangular and a square wave. The triangular wave is the output of the integrator circuit

block and the rectangular wave is the outpuof the Schmitt Trigger circuit block.

The configuration of the Schmitt Trigger consists of an epmp and a resistive
voltage divider connected in a positive feedback path. The negative input of the-amp is
connected to ground. When an oj@amp is conneted for positive feedback, its output can be
either high (positive) or low (negative) if there is a slight change in M. When the opamp is
connected to the voltage supplies +¥ and -Vss, only two stable statesare expectedfrom
this op-amp configuration. When the input voltage exceeds few positive mV the output
voltage becomes positive. When the input falls below a few negative mV the output voltage

becomes negativeThe Schmitt trigger and its output are shownn Figure 3.4 .
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Figure3.4: Schmitt Trigger Circuit and its Output

The configuration of the integrator consists of an o@mp connected with a
capacitor in a negative feedback loop. The signal is enteredtanthe negative input of the
op-amp which is connected to a resistor. The positive input of the epmp is connected to
ground. When an opamp is connected in a negative feedback with a capacitor the output
signal is the integral of the input one. This ocaes becausethe capacitor current and voltage
change with respect to time. This means that if we add a constant positive voltage to the
input, we expect to see a ramp with positive slope as time changes at the output. An
example of the integrator operationis shown in Figure 3.5 when a square signal is applied
to its negative input while the positive input is connected to ground.

INTEGRATOR
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Figure3.5: Integrator circuit and itsoutput

The combination of these two circuits gives an overall operation thas ideal for
application in the system. The expected behavior of this oscillator and its diagram are

shown in Figure 3.6.
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Figure3.6: Triangular Wave Generator and its Outputs
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3.1.2 Controlled Voltage Source

After careful analysisit was concluded that a transistor is able to control the cuent
needed to drive the excitation coil.A Bipolar Junction Transistor (BJT)will be able to drive
this current efficiently. The design of the road condition module isdescribed in the

following section.

3.2 Road Condition Block Diagram

Using the information gatrered from the previous sectionthe block diagram of our

Road Condition module is shown idrigure 3.7.

Road
Condition

Triangular Oscillator

Voltage Controlled Source

Coil

Figure3.7: Road Condition Block Diagram
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Using this diagram and the informéon gathered we constructed our module to
simulate the road conditions in our model. In the following we will describe the design and

construction of each of the submodules.
3.2.1 Oscillator Design

As we discussed in the previousectionsa triangular wave generator is going to be
used to represent the road conditions of the systemTo achieve thisit was concludeda
circuit that consists of a Schmitt trigger and an integratoneeded to be constructed From
the previous analysisthe resonance frequencyof the system was found to be aroun@.7
Hz. Therefore thefrequency range of the signalsshould include this value. Also the output
signal was chosento have maximum amplitude of 10V to limit the number of pwer

supplies. The circuit of thetriangular wave generator is shown in the~igure 3.8.
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Figure3.8: Final Triangular Wave Generator Schematic

The components of the circuit are supplied by a 10V DC source lalelgcc The
negative rails of the opamps are connected to ground to limit the number of voltage
supplies to one. Due to this change a 5V DC reference voltages addedto the negative

input of the Schmitt Trigger and to the positive input otthe integrator to represent virtual
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ground. This means that the oscillations will be riding at a 5V DC. The resistors &d R

are used as a voltage divider to achieve this desired voltage fraime 10V DC source.

Two potentiometers were added b control the amplitude and frequency of the
output signal. Potentiometer Rx in series with the resistor R will achieve variety in the
amplitude of the oscillations The maximum value of Rx AO AET OAT O AA vEL
maximum frequency range of the output signal to 20 Hz. In order for the circuit to generate
oscillations, the conditon (R+Rq k1 2p E O O AdNirégaendy Aquakidh siOwn in
Equation (3). This means that wherpotentiometer R; is off, the minimum value of (R + R)
E vEL OEAOAAI OA |1 AAOETGROEAI QANOEOAAT ADAAEOED
4)

N1 4
e e ©

Potentiometer R: was added in series with the resistor R to vary the frequency of
the signal The maximum value of REO AET OAT O1T AA p-11 O 1EIEO
range of the output signal to 0.244 Hz. The same reasoning was used to determine the
values of R and Ri.. The capacitor G was chosen 1pF to allow the circuit to work in low
frequencies. Calculations of these frequencies usinfe frequency equationare shown

below.

Whenthe potentiometer R E v + LI d,

o ! KT SKO) ey
min 4. (1 pF)- (1 MQ + 25 KQ) 5KQ

- 1 . (5KQ + 5KQ) 20
max— 4. (1uF)-(0Q + 25 KQ) 5KQ

Whenthe potentiometer R E 1t LI d,

fo.o= L . (5K2 + 00) =0.244 Hz
mn 4. (1 pF)- (1 MQ + 25 KQ) 5KQ

o= 1 . (5KQ+ 0Q) o
max- 4. (1uF)-(0Q + 25KQ) 5KQ
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Simulation Results

The results above wee usedto simulate the triangular wave oscillator. To verify the
proper operation of this circuit both potentiometers were setto their maximum values and
simulated for about 500mS.The signalat the outputs of the Schmitt Trigge and integrator

are shown in Figure 3.9.
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Figure3.9: Wave Generator Simulation Outputs of Node& NodeV7

The figure shows that the desired voltage waachieved.Oncethe proper operation
of the circuit was proved, ts maximum and minimum frequencieswere testedwhen R, =
v + LIThis time onlythe output signal of the circuit was observed The results obtained are
shown in Figure 3.10. The simulations shoved that "Q¢ € 0.4 QXGEQ QR € 20 "Qxwhich

are the same frequencies estimated by thigequency equation
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Next the circuit was testedfor varying amplitude. This time potentiometer R, was
adjusted. The results are shown inFigure 3.11. The simulations showed that as Rwas

adjusted, the amplituce of the output signal changed with respect to time.

Varying Aniplitude at Low Frequency Varying Amplitude at Max Frequency
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Figure3.11; Varying Amplitude at Min & Max Frequency

The resultsof the simulations also show that the circuit will perform efficiently and
give the adequate signal to be used bthe current controller. Examples of different output

signals due to randomly adjusting the twgotentiometers are shown inTable 3.1.

Table3.1: Varying Amplitude at Different Frequencies

Road Simulation Final Ouput Road Simulation Final Output
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Prototype

Research for the components needed to build the circuit was done aftére desired
behavior was obtained from the simulation results. These componentswere located
through the use of websites like Dig-key and Mouser. TheTL082 op-amp is shownin
Figure 3.12.

Figure3.12: TLO82 opamp (4)

The behavior of the output voltage with respect to different loads and the bode plot

diagram of this component are shown in théigure 3.13.

Figure3.13: Characteristics of TL082 eamp (4)

4 EA 153al15Kkg AT A 38LNIUVMEQG)potentiometers that we needed for the
circuit are shown in Figure 3.14. The complete oscillator circuit including all its

components isalsoshown in Figure 3.14.
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