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DevelopmentofasimpleRPM measurementsystem①
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Abstract:Thedesignanddevelopmentofatimerbasedrevolutionperminute(RPM)measurementsystemweredescribedin
thispaper.TherotatingshaftofadcmotorwasusedtomeasuretheRPMandtimerintegratedcircuit(IC)555wasusedin
astablemode.Thefrequencyoftimeroutputwaveformmeasuredbyadigitalstorageoscilloscope(DSO)isalmostlinearly
proportionaltotheRPMofrotatingshaft,andtheRPMalsolinearlyvarieswiththechangeoftheexternalinputvoltagelevel.
HencethelinearrelationshipbetweenthefrequencyoftimeroutputwaveformandtheRPMcanbeobtained.Themain
advantagesofthisdevelopedsystemarelinearinput-outputrelationship,smallsize,easytocarryandcosteffective.
Keywords:IC555;astablemultivibrator;RPMmeasurement

CLDnumber:TP216 doi:10.3969/j.issn.1674-8042.2020.02.012

0 Introduction
 Indifferentelectrical,electronicandprocessing
industrieslike powerplants,oilindustriesand
petrochemicalindustries,revolution per minute
(RPM)measurementisveryimportant.Different
RPM measurementtechniques,such as optical
techniquebasedRPM measurementandtachometer
basedRPMmeasurement,arewidelyusedwiththeir
meritsanddemerits[1-7].HereaRPM measurement
systemisdevelopedforarotatingdcmotorshaft
usingatimerbasedastablemultivibratorassociated
withtwo opto-light dependentresistors (opto-
LDRs).Inthissystem,thetimeroutputfrequency
andRPMoftherotatingdcmotorshafthavealinear
relationshipandthemeasurementisverysimpleand
lowcost.
 Inthispaper,atimerintegratedcircuit(IC)555
based RPM measurementsystem wasproposed,
whichprovideslinarinput-outputrelationship,andis
smallinsize,easilyportableandcosteffective.The
systemnotonlycanbeusedasvoltage-frequency
converterinvarioussignalconditioningcircuits,but
alsohasthesimilarideatothatoffanspeedcontrol.

1 Theory
 Fig.1showsthetimerIC555circuitwithtwo
opto-LDRswhichisthecombinationofonelight

emittingdiode(LED)andoneLDR.Inthiscircuit,
timerisworkinginastablemode.Accordingtothe
workingprincipleoftimer[8-9],thecapacitorcharging
time(TC)anddischargingtime(TD)canbewritten
as

TC=0.693(RLDRA+RLDRB)CS, (1)

TD=0.693RLRDBCS, (2)

whereRLDRAandRLDRBaretheresistancesofLDRA
andLDRBrespectively;CSisthecapacitanceof
externalcapacitor.

Fig.1 IC555basedastablemultivibratorcircuitwithtwoLDRs

 Thetimeperiodofthetimeroutput(T)isgiven
by

T=TC+TD =0.693×3RLDRACS, (3)
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andthefrequencyofthetimeroutputwaveform(f)
is

f=1T = 0.481
RLDRACS

. (4)

 Nowthecurrent(I)passingthroughtheLEDsis
givenby

I=Vi-2VLED

R
, (5)

whereViistheinputvoltage;R=220Ωisthe
currentcontrollingresistance;VLEDisthevoltage
dropacrosstheLEDorthresholdvoltage,andthe
valueofthisthresholdvoltageisaround1.28V.
 Thelightintensity(Lux)generatedbyLEDis
proportionaltothecurrentpassingthroughthis
diode,i.e.

Lux=K1I, (6)

whereK1istheproportionalityconstant.
 TheresistanceofLDR(RLDR)isrelatedwiththe
incidentlightintensityas

RLDR= K2

Lux
, (7)

whereK2isaproportionalityconstant.Maximum
resistanceRLDR=4.5kΩat10luxandmaximum
resistanceRLDR=0.7kΩat100lux.
 BysubstitutionoftheEqs.(5)-(7),Eq.(4)can
berewrittenas

f=AVi+B, (8)

whereAandBareconstantsanddependonthe
valuesofK1,K2,R(220Ω)andCS(470pF).
 Basedontheworkingprincipleofdcmotor[10],itis
knownthattheRPMoftherotatingdcmotorshaft
linearlydependsonthecurrentpassingthroughthe
armatureandthiscurrentonceagaindependsonthe
supplieddcvoltagetothemotor.Therefore,the
relationshipbetweentheRPMofarotatingdcmotor
andthesupplieddcvoltagecanbewrittenas

RPM =CVi+D, (9)

whereCandD areconstantsanddependonthe
valuesoftorque,torqueconstant,externalapplied
voltage(Eext)androtorcoilresistance.
 BysubstitutionoftheEq.(8),Eq.(9)canbe
rewrittenas

RPM =af+b, (10)

whereaandbareconstantsanddependonthevalues
ofA,B,CandD.

 Therefore,Eq.(10)showsthattheRPM ofa
rotatingdc motorislinearlyproportionaltothe
frequencyoftimeroutputwaveform.

2 Designprocedureandexperimental
setup

 Eq.(10)can beappliedto designthe RPM
measurementsystemusingtheIC555basedastable
multivibratorcircuit.Fig.2showsIC555based
astable multivibratorcircuit with opto-LDRs[11].
Twodcmotorsthatareidenticalinallrespectsare
usedtofulfillourrequirements.Hereadcsupplyof
12Visusedtoexciteadcmotor(M1)andthismotor
isdirectlycoupledwithanotherdcmotor(M2).
RControlisusedtocontrolthecurrentthroughthe
armatureof motor M1.Dueto directcoupling
betweenthetwomotors(M1&M2),thevoltageVi

generatedbymotorM2isusedasthesupplydc
voltageforthetwoopto-LDRs,whichareassociated
withthetimerbasedastablemultivibrator.

Fig.2 IC555basedastablemultivibratorcircuitwithopto-
LDRs

 Fig.3showstheexperimentalsetupformeasuring
theRPMofarotatingdcmotorshaft.Accordingto
theoperationofIC555basedastablemultivibrator,
withthearmaturecurrentofdcmotor(M1)changes,
RPMofthecoupledmotorswillbechangedandadc
voltage(Vi)willbegeneratedattheoutputofdc
motor(M2).Thisgenerateddcvoltageisusedasthe
supplydcvoltagefortheopto-LDRs,i.e.this
generated dcvoltagecontrolstheresistancesof
LDRs,whichinturnshelpstochangethefrequency
ofthetimeroutputwaveform.Wemeasuredthe
RPMofdcmotor(M1/M2)usinganon-contacttype
digitaltachometer(madebyMextech;modelNo.
DT2234C)andthetimeroutputfrequencyusing
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digitalstorageoscilloscope(DSO).Therefore,by
measuringthetimeroutputfrequency,RPM ofa

rotatingdcmotorcanbemeasured.

Fig.3 Experimentalsetup

3 Resultsanddiscussions

 TheexperimentalsetupofFig.3hasbeenusedfor
theactualexperimentandthedifferentcollectedas
wellascalculateddataareshowninTable1.Based
onthedatafromTable1,weplottedthevariation
betweenthedcsupplyvolatage(Eext)andtheactual
RPMofarotatingdcmotor(M1)whichisdirectly
coupledwithanotherdcmotor(M2),asshownin
Fig.4.Herewevariedthedcsupplyvoltagetovary

therotationalspeedofthedc motor,anditis
observedthatthesystemworkseffectivelyinsupply
voltageof10-12V.Fig.5graphicallyshowsthe
variationbetweentheactualRPM measuredbya
digitaltachometerandthetimeroutputfrequency
(f)measuredbyaDSO.Thismeasuredfrequencyis
multipliedbythekeyfactorofpulsesensedper
revolution(PPR)withthevalueof60toobtainthe
calculatedRPMofdcmotor(M1).Fig.5indicates
thattherelationshipbetweenRPMandtimeroutput
frequencyisalmostlinear.

Table1 Differentcollectedandcalculateddata

No.
DCsupplyvoltage

Eext(V)
ActualRPM
ofmotorM1

Generatedoutput
voltageby
motorM2(V)

Timeroutput
frequencyf
(Hz)

CalculatedRPM
ofdcmotorM1
[=60f]

Measurement
errorin
RPM(%)

1 12.00 3500 6.66 58.00 3480 -0.57

2 11.50 3330 6.32 55.38 3323 -0.21

3 11.00 3175 5.99 52.50 3150 -0.78

4 10.50 3030 5.71 49.54 2972 -1.91

5 10.00 2845 5.30 45.50 2730 -4.04

6 9.50 2710 5.05 42.48 2549 -5.94

7 9.00 2555 4.74 39.50 2370 -7.24

Fig.4 Dcsupplyvoltageandtimeroutputfrequency  Fig.5 ActualRPMofarotatingdcmotor(M1)vs.
timeroutputfrequency
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 ItisclearfromFig.6thatthepercentageerror
reducesinthehigherRPMmeasurements.

Fig.6 RelationshipbetweenactualRPMofarotatingdc
motorandcalculatedpercentageerrorsinRPMmeasurements

4 Conclusion
 ThispaperdescribedaRPMmeasurementsystem
ofarotatingdcmotor.Thissystemisverysimple,
low cost and provides a linear input-output
relationshipwhichisanimportantrequirementfora
measurementsystem.Besides,thissystemcanbe
interfacedeasilywithmicroprocessor/microcontroller
andpersonalcomputerwithoutananalog-to-digital
converter(ADC)forfurtherprocessing.Becauseof
thesimplicityofthissystem,this measurement
systemcanbeusedforRPM measurementofdc
motorsindifferentindustrialapplications.Thistype
ofdevelopedprojectisveryattractiveand may
motivatethescholarsorengineerstoutilizetheir
knowledgefordesign,development,implementation
andtestinginasingleproject.
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简易转速测量系统设计
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摘 要: 介绍了一种基于定时器的转速测量系统的设计与开发。使用直流电动机的转轴来测量其转速,定

时器IC555用于不稳定模式。使用数字存储示波器(DSO)测量的定时器输出波形的频率几乎与转轴的转速

成线性比例,而这个转速又与外部输入电压水平的变化成线性关系,由此得到了定时器输出波形频率与转

速之间的线性关系。该系统的主要优点是线性输入-输出,体积小,便于携带且成本低。
关键词: 定时器IC555;非稳多谐振荡器;转速测量
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