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ANOTACE

Pr§ce se obecnhD zablvg§ problemati kou ml
spol 2t al em.

C2lem pr8§ce je popsat m NStioral2Instiuroentd r an2 m
aj eho vyugi elektrotpcBriice.vi uce v

Rozhr an? my DAQs es poil mplralcnd m pr kdgr amem
sjejich komlwinBa@a2 Iloz2 e kigorameRs |(rs® ntud dorvaatny®.) a

D§ldo pr&§ce autor uvedlojMmP®bu? desp&? prl a
pSipojitetmiam?2 kKle hyupBA@mu mNSic2mu pS2pr a
zadg§n2 prdsnbhpe mdBe@mict 2smmyDAQ@r aPt o kagdl m
pS2pravek je vytmestaae tzahmmnueijkBc®makuechni
motiv plogn®ho spoje, osazovac? pl&n a sezn

Na z8vDr je uk8z8na fotodokumentace | e
|l i nnost tRNRchto obvodT dologen8 grafy.

KI 2] ov §nyBAR,dMulsim,Onl i ne mRNSen?2, Nati onal l nstr
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ANNOTATI ON

The work generally deals with measuring instrents and their connection to
acomputer.

The aim of this work is to describe the measurement interface myDAQ from the
firm National Instrumats and its use in teaching iteEtrical engineering.

MyDAQ interface cooperates witthe simulation program Multisirwhen with
their combination we can compare the expected (simulated) and real values.

Furthermoreint the work the authormentioned the manufacture of printed
circuit boards- measurement products cautable to myDAQ interfaceEvery
measurement product has d&n assignment for eline measurement with using NI
myDAQ. For every measurement product is created a technical documentation
including a technicatlescription, a schematic, a PCB designasembly description
and a partlist.

Finally, there isshown a pbto documentation of individual PCHsllowed by

checkng their correct functiomlemonstrated by graphs.

Keywords: myDAQ, Multisim, Online measurement, National Instruments
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1 bvod

Tato pr8&ce se nroagbnlincéht ojde d mbDdagnustiky
el ektroni cakTjcehj 2comvomavf[eden2 m do vi.dekege el ekt r
pops&§no pSenosn® r oNatonalnmis tmyuDrreQ t aned t fkid l@mMy® |
onlinemNSen2 vyugz2t.

N§vrh na zpracovgn2 1§ @1 otkep gpSSpeedjnedt ai z2edS
adi agnostika mi pSiglo pS2lig stereotypn?.
mNSic2ch pS2strojT od digit8&ln2ho multimetr
zaS2zen?2 je jeho spol upr Simeédysjee jsiicnu | kad nmbk?im a
| ze porovngvat data z2skpngshfismsdayul ovan®
z2skank®l n®ho obvodu pomoc2 rozhran2 myDARQ.

PSedmNRtem t ®to wirrakka | ke speSke dgpvodygnal c h s p «
kterTch seselznémsafmamsmm2 m myDAQ a zlime2 nhNnou
mNSen2. Kagdl mnNSic2 pS2pravek nelze vyrob
tud2g se pr8ce d8le zabhvgeh8vepemcpeddndmlr
technick® dokument ace.

Aby bylo z&82 z en? my DAQ aktivnhD vyug2vs8no p .
kezmi Rovanim mRSic2m pS2pravkTm na$2hemum Y
myDAQ ametodouoh i ne mNSen2 sezn§m2, a protokoly
visledky.

Nejz8sadilpdgemu vii®@Matu bylo pwg&€HEN2 v
ed ektrotechni ckA Xwr arfkeacdmOv Bt | pg8§ci zablvaj?
metody orl i ne miySwedni2t 2sm r o zdhor aniPuakmy® D A @ oz e n 2
mognosti amhc hztallj afl yeme o-h MBonm®dBSen2 obvodovlic
z2skat v2ce informac?2.

Hl avn2m c2tedymo ps &tcemPBi c2 r oz Natienal2 my DAC
Il nstruments,sejshmubpbhtmr pabdbvty $e dSand MmiEwvir &i
% oh vhodniocé mb8e mw.omdogdy® VYwboratorn2m ¢
apS2slugn® mNSic?2 desky updemen®zhr a2 manD /
Na z8vhDr pohN®ep?tos@®sBvn® funkce jednotlivlec
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Ve visledku tedy vznikne mr§ oy DAMQs aah uojn?
|l ine mhRSen2, kter§8 do budoumBarmlbgaeaslgéuadi

ke zpestSen2 viuky.
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2 MRDSi c2 Natorahnstmmehts myDAQ

Obr.21Rozhr an?2 Nat i onAfQl I nstruments myD
National I nstrumdAQ[s| t(id §jhaej ¢ Bleh ANa & )z a S2 :
sbnr d aData acquisiidn-. DA Q) , kter ® k oNhhabWlBW 2 s pr

obsagesi bl al n2 mMuplrtoigsriaamuu mo J Rujpe aama§yatov
z2skan® <Sidpntg§ljy dnoadwlch® obvody.
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21Technickl popis rozhran2 myDAQ

5 VBuUSs Pfevodnik ——»+ 15V
% gJJ Omezovac DC/DC [—»-15V
é oD proudu > 45V
8/ DIOO
az DIO7
<+ Al 0+
+— Al O+
L . < . +— Al 1+
ADC Zesilovacé Multiplexor Al 1-
Systémovy +— Audio InR
fadic 4— AudioInL
— AOD
I —» AO 1
DAC Pfepinac Zesilovace
—V - » Audio Out R
iL — Audio Out L
I _lzolaéni bariéra
Digitalni
multimetr

Obr.22Bl okov® sch®ma[lfozhran2 myDAQ
ZaS2zen? NipothygDAQ pjSé pl j eUniversa Sezial Bus 0 z hr an
(d&8l e jenpl&SBRYgS@®viE@eazkomuni kammyPAQa nap§j e
kter® zS8rpak® shp8geécid zdrojl pe opmdHenh ® odXx

nap8jmDAQvgug2vat | isflp jako sbRral dat
A0 ARV DIO ( 0az5V)

+15V15VAGNDO 1AGND 0+ 0 1+ - 7DGND5V
Obr.23Rozd st Dn2?2 sign8l T na svorkovnici rozhranz n
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2.1.1 MyDAQapS2 sl ugenst v?2

Obr.24PS2slugenstv2 k rozhran?2 myDAQ

1) Rozhran2 myDAQ

2) Konektor pryDAQuj i telnl Kk

3y G oubov gk

4 MNSic2 sondy multimetru

5) Audio kabel (ack 3,5mm)

6) Propojovac?2 USB kabel

7 Nep8§8§jiv® pole pSipojiteln® k myDAQu

8y Digital Video Disspoi(8&bel n NamnyDdQwalie A
Software Suite 20%%
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G~ g
B -c::_{‘[/?*”r;yﬂ. o LLL[_{I:ZIT_::

Uil ——>»

Obr.25ZpTsoby pSipojoxzEmanflemydDrQi 2 k
1) Rozhran?2 myDAQ
2) Kabel USB
3)Indi kaln2 sv2tivg§ dioda (d&le jen ALEDM)
4 Konektor pryDAmjitelnl Kk
5) Audio kabel (pck 3,5 mm)
6) MNDSi c2 ukinetrudy m

212Anal ogov A& 0v6 tALE V-] |

My DAQ ndavb® z&nal ogov® vstupn?2 nkpaunt8 | (yd 8ploep s
jen AAytio) kan8ly mohou bhulljtakma kvoynsf d kyauir nopveScha
di ferenci 81 n?2 napRSov® vstupy vprozeahu zpr aco
N10Vneboj ako stereof oMM3e m2udn ®bo samuglyl.zu si gn
na vstup lzepr ov 8d Nt ag200d 0r wazhlr ks[t fzrae ksveeknul nndRum
rozsahem do 400 kHZZut o vl ast nost l ze vam@ityzeordfwn
dynami cklTahBesdghgiuZreanny oddnm bpa o anal ogov® v
Anal og GroundDfiRIBl.e jen AAGN
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213Anal ogov GOV, sAudiopovit |

D8l e asAQunachg§8z2 dva anal omaxzwan@ sjtalpn:
Anal og Output. (HyEllezg emalAAOffilGorv bvai sbulN pe
audi o vd smapn® generovatTs{gnhBlUy, rTzaj Bheltr
do hodnotyN10V, avgak jsme omezenpr onacké m8§bnhmdubd
2mA. VIistupn?2 sign8ly | P60gemere@Tarzvadsekyah
kanZdmn2c2m bodem pro anal2pov® vistupy je

214Di gi t 8§l n2 vDQOi@y/ vIistupy |

Kdispozicm8&8 m& di gi t 81 n2 il ndieki dKSgkadupn d ztea v i
nebo vistup. Linky DigitaQi 3mplhudu Obf put
nakonfigurovgny ve funkci 4rM ag?eSkewbw® mhadsw
(d § | e PWM#)rize generovat skrz linku DIO® i nky mragpdluj22mos, 3 V |
Voltage TransistofTransistorLo gi ¢ ( d § | e jaen zZA&LSATaTS6AR 1G8 |
snaphRt2m do 5 V. phkbadxjsSom& mA ha jedrudinkiipgizt §1 n 2
vistupy jig nejsgiuc klomp a¥avOs hradiéy esrin 2\Vc 2 m
bodem pro digiggtmi IGrokyndj @@BBl e jen ADGNDM)

Tab.1Def i ni ce vstuprndwrhz naphNSovTich

Logicks Defi névaw|

Do 0,8V
1 Ood2Vv

215Nap8jec?2 zdroje

Pro paraliogsov ] mi sign8ly a operal n2zmi z
obvodem, kterl ze vstupn2ho napRhRt2 5 V (z
N15V. Pr o nap§j en? dji gk a §lnaad Skwagil &gBA kr adl a,
poskytujezdropt e ] nos mDH+RAE2AB]. nap Nt 2
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Tab.2Vi stupn?2 proudy pro pS2slugn® zdroje

Napgjec2| Maxi m§ln2 vI
+15V 32 mA
-15V 32 mA
+5V 100 mA

216Di git 8l n2 multi metr

Obr. 2.6 MyDAQ jako multimetr

Nejz8kl adnhRj g2 funkce z@ms226entzg emhiSigti
¢t Sedpo® aaphpBzaSpaepSe¢hor

stejnosmilDrn® i
pSipojit na pS2sl |

dod&ny dvhDymD%iter ®sd ek
Obr.2.7[1].

~VQH— ~ A =
VAN

HE " “com "7

Obr.27zd2 kg pSipojen2 mhNSic2ch sond multimetru



St SedBad@kovVviack&€eha?2t ufe nidin

viuce

el ektrote

S

e S

Jedn §

Vygg2 odborn8 gkol a,
Pr8§ceiVwalgit? rozhran2? NI myDAQ ve
2 SNt | HE4Y2D1S
Tab.3 Parametry multimetr{il]
Funkce Rozsah |[Roz | i|lPSesnost (N% | te
StejnosmBbDr n200mv |0,1mVvV |05%+0,2mV
2V 0,001V |05%+2mV
20V 0,01V 0,5% + 20 mV
60 V 0,1V 0,5 % + 200 mV
St S2dav® na 407 400 Hz 4007 2 000 Hz
200mv 0,1 mV 1%+0,15% [T
2V 0,001V [1%+0,15% 5%+ 3mV
20V 0,01V 1%+0,15% [5%+30mV
St ejnosmBbDr n20 mA 0,01 mA |1% + 0,02 mA
200mA 0,1 mA 0,5% + 0,2 mA
1A 0,001 A |0,5%+2mA
St S2davi pr 407 400 Hz 4007 2 000 Hz
20 mA 0,01 mA |1,5% + 0,03 mA 5,5 % + 0,03nA
200mA (00I1mA |1%+0,3mA |5%+0,3mA
1A 0,001 A [|1%+3mA 5%+ 3 mA
Odpor 200 90,1 q0,8 % + 0,3 q (b
2 kq|0,0020,8 % + 3 q
20 kq0O,01 [0,8 % + 30 q
200 kO, 1 KkO,8 % + 300 q
2 Mq |[0,0020,8 % + 3 kaq
20 MO, 01 (1,5 % + 50 kq
NaphRDt?2 na -mp2V
22Vyugi t 2 rozhran? my DAQ
Multisim
Vprv® Sadh by pod ot odoblu®t izsmizmi  e.
progr am, ve kt er ®snc hn®lrgatmeei crk d \c thfaoovimwd ano ¢ 2
virtug8ln2zch mRSic?2ch tpjdiéhsfunkce.p Fi

pot Sebn®ho

vMul t

Si mu

p S e sg kdtife >oNew>> NI myDAQ Design >> Create[4].

sdoiuh ®tval o ve
softwar e b ®lSérhdozgher na@h?om nzay BEX@Dne v

mo gnostvynuadirth2om a riigmibAeQduosihnekes



St SedBeadBkovViack E€Eeha?2t uepidin
ektrot e

Vygg? odborn8 gkol a, ;
'tf rozhran2 NI myDAQ ve viuce el
2S

NXYt | ¢ HE4Y201

Pr 8 cei\Voyallg

==

M Edit View Place MCU Simulate Transfer JTools Reports QOptions Window Help
[ DI Em [ = %[ | ~ ::*\ a9 Ql| o 7 BT
pe £ Open.. Ctrl+0
[ Open samples... ;i z 2 R ~ s
Close ] -
i 23
Close all
it =
Save Ctrl+S =

Obr.28Z al ogream@ov n2 pl obwodwys myDA@eml8kwok h

ﬁ d = o ley e

Blank NIELMIS | NI ELVIS 1| NI myDAQ
Instaled templates s ks -
My templates :;
PLD design...

Recently used templates
- Create a new NI myDAQ design

| Create H Cancel H Help |

Obr.29Zal ogen2 pr ac wriab?odus mpDAQeg krpkr 0 n §

s

Tosto i
ZO=0=0 el N

Obr.210Pr acovn?2 plocha pnmyDAQenytvoSen2 obvodu s
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N a pracovabe 21@MP@eme vyt vegSet stsecjhm®ma ot
zpTsobem jako p SMultismD.glao ®rh e a ® ferataw h § z 2 panel

Obr.2.1], pSedstavuj 2crra pfoyszirakn®m rkybhAQ@u or

Obr.211Panel pSedstavujBaa®DAPW st rann2 konektor

Na panelu se nach§2%dn9 ¢tnleswaidshk @ jzh,al Ktyer
myDAQ disponuje. Mor n2 | §sti upr o ©Obr.el?p Srefrse adalj § % *
zd2Sky pro soevdychm@rhati imaknew znal k ou

HI e COM = HI =
A =0 C
| | |

Obr.212Panel se zd2Skami multimetru

PYiokl ep&§n2 na sch®mat imekhoupSamalSkiogcrr®bd on §
pS2gtrkodje mTgeme nastavovat |jeho oiagm§iefry,

ad § | némi pacovat.

-11-
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221MNSi c2 pS2strdsgoac: kter ® m&me k

T

T
T
T
T
T
T

U

Di gi t 81 n NI BhVIS$nix Digital Multimeter)

Os mi kan&8l ov §(NIELQIM& Rigtal Reader] a

Dat ovI ¢\ BLYIBrExtDigital Writer)

Osciloskop(NI ELVISmx Oscilloscope)

Spektr 81 n@IE&AVISIK Pynagnic Signal Analyzer)

Bodeho a(NELKSME Boder Anayzer)

Gener 8tor | i bov oNIrERMHSONX Arhitrary Wavefarng n 8 | u
Generator)

Gener 8t Nt ELVYIGmX IFunétion Generator)

kagd®ho mRNSic2ho pS2 s tjesth fheemem@DA® mo gn o <

simul ovat a o0zb2vsokd8uv avty tMadtSeei ns®@hnou , v anebo prov
mNSen2, nedyp?2 badeydzaitcak ®ho obv e s p kiomejka m®
kmyDAQU.PSedew@akngeme z2skan§ data mezi sebo

rozd21l y ,meszimutlpenoarki 22,

-12-
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3Vyugit2z rozhran2 myDAQ ve V|
PSi veButeoteéchni ckT ¢ Hkterom@uior stadujep m o by2ktond lea
mNSen2 obvykle standardwmtémm HepT HYExeém.doBdrm | §

pS2pravky a k nim postupnh pSipojovali r

multimetry, osciloskop apod.

Tento uvedenbb zmDPSen? par anmektwoldosbdah §suelki
shl ed8v_&m m®ndT veofdeuk t ti o mmuyrs 2 ev Igaksotl nai t vel k®
mNSic2 techniky, kter8 nen?2 nejlevnDjg?2z. P
osciloskopu se pohybujervo z me G001 2000 0 [7K |

Proto jsem se rozhodl zpr aAdQ,at k tper8®& i s too
cca3800 K| bez dm®%iNdazn® hodnoty (d&le jen ADPHA
orozmhBed 8B [ sPHNvzahrnuje multimetr, analyz
oscil oskop, Bodeho amplyz8tor, funk| n?2 gene

ZS§roveR je tadtne mdtSeevhidc horbweoldi | in pro ¢8|
atraktivnnRjg2, jelikog visledky mRSen?2 jso
Visledky | zere®lkra®ngi t Bsev porovn§vat se sin
NamhNSen§ data pak mohou §8§ciavmen e dmdSipo2moac
pS2stroje. Ulitel t akptSd pomjTgel npodhacdvipmw| pt
pSedv®st spr&§vn® Segen? zadan® ¥l ohy | i vy
prob2ranou funkci obvodu.

-13-
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4 Laboratovypyaug¥wtémyre®zhran2 m

41Pbha:3ezmM&§mdb2ceg m rozhran2m my
411Pr §¢ e s $ i routiimelrem

a) VprostSed2 simulaln2ho programu Multi
s ¢ h ® bvady s LED

b) Vr egi mu si mulvaycueyi z mMStlee ski cov®ho mu | 1
stejnosmbDr M®lbda ®papauduho zel enou SvZ2ti
napRt?2 na | erven® sv2tiv® diodn.

c) Vregi mu my-DAQe (mASen?2) ovhNSte hodnot
zpSedegl ®ho bodu pomoc2 myDAQ multimetr

d Porovnejte hodnoty naphteéna mpHEeamdu hd

shodnot ami zjigtnNnl mi pomoc? pol 2tal o\
rozd2ly se pokuste vysvDtlit.
412Pr 8¢en&kl n2m gener 8torem a oscil osk

a) Vprost Sed? simulaln2ho progA@mMu Mul ti
funk| n2 ho NpEVIEMxX Bundaion Geafato) se vstupem Al 0+.
Vstup Al O- propojte se svorkou AGND.

b)) V. menu funkln2ho gener §tvdrsu umpagthav tne pll

(sinus,n2kr ojovhhdeRMencizgk ¥ ol t e | irdesauo | n N v
0d10Hz do 20k Hz . Ampl i tuduzvolped TibIOlvmdsahid wak ®
od 1V do 10V.

c) Na osciloskopu zotriasztuepnt eaonwsli FPEMb NI
Zobrazte si kurzory a zmRSte d®I ku per
hodnotu napRt2. Zobrazenl oscilogram u

413Pr 8¢ @en¥mngeneBdtderhemaaal yz8torem
a) Vprost Sed2 simulaln?2hoSpeogroadme MUSlitlio
sch®obwdduednoduch®ho RC |1 8nku.

-15-
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b) VMul ti si mu zkontrolujte, zda m8te vge:
generBadeha analydé8toei mSepimé ®abdee,
aby byl funkln2sgmonkeaéitofppavbmek!| vknu

pS2stroj e NamyRAQipkrunmem entbledin simulatipn

c) Svyugit2m Bode NoELVASma Bode Analgzer zobrdzte
amplitudovoua f 8zovou frekven|l n?2 charakteris
(Start Frequengy v ol te 100 Hz, h $tap Feequdngye kK v e n c i
10k Hz, pol et mNRSi SteholteblBd T na dek§du (

d) Pomoc? kurzorT nal eznDtpeklesumeBS@Nn®h q p S
pSen6Gaiu $i mulovan®ho -®bdBdwpoothiodp8enoc
kmitol]tu 100 Hz.

e) Zjist Dt e hodn,otkidy rfekavewiceposun simul ova
hodnoty-6 0 A .

f) ZjistnNte hwo&MmotpuSemnmpsiSoobdkidzdu pro frekyv

g PSi pajotzenrlan2 myDAQ mNSic2 pS2pravek.
do regi mu -ImyrDeA QmIi Den 2 ) .

h) Vr egi mlui nen mNRSen2 proveNte znovu mRhRSe
Hodnoty frekvedémuzjgiomt Ma@® mNSen? por o
apokuste p&2ppsvn®t Friozd2 1 vy.

42DPl ohaPdl.oModi | ov8 dioda jako us
421MNDSenamp®ictha® akt eri sti ky usmBRr Rova

a) Vprost Sed? simulaln2ho prograno Mul ti :
sch®matu obvodanpr@r omlI®S e-AdfPhamsktstiyn A V
pol ovodi |l ov® diody 1N4007 v propustn®m

by PSepnhRte obvod na propustnl (pS2ml) s
vsi mulaln2m prost Sed? Mul tisim postupn
proch8zej2c? di odou ayzazmampdmhenevjztnei km$:
di odDN.

c) MNSen?2 podl e boddluned Ppaomoe2Nt e o omr an?

spSipojenim mhRSic2m pS2pravkem.

-16-
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d PSepnhDte obvod na z8vDRDrnl (zpRtnlT) sn
vsi mulaln2m prost Sed?2 Mul t i Byi mm appolstt2u p n
aode| t Dte odpov2daj2c2 anodovl proud.
e) MNDSen? poeaprovbeddttien eonpomoc? rozhran?
spSipojenim mhRSic2m pS2pravkem.
) Vigechny zmRSen® hodnoty vyneste do spo
Si mul ov an @ clarakteesEidydni @ dy , rozdz2?ly vysvDtl

422MNSen?2 jednocestn®ho usmhDr Rovale

a) VprostSed2 simulaln2ho programu Multi
sch®matu edmvwe@d st n®ho S®r poV ®kodiulsaMla IR
diodou 1N4007.

b) Zkontrolujte vMu | t i si mu zda 2m8treo| & g@eSEimpynw p&
simulaceFunk| n?2 gener 8tor nasftekvenoa S50nt
aamplitudoulOV. VT st upn 2 p8rt Tobruh zgoebnrearzt e na o
aul ogte jej do souboru.

c) PSipojte mNRDSiroz hrpaSrpr any®dKQ.k chiyaj i st Nt

pSep2nalp@el pgeu Ov Por ovnlS§inrfken nsld Seunl2acev I

spr8vnou | innost obvodu.
d Pomoc?2 osciloskopu zobrazte simulovanl
usmhDr Rovale a proudu diodou pro |isth

jsouvpd oze O0) a tyt osoypbortdf WIyhuygi a Paongtleasado 1
anaphNSovich kurzorT zmhRSte na re§l n®m
frekvenci a &mpl iprddwWhwl sitap®@n 2 usmdDr Ro
e) MDSemédu d) zopakujte pro jednotliv® n:

423MNSen?2 dvoucest G®RO zovMNzRPOalea2v
) Vprost Sed2 simulaln2ho programu Mul ti
sch®matdvobvesit n®hoGud mPoRBOvahpoyen?2.
g) Zkontrolujte VMu | t i si mu zda m8§te vgeefinmu pS2 s
simdace.Funk| n2 gener §tsov I nafsdalutpersoa 50 nh
aamplitudoulOV.

-17-
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hy PSi pojte mRSiroz hrpaSrepr any®KQ.k Zaj i st Nt

pSep2nalp®l pgeu Ov Por ovanl&§infen nsNSreunl2acev I

spr8vnou | innost obvodu.
) Pomoé osciloskopu zobrazte simulovanl a
usmiDr Rovale a proudu di odami pr o | i s

pSep2nalp®l pgeu 0y a tytsoubgu WhyMhy taimogt
| asovhapN%ovich kurzorT RMmNStebuwmaj & drk
periody, frekvenci a amplitudu vistupn
) MDSemédu d) zopakujte pro jednotliv® n:

43Dl ohaMNDSemB2 pasivn2ch RC frekve

431RC frekveywpwm2ddlihidrpropust

a)Vprostm®@eldal ns?ih o progr amu Mul tisim vyt
sch®matu obwded fprek ¥nefhSenrkrh 0o yp(]l.dol n2 pr
b) Zhodnot obvodovTch soul 8st ekfitrwypol t Dt
Svyugit2m Bodeho analyz8touufrekvant a?.
charakteri st i krue gnilnSue nBihtou Hacenl&eowh a u
jidosouboru. fyr af T Nackelhodnbt g k vivgir(sirulade)

a fnskut ( Skutwobaug e gi mech | i nndsmhie MPNiISmumP 3 c
VgechBy thyodmez n2 c fn,f(rveskpvod rt e2n §nshodnot a)
fnskkN @V zZ 8§j em porovnejte a vysvDtlete pS?

c) MDSeméduz b) zopakujte pro vgechny kapa

432RC frekvémlrniypu horn2? propust
d Vprost Sed? ®igmalmal nMuhlot i i m vytvoSte ¢
sch®matu obveCd fprek VnethGenteh 6 y p 5. horn2 pr
e) Zhodnot obvodovTch soul 8st ekfitrwypol t Dt
Svyugit2m Bodeho analyz8toru zobrazte
charakteri sti krue gninSue nsBihlou Hacenl&e ovh a u
jej do souboru. gr af T odel t Dt e hodnyvtolypou me zn 2 ¢

-18-
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regi mech |l innosti. Vgechnyy,ntaSiz8§ hemnot

porovnejte a vysvRhDtlete pS2padn® rozd?

) MDSemédu b) zopakujte pro vgechny kapart

433 RCf r ek vfeinlltnr2 t ypu p8smov8 propust

a)

b)

c)

d)

Vprost Sed? simul al n2ho progr amu Mul ti s
sch®matu obvod pro mhRSapdj BEB2pEsmoWRepao
Zhodnot obvodovTch soul 8§8stek Vigiyp 01 t Dt e
akritickl MAgenos filtru

Pomoc? Bodeho analyz8toru zobrazte amp

charakteri st i krue gnIhfue ns® Hnou i fai clretDr$e moen a  ul o

souboru.

Zgraf T z2pkeacdhcz2vwn bodhN odel tNte hodno
ap Se nfis Aosmafosks AoskVObou regi mech | dimfenost.i (
mNSenz) .

Hodnoty kritickT cfhuy,Abyd wWwerod 2t ea BamdonanoT a
Ao sim (sSimulace) foskus Aoskwt©OHl i ne mNSen2) navz§jem poro

pS2padn® rozd2ly.

434RC frekvenl|ln2z filtr typu p8smovs§ z

a) Vprost Sed? simul al n2ho progr amu Mul t i
sch®matu obvod pro§dhN&emj RG2 pSosmmD®n
dvoji-t PBok @.

b) Zhodnot obvodovich soul §stekfopypol tDte
c) Pomoc? Bodeho analyz8toru zobrazte am
charakteri st i kue gmie ns®@Hmiun fancietl@ e uovno §t e

do souboru.

d Zgr af T z 2psSkeadrncThcolz 2vm bodND odel t Dte hodno

fosmafoskvobou regi mech |4 hnnesmdDSes?nul ace/
e) Hodnoty kritifg/k(@xchpdlrteeknviesmltséndlace)t a ) ,
fosc©ON-l i ne mNSen2) navz§jem porovnejte a

-19-
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A4Dl oha : MDSeh? z8kl admdpeh alznpnoi]
zesiloval.i

4411 nvertuj2aperzalpro?i m n2es&lid ojvead eAOZ i)
a) Vprost Sed? simul al n?2ho progr a®uo Mul ti
sch®matu obviomdeprtoujrRlEBhmw2 zesil oval e
b) Pr o vgechny zadan® kombinacneapnN&piv®tor

zes?Ajiemertuj 2e®ho zapojen?

c)ZajistRNte, aby pougit@gpBassmenueadbg! y\
funk|l n2rl8d ogenenast avPre siifgrnesdoueinscpr T k F
aamplitudouUmax 100 mV.

d) Pomoc? oscil oskopa eafodktaizire2 ahozdmb$Su
avl stupn2ho nag@Btmbdi proevgeehbygbedn& v
naphRSov®yzmms?2 ! en?

e) Krozhmn2 myDAQobpSogojitneertuj 2md2Shoac 2 zesi |
pS2prazvay i st Dte, aby byl yr evggiencth nmpy pASQ s
(ol i ne mNSenz) .

f) ZopakujtbomhdDSdh? obeodu. e §1 n®m

g Hodnoty z2skan® v ploilntee nmmmMéseisetiaul a c 2 a

porovnejte a pS2padn® rozd2ly se pokus

442Neinvertujépgér alapomenésisl oval em

h)y Vprost Sed? simul al n2ho progr amu Mul t i
sch®matu obweed nyreao tnul) Sr2ho zesil oval e

) Pro vgechny imadcaen® ekdmbhor TnayPsdt ®t e
zes?Alm@nfvertuj 2o zapojen?

) ZajistNDte, aby poudgit@®@gpP®assimenueadbegl y\
funkln2ho gener §tob®hnasfgracgi we nsci2nubk ok F
aamplitudouUnax 100 nV.

Ky Pomoc?2 oscil oskopa eefodktaizire2 ahodmb$ u
avl stupn2ho naklPtmbi proevigeehbygbedn@ v
naphRSov®yzmmsg?2 ! en?
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) Krozhran2 mybDAQo@gSinpojpuwielrotwanBshomhd zes
pS2kur addjei,staby byly vgechryi m82 sny DAjQe
ol i ne mhNSenz2) .
mZopakujtbomhBDSdh2na re§l n®m obvodu.
n Hodnoty z2skan® v ploilntee mmmmMé&seisabau a c 2 a

porovnejte a pS2padn® rozd2ly se pokus

443NaphRNSovl s@ edoval
a) Vprost Sed? simul al n?2ho pr ogrgemuhMul t i
sch®matmapByod®hoOABl.edoval e s
b) Funkl n2 gener8usovinapt abbDe shkHE§Inu s f
aamplitudou 1 V.
c) Pomoc2 oscil oskopu zhoobdrnaozttue vas tunphStheo en
avl st upn2Upo Doappolt22t ejte vIisAmdn® naphSo
d Krozhran2 NI myDAQ pSipojtemhRSiwdchonap
pS2pravku.
e) Vonl ine regi mu zmpdkud.t eDondSlenttejzt e vIis

Zes%,skut
f) Hodnoty Auvyp Ausim AuskZ 2 Skan® v i pol tleinme smintid ra2crh
mezi sebou porovnejte a pS2padn® rozd?
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52 Technick8 dokumentace pS2pravk

521Sezn8§mditd c¢ m rozhran2m myDAQ
Viz pS2loha A

522MNSenz8kl adn2ch zapojen2 wusmBDr Roval
Viz pS2loha B

523MNSen?2 pasivn2dhIRGCTfrekvenl| n2ch
Viz pS2loha C

524728kl adn?2 opapajedam gesil oval em
Viz pS2loha D

53Laboratorn?z oviNSen? a fotodoku

Vi ® kapitole j e uvedeno | aboratoce? jedhN&e h? vk
mNSic2ch pSeggyr avkT spolu s
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Obr.19Hot ov® mNSi c2 pS2pravky

53.1Sezn§mdbd cem rozhran2m myDAQ
C2lem t®to %Y ohy ojvd §d8mhBmem2zhg8ha myl
nastaven2m (jednotlivich mnRS. pS2strojT uvt

Gk mnNRS2 jednoduchlT obvod se sv2tivimi di o
obr8zc2ch.

YL T T T XY

Obr.20MNSe@md Nt 2 -fnyaz iLED® zapojen?2 obvodu
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ﬂ l VVVVVV Checking SPICE netlist for P_MO1 - schema_1 - 6. dubna 2016, 14:50:45 ------ 4 |

:‘, Results | Nets | Components | Copper layers  smulation
For Help, press F1 = P_MO1 - schema_t: Simulating... Tran: 00195 NTTTTR

Obr.21MNSen?2 napRhRt?2 na LED zapojen?2 v simulalnzm

WAL

NI myDAQ

hosoOSeesRbesORIOLLY
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Obr.23MNSen? pr-pagdoj EED v simulaln2m programu
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NI myDAQ
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CHO Real

Unigue ID: Bode Analyzer 15:50:04 CHO Simulated

& LabVIEW Connections: ALO - AOO AI 1 - Signal

10000

Frequ (Hz}
Frequency (Hz) 1165,91 Phase (deg) -45,19 Gain 0,70 Gain (dB)

Obr.25VT stupn2 charakterogram

532Pol ovodi |l ovg diod

NI myDAQ

ve viuce el ektrot e

Parameter Value

Device myDAQL (NI myDAQ)
Start Frequency 100,00 Hz

Stop Frequency 10,00k Hz

Steps | decade 15

Peak Amplitude 1,00

Op-Amp Polarity Norrmal

Graph Mapping Logarithmic

Cursor Linked Plot

Cursor (Real)

z Bodeho anal yz§gt

a jako usmbdDrRoval

Vi ®t 0 Y%l oze sezgBaj srezmamajevaesei| ovich

usmniNr Rovzagreov e R A icharakielktke

uk8z8na spr8vn8 |innost

-33-

Naj 8Vl edughi cpeh

navr gen®ho mRSi c2ho



Vy gg?

odborng§

gkol a,
Pr8&8ceiVoyQilgi t 2

2SNt 1 cHEAY2D1B

St SedBeadBkovViack E€Eeha?2t uepidin

viuce

rozhran?

NI myDAQ

Obr.26MN S eAzharvdiodypr opust nl

Tab.4ZmnNSen® MMchamdiotyy V

smbDr

vV e

Regim myDAQe( omdSen?2)
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CHO Real s
CH1Real s
CHO Simulated m

Unigue ID: Osciloscope  23:09:46 cH1 simulated RN

ﬁ- LabVIEW_ Sample Rate: 10

Channel Settings Channel 0 Values | Channel 1 Values

Source AL D ALl
Voits { Div (V) v v
Vertical Posttion (Div) 0 (Div) 0 (Div)
Parameter Valus

Device Simulate NI myDAQ
Time Base (5) 5 ms

C1 Linked Plot CH 1(R)

C2 Linked Plot CH1(R)

Trigger Type & Slope Edge & Rising
Trigger Source Chan 0 Socurce
Trigger Lewvel (V) v

Horizontal Pesition (%) S0 Y

Timeout

Obr.28Pr TbNhy napRt?2 na jednocestn®m usmDr Rovali (s

Obr.29Fyzik ® zapoj en? obwsndlr Rlvwallceest n®h o
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CHO Real s
CH1Real s
CHO Simulated m

Unigue ID: Osciloscope  23:37:08 cH1 simulated RN

Channel Settings Channel 0 Values | Channel 1 Values
Source AL D ALl
Volts / Div (V) v v
Vertical Posttion (Div) 0 (Div) 0 (Div)
Parameter Valus
Device myDAQL (NI ryDAC
Time Base (5) 5 ms
C1 Linked Plot CH O (R}
C2 Linked Plot CHO(R)

§ ) Trigger Type & Slope Edge & Rising

@), Timeout Trigger Source Chan 0 Socurce
Trigger Lewvel (V) v
Horizontal Pesition (%) S0 Y

Obr.30Pr TbNhy naphDt asm&r Rovates{s®mul ace/ skutelnost

53.3MNSen2 pasivn2ch RC frekven|ln2ch f

PDkol em tg®&tkema Wl oze |johamsakmn&mi $t iskea ms ] ec
pasivn2ch RC |1 &8nkTBoaemmo camiall iytz §¢ior mmSe K2
vytvoSen mRSic?2 pS2pravek,pyndindmg, j $0omi¢e
adol n2 propust, p8smovs8§ pkoecpugte aem@dsfgr oy

n8sl eduj?2c2ch obr8zc2ch.

NATIONAL
INSTRUMENTS

NI myDAQ
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Obr.31Fyzick® zapojen?2 obvodu s doln?2 propust?
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CHO Real
Unique ID: Bode Analyzer 11:10:40 CHO Simulzted
:ALO-AQO O AI1- Signal
Parameter Value
Device myDAQ1 (NI myDAQ)
Start Frequency 10,00 Hz
Stop Frequency 10,00k Hz
Steps / decade 20
Peak Amplitude 1,00
Op-Amp Polarity Normal
Graph Mapping Logarithmic
Frequency (Hz) 1122,02 Pha: Cursor Linked Plot Cursor {Sim})
Obr.32Vi stupn?2 charakterogram z Bodeho

NATIONAL
INSTRUMENTS

NI myDAQ

AN B s

Obr.33Fyzi ck®
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CHO Real

Unigue ID: Bode Analyzer 21:07:23 CHO Simulated

ELabVIEW' Connections: ALO - AOO AI1

Parameter Value
Device myDAQL (NI myDAQ)
Start Frequency 10,00 Hz
Stop Frequency 10,00k Hz
Steps | decade 20
Peak Amplitude 1,00
Op-Amp Polarity Normal
Graph Mapping Logarithmic
Frequency (Hz) 1122,02 Phas 0 0,569 Gain (dB) Cursor Linked Plot Cursor (Real)

Obr.34VT stupn?2 charakterogram z Bodeho analyz§gt

¢sosecseecseesvss
tOee ne

Obr.35Fy z izakp® j e n2 sonbovwooduu psr opp8u s t 2
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CHO Real

Unigue ID: Bode Analyzer 22:43:01 CHO Simulated

i LabVIEW Connections: AL0 - A0 AI 1 - Signal

Frequency (|

NI myDAQ ve viu

| a, StSedBeadBkoViackE€eha?t ufepidin

ce elektrote

Parameter Value

Device myDAQL (NI myDAQ)
Start Frequency 10,00 Hz

Stop Frequency 10,00k Hz

Steps | decade 20

Peak Amplitude 1,00

Op-Amp Polarity Norrmal

Graph Mapping Logarithmic

Cursor Linked Plot Cursor (Real)

Obr.36VT stupn?2 charakterogram z Bode

Obr.37Fy zi ckj®e rz2za pobv
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CHO Real
Unigue ID: Bode Analyzer 23:07:28 CHO Simulated

= LabVIEW Connections: AL 0 - FGEN Al 1 - Signal

Parameter Value

Device Simulate NI myDAQ

Start Frequency 10,00 Hz

Stop Frequency 10,00k Hz

Steps | decade 25

Graph Mapping Logarithmic
Frequency (Hz) 524,81  Phase (deg) - - in 0,07 Gain (dB) -23,04 Cursor Linked Plot Cursor (Real)

Obr.38Vi stupn? charakterogram z Bodeho analyz§gt

5.3.4 MND S ekl ezd n 2 a poopjeerna2d e inili o v a |

Tato %W oha je navrgena tak, aby se g8k
operal n2ch jzgsiclhowdlalstamost mi . Na n8sl eduj 2
korektn2 fungovg&n2 navrgen®ho mRS. pS2pravk

NATIONAL
INSTRUMENTS

NI myDAQ

teeceennvee

2nsesesee

suppiied by

Obr.39Fyzi ck® zapojen?2 invertuj?2c2ho zapojenz
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Tab.5Vi st upn2 parametryviypoértujsimuhacedp&juemd nost)

Ry [kW] 20
VI po| R [kW 5 10 20 50 100 200
Aswpl T] -0,25 -0,5 -1 -2,5 -5 -10
Ul,sim
99,8 99,8 99,8 99,8 99,8 99,8
[mV]
Simulace| Uszsim
-24,95 | -49,9 -99,8 | 249,51| -499 | -997,98
[mV]
Ausm[ T | -0,25 -0,5 -1 -2,5 -5 -9,99
oni Ursk[V] | 101,2 | 101,2 | 101,2 | 101,2 | 101,2 101,2
nine
.| Usskw[V] | -25,7 -50,9 | -101,8 | -254,9| -503,8 | -1004
mhNDSe

Auskut[ T ] -0,254 -0,5 -1 -2,518 | -4,978 -9,92

Obr.40Fy zi ck®nezapej emp2c2ho zapojenz2 s O0OZ
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Unique ID: Osciloscope 12:41:26

Vypog§tlkeoadnot a

Re &l

gkol a,

St SedBad@kovVviack&€eha?2t ufe nidin

rozhran?
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CHO Real
CH1Real

[~
[~
CHO Simulated m
CH1 Simulated m

Sample Rate: 200

®  Timeout

Obr.41VT st upn?

NI myDAQ ve viuce el ektrote
Channel Settings Channel 0 Values | Channel 1 Values
Source AL D ALl
Volts § Div (V) 20 mV 50 my
Vertical Pasttion (Div) 0 (Div) 0 (Div)
Parameter Valus
Device ry DAQL (NI ryDAC]
Time Base (5) 200 us
C1 Linked Plot CHO(R)
CZ Linked Plot CH1(R)
Trigger Type & Slope Edge & Rising
Trigger Source Chan 0 Socurce
Trigger Lewvel (V) v
Horizontal Pesition (%) S0 Y
oscilogram z osciloskopu

Obr.42Fyzi ck®napp6pe®ho

mhodnot a
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6 Z8vDr

Na zal 8tku pr8§ce bymiSstadmoverzdrse2ms miytD,
spoluprac? se smmwludltnzsmmpr agrskrmn® poznatl

pozdRDj g2ho vyugit?2.

Dal g2 m Ykolem byl o vymysl et n8vrh vhodn
akt Dmt o Y%l ohf 82 svlyugvro®& i mNAh Y 2 bplSé p mayhw. 2z m?2
pS2pravky vyrobi tS?2 snhuusgenl8a tbeyc hsne sctka8v ednoak upme n-

Jakmile byly pS2pravky vyrobeny byl o | alk
spr8vnou |innost a vge n8legithND zdokumentov

Pro nedostat ek | asu Iohylsyejviychvo$royy ppua
ol aboratornkmvimdibeo?2 ul da by chtPDlo vymysl et
zaj?maviDjg?2 ide8l nhD takov®, kter® naplno vy

nahrazuje celou vhRDdeckou | aboratos§S.
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Cer met o
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l egat |l / H
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W SLS2 | odr i 0,025 A/ DIP 04 2 | ks| GME
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13 VD7 Dioda / 1N4007 A DO41 7 ks GME
Groubov SV(C)SrIEAo%/;nice
14 | x1 ag Svorkovnicedo AK500/2 6 ks | PTR AK500/
DPS, ver 2DS5 O-V/-
kontakty GREY
Jednostr a
15 i spoj 120x80 mm i 1 ks GME
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