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Intr oduction

Thesingle-shofacility of the DSO-101oscilloscopas idealfor capturingtransienpphenomenaln this paperwe use

this capabilityto placeanelectro-mechanicaklay underthe microscopeandinvestigatehow currentbuilds up in the
armaturehow the contactsclose,andhow they open.
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Figurel: DSO-101Digital OscilloscopeScreen



A Brief History of OscilloscopeTrigger Cir cuits

In orderto appreciatehe advantage®f a digital oscilloscopeit' s usefulto know someof the history behindoscillo-
scopetriggercircuits.

To producea stablewaveformdisplayof arepeditve waveformthedrawing of thetracemustrepeafrom thesame
point in the waveform. Early analogoscilloscopesiseda free-runningastablemultivibrator (oscillator)to generate
the timebase.The input signalwas appliedto this oscillatorin sucha way asto pull the oscillationfrequeng into
syncwith the input signal. The pull-in range is quite limited, thatis, the frequeng of the multivibrator must be
approximatelyequalto thefrequeng (or someintegermultiple of thefrequeng) of theinputwaveform. Thisis avery
crudetechniqueanduselessor non-repeditie waveforms.

Shortly after WWII, Tektronixinventedthe triggered timebase.The timebasestartsits sweepwhencertaincon-
ditionsaretrue of the input signal. For example,the trigger controlsallow oneto setthe level andslopeof theinput
signalto initiate a sweep.This givesthe operatomuchimproved control over the waveformdisplay

A triggeredtimebasecanbe arrangedo displaya single,non-repeditie waveform. The level andslopecontrols
are setappropriatelyandthe trigger circuit is armed Whenthe trigger event occurs,one sweeptakes place. The
trigger circuit mustthenbe manuallyresetto enableanothersweep. In a darkenedroom or usinga mask with the
intensityat a high level, it is possiblefor an operatorto seethe event. Alternatively, an oscilloscopecameracanbe
mountedn alight-tight enclosurevhile aimedat the screenThenthe shutteris lockedin the openposition. After the
eventhasoccurredtheshutteris closedandthe Im processed.

In orderto seethe eventthatcausedhetrigger, the oscilloscopeverticalampli er mustincludeadelayline. The
delayline complicatesandaddssigni cant expenseo thecircuitry.

Tektronixsubsequentlgevelopedanstorage cathodeaytubethatcouldbeusedo recordtransienevents.Storage
oscilloscopesvereexpensve, especialljthosecapableof recordingat high speed.

Enter the Digital Oscilloscope
A digital oscilloscopesuchasthe SyscompDSO-101is amuchsuperiordevice for acquiringsingle-ezentwaveforms:

The horizontaltrigger point canbe moved betweerthe left andright extremesof the displayarea,sothatthe
signalcanbe obsenedbothbeforeandafterthetriggerpoint'.

Theverticalampli er doesnotrequirea delayline, which reducesizeandcost.
Triggerlevel andslopearedeterminedy comparisorof digital values sotriggeringcanbe setvery precisely

It' s straightforwardto generate hardcoyy recordthatcanbe printed,storedor incorporatednto reports.

Trigger Controls

A screenshobf the DSO-101oscilloscopds shavn in gure 1 on pagel. To setup the oscilloscopdor singleshot
capture:

1. Adjustthe vertical gain control anddisplay positionfor eachchannelso thatthe displayis a suitablesize. In
the gure, channelA is adjustednto the uppersectionof the screerwith a scalefactorof 5 volts/div, channeB
into the lower sectionwith ascalefactorof 1V/div.

lwaveformacquisitiontakes placecontinuouslywriting datainto a circular buffer. Whena trigger eventoccurs the buffer contentsarefrozen
andthenwritten outto the display The operatorcanselectwhetherto displaysignalbefore,afterandat thetriggerevent.



2. Decidewhich channelwill bethetrigger source In this casechannelA hasa moreabrupttransition,so that
will morepreciselylocatethetriggerpoint. SetTrigger  Source to A

3. Adjustthetriggerlevel (indicatedby the T symbolandhorizontalcursor)sothatthe signalpasseshroughthe
trigger level at the desiredtriggertime. In this case the triggerlevel is setto 12 volts, roughly half the peak
signalon channelA.

4. Adjustthetriggertime (indicatedby the X symbolandverticalcursor)sothatthetriggerpointshovsthesection
of waveformof interest.In gure 1 it hasbeenmovedto mid-screen.

5. SettheTrigger = Mode controlto Single  Shot . If possible causeheeventto occur andthe scopeshould
capturethewaveform. If necessaryo expandor contractthe display adjustthetimebasesettingaccordingly

6. PressSingle  Shot Reset to clearthedisplayandarmthetimebasdor anothercapture,

The Cir cuit

We now shav anexampleof single-shotaptureatwork: characterisingheactionof anelectro-mechanicaklay. The
relaytestcircuitis shavnin gure 2.
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(a) Wiring Arrangement.Therelay is in the centreof the (b) Schematic
picture.

Figure2: TestCircuit

Therelay, PotterBrum eld type KUP11D55,hasa 24VDC, 465 coil with DPDT contacts.The power supply
E providesthe necessarpower. SwitchS is operatecby handto causetherelayto actuate.ResistorR generates
voltageproportionalto therelay current.Full currentin therelaycorrespond$o 1 volt acrosghis resistor

TheoscilloscopechannelA views the outputfrom arelay contact.In anidealworld, whentherelay actuateshis
voltageshouldstepfrom zeroto 24 volts. As we'll seethat's notthecase.

OscilloscopechanneB views a voltageproportionalto the currentin therelay armature. Therelay armatureis a
coil of wire andwe canexpectthatthewinding inductanceslows theriseof current.
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Figure3: ChannelA (uppertrace):5V/div. ChanneB (lowertrace):0.5V/div. Timebase5msec/dv.

Measurements

Thelower traceof gure 3 shavs the buildup of currentin therelay asit closes. The mostnoticeablefeatureis the
notch in the currentwaveformatthe 7mse@oint. Theuppertraceshovsthatthecontactclosesatthis point. Therelay
pole piecemovesdownwardat thatinstant,reducingthe reluctanceof the magneticcircuit andtherebyincreasinghe
inductance.Oncethe relayis closed,the currentresumests upward climb to its peakvalue (51mA). Somecontact
bounceis evidentin theuppertrace.

The durationof contactbouncevariedfrom trial to trial. The maximuminterval betweenthe rst applicationof
currentto thecoil to the nal closingof thecontactwasfoundto bel17msec.
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Figure4: ContactBounceon Closing. Verticalscalessameas gure 3. Timebase500 sec/dv.
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Figure5: ContactBounceon Opening.Verticalscalesandtimebasesameas gure 4

Figure4 showns anexampleof the contactclosingbouncein detail. Typically, the contactsbouncefor aninterval
of 3.6msedromtime of rst closureto nal closure.This signalcouldnot beusedto actuatesolid-statedigital logic.
A digital counterfor examplewould happily countmary of thebounceeventsasvalid logic transitions Furthermore,



a Schmitttriggerwill not cleanup this sequenceaincemary of the bouncetransitionsextendacrosshefull voltage
range.Thesequenceouldbecleanedup with amonostableircuit thatincludesa delayof somavhatgreaterthan3.6
milliseconds.

Therelaycontactopeningsequencé shavnin gure 5. Thecontactopendirie y attheinstantcurrentis removed
andthenloitersin the closedpositionfor a further 3 millisecondsbeforethe nal opening.Again, this signalcould
notbe usedto actuatesolid-statedigital logic sincethereareat leasttwo falling-edgetransitions.

The DSO-101oscilloscopeaxcelsin this type of application. It triggerseasily displayssignalsbeforeandafter
thetriggereventandallows corvenientdocumentingf theresults.

Note on the Diagrams

Thewaveformsweresavedusingthe DSO-101menuitem Tools -> Export to postscript
Thepostscriptles werethenincorporatednto the lATeXsourcecodeusingthe\includegraphics command.

Resources

Somegenerahoteson the oscilloscopereavailablefrom Wikipedia:
http://en.wikipedia.org/wiki/Oscill oscope

Informationon the SyscompDSO-101oscilloscopas availableat:
http://lwww.syscompdesign.com

Sourcecodefor the oscilloscopeis Open Software. It is available underthe GPL from Sourcefoge at the Open
InstrumentatiorProject:
http://sourceforge.net/projects/oip



