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1.0 Introduction

1.1 StatementofNeed
The Global MachineSafetySystemsGMSS group expresseda needfor
an audio sensorto determinethe statusofthe speakersin the Accelerator
String Test Facility ASSD. Thuseliminatingthe need to sendpersonnel
into the enclosureASST to inspectthe speakers.

1.2 The requirements for the audio sensorwere statedsimply as beingcapable
of functioningon a singlesupply of 24v andreturning24v or Ov to the
operatorsin the control roomof the ASSL

2.0 Description

2.1 SpeakerTest
The speakerswill be testedusing a loud toneprojectedby the horns in the
ASSt The horns will be mountedat various intervals in the enclosure.
The sensormust be able to react to a horn far away or a hornright next to
it. To accountfor this variable, the sensorcircuit hasan amplifierwith a
variable gain.

2.2 Transducer
The audio sensorcircuit usesthe speakeritself asa transducer. The lWatt
tapof the secondaryof the transformeron the speakeris used for the
transducer.When the horns in the ASSTemit the test tone, the speakeracts
as a microphone. That is, the speakerconevibrates, inducing a cuntnt in
the primary windings of the speakertransformer. This inducedcurrent
createsan emfwhich inducesacurrentin the secondaryof the speaker
transformer.An ac voltagesignal representingthe soundthat causedthe
speakerconeto vibrate appears at the positivesideof the 1 Watt tapof the
secondaryof the speakertransformer.

2.3 Signal Reference
The ac signalappearingat the positivesideof the 1 Watt tap of the secondary
of the speaker transformeris referencedto 12vregulateddc. This is done
byplacing a lMflresistorbetweenthepositivesideofthelWatttapof the
secondaryof the speakertransformerand 12v regulateddc. The ac signal is
thus coupled onto the 12v level. Any of movementof the speakerconewill
modulatedthe 12v & level.

2.4 SignalConditioner

2.4.1 Voltage Follower
The ac signal representingthe soundthatcausedthe speakerconeto vibrate
is fed into a voltage follower whenit comesoff the positivesideof the
lWatt tap. The voltage follower buffersthetransformerfrom the signal
conditioning circuitry.

2.4.2 Gain Circuit
The signal from the voltagefollower goesinto an operational amplifierwith
an inverting gain. The gain is variable, but it has a minimum value of 10
and a maximumvalue of 110. The variable gain allows adjustment of the
sensitivityof the circuit to match test tonesofdifferentmagnitude, ie. horns
that arefartheraway from the speakerthanothers.



2.4.3 FullWave Rectifier
The amplifiedac signalcomingout ofthe gaincircuit is fed into a full wave
rectifier. Therectifier is afull diodebridge. The inverting input of the
rectifier is tied to 12v regulateddc andthe noninvertinginput is tied to the
output of the gain amplifier. The dualendedoutput of the bridge is loaded
by a 100KQ resistor.

2.4.4 Filter
The rectifiedsignal from the full wave rectifier is filtered directlyafterthe
rectifier by a low passfilter. Filtering the signalbeforeit goesinto the
comparatorresultsin a smoothersignalat the output

2.4.5 Comparator
The comparatorhastwo inputs: a referencevoltage of 12.5vdc and the
output of the rectifier/filter portion of the circuit If the input from the
rectifier/filter is greater than 12.5v,the output of the comparatorgoeshigh
approximately 24v dc. If the input from the rectifier/filter is below 12.5v,
the output of the comparator goeslow approximately 2v.

3.0 Interface Requirements

3.1 Outputof0vwhenthespeakerisnotworldngand24vwhenthespeakeris
working.

4.0 OperationalRequirements

4.1 Capable of operatingoff of a single24v supply.
4.2 Capable of determiningif the speakeris working by detectingthe test tone

emittedfrom the warning hornsin the ASST.

5.0 Problems

5.1 SinglePower Supply Problem
Initially therewasa problempowering the dual opanipchips off of a single
24vdc supply. The voltage follower circuit wasrailing at2.122v initially.
Sincethe voltage follower wasusinga singlesupply, its low rail was
2.122vand its high rail was23v. The input signal from the speakerwasin
the milivolt range which is below 2.122v. Therefore, the voltage follower
wasrailing low. To correct this, the signal from the speakerwasreferenced
to 12v regulateddc. Thus, the input signal to the voltagefollower was
always someac value riding on a 12v & level. The sameproblem occured
on the gain circuit In this case,the noninverting input wastied to 12vdc.
This forced the amplifierto attempt to drive the inverting input to 12v and
amplify thedifferencebetweenthe inverting andnoninvertinginputs.

5.2 Noise
A 0.ljff capacitorwasplacedbetweenthe 24v supply andthe inputof the
12v regulator. This seemedto eliminateanynoisefrom the power supply.

6.0 Conclusions

6.1 After testing the speaker’sresponseto the warning horn while both werein
the ASST. it appearsthatthemaximumsignaltheaudiosensorwill receive
is 0.2vandtheminimumsignal is 0. lv at 300’. This meansthat the gain
of the circuit will have to be adjusted accordingto wherethe speakeris
placed in relationto the nearestwarning horn.



6.2 It is not known at thistime how the normaluseof the speakerwill affect the
audio sensorcircuit. This will have to be determined oncethe audio sensor
circuit is in place.

6.3 The audiosensoris sensitiveenough to detect the test tone from the warning
horns in the ASST.

6.4 Filtering the rectified signal beforeit entersthe comparatorproducesa
cleanercircuit at the output of the comparator.

7.0 Schematics

Seeattached page.

8.0 Components

8.1 2-Motorola 1458P1dualopamp- monolithic, 8 pin device
8.2 resistors: 1W], IOOKQ, 1.5W], 1KQ, 3-IOKQ, 1-IOOKQ pot, 1-SOKQ

pot.
8.3 diodes:4-lN4006
8.4 1-Texas InsmimentsTL 780-l2C VoltageRegulator
8.5 Astandardspeaker
8.6 capacitors: 0.lj.xf,



IWTapof Speaker
Tsfoxw 24V &

12V Regulateddc

Figure I: ASST Audio Sensor


