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Electrical Systems |

Welcome to the Konica Minolta Electrical Systems 1 Course.
This course will take approximately 60 minutes to complete.

To begin the course click the forward arrow.
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e From small desktop copiers, to production printing; multiple electrical
systems are present no matter what their size, speed or whether they print in
monochrome or color.

* Shown here is the exploded view of the electrical parts within a production
print engine.

e Over the next three Electrical Systems courses we will learn about the core
parts you will need to make logical decisions to troubleshoot an electrical
problem.

® OT HEDONbLIMX HACTO/IbHbIX KOMMPOBA/IbHbIX anmnapaToB A0 CEPUNHOM
neyaTu; HECKOIbKO 3/1EKTPUYECKUX CUCTEM NMPUCYTCTBYIOT HE3aBUCUMO OT MUX
pa3mepa, CKOPOCTU UM OT TOTO, NeYaTatoT I OHU B MOHOXPOMHOM peXume
AW B LBETE.

* 37,€Cb NOKa3aH BU/, B pa30bpaHHOM BMAE SNEKTPUYECKMX AeTanel B
CEPUMNHOM MEeYaTHOM ABUKKeE.

* B TeueHMe creaytoumx Tpex KypcoB Mo 31eKTPUYECKMM CUCTEMAM Mbl
y3Haem 06 OCHOBHbIX KOMMOHEHTaX, KOTOPbIe Bam NoHaA0bATCs ANA NPUHATUA
NNOTUYECKUX PeLleHnit A1a YCTPaHEHUS HEMOA[0K B 3/IEKTPUYECKOM CeTu.
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Electronic Symbols
—>+  Diode
‘I F Capacitor
—~~~ Inductor
A~ Resistor
—_'}_— DC voltage source

@ AC voltage source

e Electrical systems are comprised of many components that can be
represented in different ways

* Here you see images of schematic representations of components,
actual components and a working circuit..

e When components are properly combined, they permit a copier or
printer to function.

* JIEKTPUYECKME CUCTEMbI COCTOAT M3 MHOMKECTBA KOMMOHEHTOB,
KOTOpble MOTyT ObITb NPeACTaBAeHbl MO-Pa3HOMY.

* 31eCb Bbl BUANTE N30OPAXKEHMA CXEMATUYECKOTO NpeacTaBAeHNS
KOMMOHEHTOB, PeaibHbIX KOMMOHEHTOB M paboyel CXembl.

e [1pn NPaBUIbHOM COYETAHNUMN KOMMNOHEHTOB OHM MO3BONAIOT
bYHKUMOHMPOBATL KOMUPY UK NMPUHTEPY.
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@ Learning Objectives

= |dentify the basic types of electrical circuits.

= Explain the basics of how to troubleshoot each component.

= Explain how to read a wiring diagram.

= Explain how to use a digital multimeter for diagnosing a circuit.

OnpefennTe OCHOBHbIE TUMbl 3NEKTPUYECKUX Liene.

OB6BACHUTE OCHOBbI TOTO, KaK YCTPaHWUTb HEMOMAAKM KaXKA0r0 KOMMOHEHTA.
Ob6BACHUTE, KaK YNTaTb CXEMY COEAMHEHWUI.

Ob6bACHUTE, KaK MCNO/b30BaTb UMGPOBOM MyNbTUMETP A9 ANATHOCTUKM LEenu.

Here are the objectives for this course.

We start off with the basic types of electrical circuits. They form the base of
knowledge for basic troubleshooting of any circuit.

Then we will learn the basics of how to troubleshoot a component in a circuit and
determine what is working or not.

We then wrap it up by learning how to read wiring diagrams and the use of a digital
multimeter.

BoT uenun atoro Kypca.

HayHem C OCHOBHbIX TUMOB 3NeKTPMYECcKux uenen. OHn popmmpytoT 6asy 3HaHUI
Ans 6a30BOro NOMCKa HEMCNPABHOCTEN B 1t0OON Lenu.

3aTem Mbl M3y4MM OCHOBbI YCTPAHEHMA HENONAA0K KOMNOHEHTA B LLEeNn U
onpeaennm, 4to paboTaeT Uam Her.

3aTem Mbl 3aBEPLUMM €r0, Hay4YMBLUMCb YNTATb CXEMbI SNEKTPUYECKMX COEANHEHMI U
MCNONb30BaTb UMPPOBOM MyNbTUMETP.
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fa= Course Overview

= Lesson 1: Basic Electrical Concepts
= Lesson 2: DC Circuit Theory

= Lesson 3: AC Circuit Theory

= Lesson 4: Switching Methods

= Lesson 5: Meter Basics

= Lesson 6: Wiring Diagrams

= Lesson 7: AC Power Sources

This course is comprised of 7 Lessons:

In Lesson 1, Basic Electrical Concepts covers what you will need to prepare you for lessons 2 through 7.

In Lesson 2, DC Circuit Theory you start to apply some of the concepts you learned in Lesson 1 in a Direct Current
Circuit.

In Lesson 3, AC Circuit Theory you will continue what you learned in lesson 1 and 2, but with Alternating Current.
In Lesson 4, Switching Methods that we will learn about the different methods of switching or controlling
components in a circuit.

In Lesson 5, Meter Basics we will talk about the different types of meters used during troubleshooting.

In Lesson 6, Wiring Diagrams you will learn about how to read and leverage Konica Minolta wiring diagrams when
troubleshooting.

In Lesson 7, you will finish the course with AC Power Sources. Here you will learn about the different outlets and
voltages. Also, how to verify that your customer has a good power source for their copiers and printers.

B ypoke 1 «OCHOBHble 3/1eKTpUYECKME KOHLEMLMM» PACCKa3biBAETCA O TOM, YTO BaM HYXKHO 1A NOATOTOBKM K
ypoKam co 2 no 7.

Ha ypoke 2 «Teopua Lenen NOCTOAHHOIO TOKa» Bbl HAYHETE MPUMEHATL HEKOTOPbIE KOHLENLMM, N3yHEHHble Ha
ypoke 1, B LenAx NOCTOAHHOIO TOKa.

Ha ypoke 3 «Teopusa Lienen nepeMeHHOro ToKa» Bbl MPOAO/IKUTE TO, YTO Bbl Y3HaAM Ha ypoKax 1 1 2, Ho C
nepemeHHbIM TOKOM.

B ypoke 4 «MeToabl KOMMYTaLMMU» Mbl Yy3HAEM O Pa3/IMYHbIX METOAAX KOMMYTALLMK UKW YIPaBAEHMA
KOMMOHEHTaMM B LUEeNK.

B ypoke 5 «OCHOBbI CHETYMKA» Mbl MOTOBOPUM O PA3/IMYHbIX TUMAX CHETYMKOB, MCMOIb3YEMBIX NPU YCTPAHEH WM
HenonaokK.

B ypoKe 6 «3n1eKTpnyecKkmne cxembl» Bbl y3HAETE, KaK YMTATb M MCMNO/b30BaTh 31eKTpuyeckmne cxembl Konica Minolta
npw yCTPaHEHWN HENONALOK.

Ha ypoke 7 Bbl 3aKOHYMTE KYPC C UCTOYHWKAMM NMUTaHWA NepeMeHHOro ToKa. 34eCb Bbl y3HaeTe O Pas/IMYHbIX
po3eTKax 1 HanpAKeHnAxX. Kpome Toro, Kak NMpPoBEPMTL, YTO Ball KIMEHT MMEET XOPOLMN MCTOYHUK MUTaHWUA 414
CBOMX KOMMPOB 1 NPUHTEPOB.
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1 Basic Electrical Concepts

= Electrical Energy

= \oltage

=  Current

= Resistance

= Ohm'’s Law

= Elements of a Circuit

Have you ever received a shock from static electricity?

Believe it or not, that experience encompasses each of the
topics of discussion for this lesson.

This lesson will cover Electrical Energy, Voltage, Current,
Resistance, Ohm’s Law and the Elements of a Circuit.

Before you can start troubleshooting an electrical circuit, it
IS important you know the basics!

Bbl KOraa-HMbyab Noay4anm yaap oT CTaTUYECKOro 3N1eKTpU4ecTsa’?

XOTuTe BEpPbTE, XOTUTE HET, HO 3TOT OMbIT OXBATbIBAET KaXKAyto M3 TeM 0OCYKAEeHMA 3TOro
YPpOKa.

3TOT ypOK ByAeT 0XBaTbiBaTb 3/IEKTPUYECKYIO SIHEPTULID, HANPSAXKEHME, TOK, CONPOTUBAEHMUE,
3aKoH OMa M aleMeHTbl Lenu.

Mpexae 4em NPUCTYNNTb K MOUCKY HEMCNPABHOCTEN B 3/1EKTPUYECKON LEMM, BaXKHO 3HATb
OCHOBbI!



outiard

ASSOCIATE

1.1 Electrical Energy

T Energy = Electrical, Mechanical, Heat, Chemical, Light.

Electrical energy is all around us as shown in the images on
the screen.

Lets see how copiers and printers use that energy.

The electric quantity is expressed in the amount of electrical
charge, with the unit of the quantity of the electric charge
referred to as the “Coulomb”.

JNeKTpUYecKan sHeprua OKPyKaeT Hac, KaK NMoKasaHo Ha M300parkeHUsaX Ha aKpaHe.
[laBainTe MOCMOTPUM, KaK KOMMPbI U MPUHTEPbI UCMOb3YIOT 3TY SHEPTUIO.

Ko/IM4ecTBO 2/1eKTPUYECTBA BbIPaXKaeTCA B KOJIMYECTBE 3/1IEKTPMUYECKOro 3apsaa, Mpruyem
eANHNLA U3MEPEHUS KOZIMUYECTBA 3/1IEKTPMUYECKOro 3aps/1a Ha3biBAETCSH «KYJIOHOBCKMMY.



1.2 Voltage Overview 4

Alessandro Volta:

The term volt w.

= Was an ltalian physicist, chemist.
= Was a pioneer of electricity and power.
= |s credited as the inventor of the electrical battery.

as named for Volta.

Voltaic Pile - Battery
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Alessandro Volta

Alessandro Volta was an Italian physicist and chemist.

Volta is credited for discovering and pioneering the electrical
concepts of voltage.

Volta invented the Voltaic Pile or the first battery in 1799 and
with this invention, proved that electricity could be generated

chemically.

That invention sparked a great amount of scientific excitement

and led others to conduct similar experiments.

For Volta's discoveries, the term volt was named after him.

AneccaHapo BonbTa 6bi1 UTANbAHCKMM GU3NKOM U XMMUKOM.

BonbTa NpM3HaHa 3a OTKPbITUE M Pa3paboTKy 3NEKTPUUYECKUX KOHUENUMI HaNPAXKEHNS.
BonbTta n3obpen Voltaic Pile nan nepsyto 6atapeto 8 1799 roay 1 ¢ NOMOLLbIO 3TOrO
n30b6peTeHna AoKa3aa, YTO INEKTPUYECTBO MOXKET ObITb MPOM3BEAEHO XMMMUYECKUM NMYyTEM.
3710 n30bpeTeHmne BbI3BaN0 HONbLIOE Hay4YHOE BOHEHWE M NOBYANNO APYrUX NtOAEN

npoBeCTN aHa/1I0TM4YHbIE 3KC

NEPMMEHTDI.

[na oTKpbITUIN BoNbTa, TEPMUH BOILT BbIa1 Ha3BaH B €ro YecTb.
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Voltage is:

Konnyectso AaBNneHnA B a1eKTpn4ecTBe N USMePAETCA B BOIbTax.
= The amount of pressure in electricity and is measured in volts.

Current

@i

Water Valve Closed — No water flow Electrical Outlet — No electrical flow

Electricity has a few characteristics that are important to technicians.

Voltage is the amount of pressure in electricity and is measured in volts.

Think of voltage as a potential, or the difference between electricity
flowing or not.

Voltage potential can be compared to the pressure of water in a pipe.
If the valve is closed there is no water flow but there is potential.
This process is similar to an electrical outlet with nothing plugged into it.

A voltage potential is present but no electricity is flowing.

DNeKTPUYECTBO MMEET HECKO/IbKO XapaKTePUCTUK, KOTOPbIE BaXKHbl 414 TEXHUKOB. HanpsaxkeHue
npeactasnseT cobon BENNUYMHY JaBNEHMA B 31EKTPUYECTBE U M3MEPAETCA B BO/SIbTAX.

[ymaliTe 0 HanpaAXeHUN Kak 0 NOTeHUMANE, NN PA3HULLE MEXKAY SNEKTPUYECTBOM UM HET.
[oTeHUMan Hanpsa»KeHMa MOXHO CPaBHUTbL C AaBfeHMeM BOAbl B Tpybe.

Ecam KnanaH 3aKpbIT, HET NOTOKa BO/bI, HO €CTb NOTeHLMan.

3TOT NPOLLECC NMOXOXK Ha INEKTPUYECKYIO PO3ETKY, B KOTOPOM HMYEro He noAxAto4eHo. MNoTeHuman
HaNpPAKeHMA NPUCYTCTBYET, HO 3IEKTPUYECTBO He TeyerT.
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André-Marie Ampére:

= Was a French physicist and mathematician.

= Was one of the founders of electromagnetism.

= Unit of measurement of electric current (the ampere or amp).

Image of a magnetic field.

Ampere was a French physicist and mathematician and was
one of the founders of the science of classical
electromagnetism.

The unit of measurement of electric current or the ampere or
amp was named after him.

This magnetic field is key to how we control mechanical
actions by the use of electromagnetism to energize a relay or
solenoid.

Amnep 6bin GpaHLYy3CKUM GU3MKOM M MATEMATUKOM M BblN OAHMM M3 OCHOBATE/NEN
HayKM O KNaCCMYECKOM 3/1eKTPOMarHeTnsme.

EAMHULEN M3MEePEHUNS SNEKTPUYECKOTO TOKa Bbl/l Ha3BaH ero amnep namn amnep.

3TO MarHUTHOE MNoJie ABAAETCA K/OYOM K TOMY, KaK Mbl KOHTPOIMPYEM MeXaHUYeCcKme

BO3A€MCTBMH C NOMOLWBbKO 3NEKTPOMATHETU3IMA /14 NOAA4YN MUTaHMA Ha pene Nan
coneHonAa.
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Electric Current Theory

Current: \oltage Potential:

Water (electrons) flowing Water (current or electrons)
not flowing

Electrical energy must be flowing to produce work. This flow of
electrical energy is called current and the unit of measurement is the
ampere. The measure of current flow is expressed as amps.

3/'IeKTpVNECKaﬂ SHEeprna AoNxKHa Te4b, 4TOObI nponseecTu pa60Ty. STOT NOTOK
3/'IeKTpl/NECKOl7I SHEePrMn Ha3blBaeTCA TOKOM, a eAVIHVILI,em n3mepeHna ABnAaeTca
amnepa. I\/Iepa MOTOKa TOKa BblpaxKaeTCA B amnepax.

Earlier we discussed that voltage is the measure of the pressure of electrical potential. In comparison,
current is the measure of the actual flow of electrical energy. The electrical current flows by the
movement of electrons or negative charges.

Think of the water pipe and valve we discussed earlier. When the valve is opened, the water flows.

If the valve is only opened a little, only a little water flows.

If the valve is fully open, the water flows with maximum pressure based on the size of the water pipe.
Amperage or current flow occurs when an electrical device is plugged into an outlet and turned on. The
amount of current flow equals the amount of work needed. When the device is plugged in, other electrical
characteristics such as the size or gauge of the wire determine the amount of current flowing.

Just like the size of the pipe has an impact on how much water pressure is available in our valve example.

PaHee Mbl 0b6Cy»Kaann, YTO HaNPAXKEHWE ABNAETCA MePOM AaBNEeHMA SNEKTPMUYECKOro noteHumana. na
CPaBHEHMA, TOK ABNAETCA MepOoi GaKTUYECKOro NOTOKA 3NEKTPUYECKOM SHEPTUM. DNEKTPUYECKMI TOK TeyeT
OT ABWMMKEHMA 3NEKTPOHOB AN OTPULLATENbHbIX 3aPAA0B.

MoaymalTe o0 BoAoONpoBOAHOM Tpybe 1 KnanaHe, KoTopble Mbl 06cyKaann paHee. Korga KnanaH OTKPbIT,
BO/a Teyer.

Ecan KnanaH OTKPbIBAETCA TO/IbKO HEMHOTO, TEYET TOIbKO HEMHOTO BOAbI.

Ecnamn KnanaH NOAHOCTbIO OTKPLIT, BOAA NPOTEKAET C MaKCMMaAbHbIM AaBAEHUEM B 3aBUCMMOCTH OT
pa3mepa BOAONPOBOAHOM TPYDbI.

[MOTOK TOKa MM TOKA BO3HMKAET, KOrAa 3/1eKTPUYECKOe YCTPOMCTBO NOAKAOHEHO K PO3ETKE U BKAOUEHO.
KonnyecTBO TeKyLLero NoToka paBHO KOMYeCTBY Heobxoammown paboTbl. Koraa ycTponcTBO NOAKAOHEHO,
ApYyrne sNeKTPUYeCcKne XapakTePUCTUKN, TaKMe KaK pasmep Uam AMamMeTp NPpoBOAa, ONPeaenatoT BEANYMHY
npoTeKatowero Toka.

TaK e, KaK paamep Tpybbl BAUAET Ha TO, KaKoe AaBneHne BOAbl MMEEeTCA B HallemM NpUMepe C KAanaHoM.
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Georg Simon Ohm:
= Was a German physicist and mathematician.
= Began research with the new electrochemical cell.
* Found a direct proportionality between voltage and current.
= The Ohm Symbol was named for Georg Ohm.
leopr CalimoH Om:
W Guin HemeUgnit UMK M MaTeMaTuK.
B Hauanuco MccneaoBaHMA ¢ HOBOW 3NEKTPOXUMMUYECKOM AYEitKOoiA.

M Hawen npamylo NPONOPUMOHANBHOCTb MEX/y HanpAXKEeHWEeM 1 TOKOM.
B CumBon Oma 6bin1 Ha3BaH No UMeHu Feopr OMm.

@)

The Ohm Symbol for Resistance

As a school teacher, Ohm began research with the
electrochemical cell.

Ohm found that there was a direct proportionality between the
potential difference of voltage that is applied across a
component and the resultant electrical current.

For this research in how resistance effects voltage and current,
the symbol for resistance the ohm was named for him.

Byayuun WKonbHbIM yuntenem, OM Hayan MccneaoBaHmnA ¢
3IEKTPOXMMUNYECKOMN AYENKN.

Om 0B6HapyXu, YTO CyWECTBYET NpAMasa NPONOPLMOHANbHOCTb MEXAY
PA3HOCTbIO MOTEHLIMANOB HANPAXKEHNA, MPUNOKEHHOTO K KOMMOHEHTY, U
PEe3yNbTUPYIOLLMM INEKTPUYECKMM TOKOM.

[1ns 3TOro nccnenoBaHMA TOro, Kak CONPOTUB/IEHNE BAMAET Ha
HanpAXeHMe M TOK, B YeCTb Hero Hbla Ha3BaH CMMBO CONPOTMBAEHMA OM.
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* Measured in ohms using a volt-ohm meter. | -

Heat Light

Current

Resistance

Resistance is the ability of a material to oppose or restrict the flow of current. Some materials restrict the flow of current
more than others, and are said to have a higher resistance. As current passes through a component that offers
resistance, the current is converted into forms of energy such as heat or light. When current is converted to another
form of energy, electrical energy is expended. To control how much charge flows, electrical resistance is applied to the
flow.

Consider a water hose:

Resistance is less when the hose is shorter or has a larger diameter. Resistance is greater when the hose is longer or has
a smaller diameter. Example: Closing the end of the water hose controls how fast the water comes out.

In electrical circuits:

Resistance is less when the wire is shorter or has a larger diameter. Resistance is greater when the wire is longer or has a
smaller diameter. Aresistor that is wired into a circuit is used to control the amount of current in the circuit. Load
components, such as solenoids and motors offer resistance to current and expend electrical energy when they are
energized.

ConpoTMBEHME - 3TO CNOCOBHOCTb MaTepuana NPOTUBOCTOATb UM OrPaHNYMBATL TeYeHWe ToKa. HekoTopble MaTepuansl
OrpPaHNYMBALOT TOK HOsbLLE, HEM APYTUE, U, KaK TOBOPAT, MMetoT Ho/ee BbICOKOe conpoTnaaeHmne. Koraa ToK NpoxoamuTt
Yyepes KOMMNOHEHT, KOTOPbIM NpeasaraeT CONPOTUBAEHME, TOK NpeobpasyeTca B TakMe GOpMbl IHEPTUK, KaK TENIO UK
cseT. Koraa Tok npeobpasyeTca B Apyryto Gopmy SHepPrum, sNeKTpuYeckan sHeprua pacxogyetca. Y1obol
KOHTPO/IMPOBATb, CKOJIbKO MOTOKOB 3apALa, 3/N1eKTPUYECKoe CONPOTUBIEHNE NPUNOXKEHO K MOTOKY.

PaccmoTpmm BOAAHOM LLNAHT:

ConpoTuBAeHWEe MeHbLUE, KOTAa LWAAHT Kopoye Uan nmeeT 6onblinii AnameTp. ConpoTusaeHne 6onblie, Koraa WaaHr
ONVHHEE UM UMEET MeHbLUMI AnameTp. Mprmep: 3aKpbITMe KOHLL@ BOAAHOIO WAAHTa KOHTPOIMPYET, Kak BbicTpo
BbIXOAMWT BOAA.

B aneKkTpmyeckmx uenax:

ConpoTuBaeHne MeHblUe, Korga NPOBOA KOpoye Uan nmeeT bonbwnin anameTp. ConpoTmeneHune bonblue, Koraa
MPOBOJ/IOKA A/IMHHEE UM UMEET MeHbLUMI AnameTp. Pe3nctop, KOTopbI NOAKYEH K Lenu, CNob3yeTca ANs
KOHTPOAIS BEIMYMHbI TOKA B Lienu. Harpy3o4Hble KOMMNOHEHTbI, TaKMe Kak coneHouapbl 1 ABuratenn, obecneumnsatot
COMPOTUBIEHME TOKY M PACXOAYIOT 3/1EKTPUYECKYIO SHEPTUIO, KOTAA OHW HaXOAATCA MO HaNpPAXeHUEM.
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Ohm’s Law,
V =17*R, allows us to calculate Voltage (V), Current (1), and Resistance (R) within a circuit.

R =47 K ohms

Vv

+

V=72 Vdc I=5ma

I|R

To find V, multiply 0.005 * 47000

To view sample circuit

equations, Click V, | or R. 0.005 * 47000 = 235 Vdc

V, Voltage

MSEsURERin voli Y To find voltage V =1 * R using this formula

Is energy per unit of charge Voltage (V) = Current (1) * Resistance (R).
1V =1 joule/coulomb

With this definition of resistance, Ohm designed a formula for figuring the voltage, current
and resistance of an electrical circuit.

As we mentioned earlier, for electrical energy to perform work, it must be flowing.

Ohm'’s law helps us to identify the appropriate electrical components to include in a circuit to
control the electricity for operation.

To view sample circuit equations, click the V, | or R.

C aTum onpeaeneHmem conpotmeneHma Om paspaboTtan Gopmyny ANA pacyeTa HanpsKeHus,
TOKa M COMPOTUBAEHMA INEKTPUYECKON LIEMMN.

Kak mbl yXe ynoMMUHann paHee, 4Tobbl 31eKTPUYECKan IHEPTUA BbINOAHANA PaboTy, OHa
[NONIXKHA Teub.

3akoH OMa nomoraeT Ham onpeaennTb COOTBETCTBYIOLLME INEKTPUYECKME KOMMOHEHTbI,
KOTopble A0/KHbI ObITb BK/OYEHbI B LIEMNb A5 YNPaBAEHNSA 31EKTPUYECTBOM A/15 PaboThbl.
YTobObl MPOCMOTPETH MPUMEPbI CXEMHbIX YPaBHEHWI, HaxmuTe V, | nam R.
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‘ Conductor ‘
L}

(+) Source

Load

Component

Return or
(-) Ground

t | Conductor I

Electrical circuits consist of four elements: source, load,
conductors, and a return.

Shown in this diagram is a very simple circuit or schematic.

A schematic is a visual representation of the electrical
components of a device and the connections between them
used for troubleshooting.

In this animation, we see that the electron flow from the
positive source to the ground.

DNIEeKTPUYECKME LLenm COCTOAT M3 YeTblpex 3/1EMEHTOB: MCTOYHMKA, HAarpysKu,
npoBOAHNKOB 1 BO3BPATAd.

Ha aTon anarpamme NokasaHa O4eHb NPOCTaA Uerfb UM CXeEMaA.

Cxema - 3TO BM3yasibHOEe npeAcTaBieHne 3/1eKTPUYECKMX KOMMOHEHTOB
yCTpomCTBa 7 COG,[I,MHGHMVI mexay HMUMKN, NCrnosibayemolX anAa yCTpaHeHnA
HENONadOoK.

B aTomn dHMMaUuni Mbl BUOWNM, YTO S/TEKTPOH TeYET OT NONOKNTE/IbHOTIO
MCTOYHNKaA K 3eMNE.
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Source = a device or output that supplies voltage.

115 VAC Outlet Transformer Low Voltage Power Supply

® oo

230 VAC Outlet Lithium Batteries

Click any picture for a description

The source is a device or output that supplies voltage to one circuit, or
many circuits.

Source voltages are distributed throughout the circuits along wires that
are called supply lines.

The main source for most of the machines electricity is 115, or 230 volts
AC from the wall outlet.

We will see later, an AC transformer and a DC power supply change the
wall current into smaller AC and DC voltages for operating different

circuits.
Batteries are also a source of electricity for small circuits to retain
memory.

Click any picture for a description of the different voltage sources.

NCTOYHMKOM ABASETCA YCTPOMCTBO MM BbIXO/, KOTOPbIM NOAAET HaNPsAXeHMe Ha OAHY UEeMb UM HECKOJTbKO Lenen.
HanpAaxeHna NCTOYHMKa pacnpeaenatoTca no Lensam BA0Ib NPOBOAOB, KOTOPbIE HAa3bIBAKOTCA IMHUAMM NUTAHMA.
OCHOBHbIM UCTOYHMKOM /19 6ObLIMHCTBA MallMH ABAseTcs HanpsxeHue 115 nam 230 B nepemeHHOro Toka ot
HaCTEHHOW PO3ETKMW.

Mbl yBUAMM NO3XKE, YTO TpaHCHOPMATOP NEPEMEHHOTO TOKA M UCTOYHMK MUTAHMA NOCTOAHHOIO TOKa NpeobpasytoT
TOK M3 PO3ETKN B MEHbLLMNE HAMPSKEHUA NEPEMEHHOTO U MOCTOAHHOIO TOKa A1 PaboTbl Pa3INYHbIX LEnen.
AKKYMYNATOPbI TaKHKe ABNAIOTCA UCTOYHMKOM 3/1EKTPMYECTBA A/19 HEGONbLIMX Lienei, YToObl COXPaHUTb NaMATb.
Haxkmute Ha ntoboe nsobparkeHne 4aa onnucaHnsa pasanyHbiX MCTOYHMKOB HaMNPsKEeHUA.
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Load = any device that uses current.

Lamps Motors

3 Solid-State Relay
Solenoid Relay

Aload is any device that uses current to perform work.

Current is converted to other forms of energy as it flows
through load components.

Lamps convert electricity to light & heat.

Solenoids, motors and relays convert electricity to mechanical
energy.

The mechanical energy performs work like opening or closing
a latch, feeding of paper or supplying of electricity to other
components.

Harpyska - 370 1toboe yCTpOMCTBO, KOTOPOE UCMONb3YET TOK A/1A
BbIMNO/IHEHWNS PAbOTHI.

Tok npeobpasyeTca B Apyrne BUAbl IHEPTUM NPU MPOXOKAEHNM Yepe3
KOMMOHEHTbI HAarpy3Ku.

JTamnbl NpeobpasytoT 3NEKTPMUYECTBO B CBET U TEM/O.

ConeHouapl, ABUraTeNn 1 pene npeobpasyoT INEKTPUYECTBO B
MeXaHWNYeCKYo IHepruto.

MexaHn4yecKkas sHeprmua BbINOAHAET TakKMe AeNCTBUA, KaK OTKPbITUE UK
3aKpbITUE 3aLleNIKK1, Nogada bymarn nam nogava aNeKTpmuyecTsa Ha
Apyrve KOMMOHEHTbI.
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Conductor = a path for the flow of current.

Solid and Stranded Wires

CnNoLWHbIe U MHOTOXW/IbHbIE NPOBOAA

/‘“ <nmuu'.._‘... §

Copper Silver Gold Platinum Aluminum

A conductor is the part of an electrical circuit that provides a path for the current flow.
When electronic circuits are designed, the resistance of the conductor material has a key
impact. Depending on the type of circuit in use, many types of conductors are available.
Wiring like copper, silver, gold and platinum are used because of their very low electrical
resistance.

Of course, the cost of each of these materials is also a consideration so gold and platinum
are only used in the most critical circuits.

Aluminum is another good conductor but is typically used only in commercial or industrial
applications and in very large diameters because smaller diameters may overheat.

MPOBOAHMK - 3TO YaCTb INEKTPUYECKOM Lienn, KoTopas obecrneymBaeT NyTb A1 NPOTEKAHUS
TOKa. Koraa snekTpoHHbIe CXxeMbl CNPOEKTMPOBaHbI, CONPOTUBAEHNE MaTepuana
NPOBOAHMKA OKa3bIBAET KAtOYEBOE BANAHME. B 3aBUCMMOCTM OT TMMA MCMNOb3yEMOM LEenm
[OCTYMHO MHOTO TUMOB NPOBOAHMNKOB.

MpoBoaKa, Takas Kak Meab, cepebpo, 30/10TO M NAATMHA, UCMNO/b3YIOTCA M3-3a MX OYEHb
HWU3KOTO 3/1IEKTPUYECKOrO COMPOTUB/IEHMA.

KOHEeYHO, CTOMMOCTb KaXKA0ro M3 3TUX MaTEPMUANOB TaKKe YUNTbIBAETCA, MOSTOMY 30/10TO U
NAaTUHA UCMOIb3YIOTCSA TONbKO B CaMbIX BayKHbIX LIEMSAX.

ANOMUHUI ABNAETCA ellle OAHUM XOPOLIMM NPOBOAHUKOM, HO ODbIYHO MCMONb3YETCS
TO/IbKO B KOMMEPYECKMX UM MPOMbILLAEHHbIX MPUMEHEHUAX U NPU 0YeHb BOMbLINX
AMaMeTpax, NOCKO/IbKY MeHbLLME ANaMeTPbl MOTYT NeperpeBaThbes.



. outMard
ASSOCIATE
f Bo3spaT AW 3eMNAa = rae ToK TeveT AnAa JoCTUXeHMA 9/'IGKTpI/NECKOVI HeﬂTpaanocm.

Return or ground = where current flows to achieve electrical neutrality.

Conductor
Source
Load
Component
Return or
Ground
Conductor

So far we have discussed the voltage supply and current flow of circuits. For current to flow
we need more than just source voltage, conductors and a load.

We must have a ground - sometimes referred to as "return or neutral". An electrical circuit
with voltage applied and no access to ground or neutral is called "an open circuit".

An open is also defined as "infinite resistance to ground".

A ground or neutral is necessary to "complete" an electrical circuit.

A circuit without ground is a circuit with electrical potential without the ability to do work.
Thinking back to our water pipe analogy, a circuit without ground is like a water pipe with a
closed valve and no way to open it.

Grounds are all connections to the same place, a point of zero voltage but with different
purposes:

[1o cux Nop Mbl 06CYKAaNM HANPSAXKEHWE NUTAHWA M TOK B Lienax. YToObl TOK NpoTeKan, Ham
HY*KHO 60/blLE, YEM NPOCTO HAMNPAKEHNE UCTOYHMKA, MPOBOAHMKN U HArpy3Ka.

Y Hac AOMKHO ObITb OCHOBAHME - MHOTAA €ro Ha3blBaloT «BO3BPALLEHNE UAN HENTPAZIbHOCTbY.
DNeKTpMYecKan Lenb C NPUAOKEHHbIM HAaMPAXKEHNEM WU OTCYTCTBMEM A0CTYNa K 3eME UK
HeNTPanM HasblBaeTca "Pa3soMKHYTOM Lienbto".

Pa3pbiB TaKKe onpeaenaetcs Kak «becKoHeYHoe CONPOTMBAEHNE K 3EM/IEY.

3a3emneHune uan HemTpasb HeobXoAMMbI AN «3aMbIKaHMAY» SEKTPUYECKOM Lienu.

Llenb 6e3 3a3emMneHunA - 37O LeNb C 3NEKTPUYECKMM NOTEHUMANOM HE3 BOSMOMKHOCTH
BbINO/IHATL PabOTy.

Bo3Bpalladch K Hallen aHanorMm ¢ BogoNPoBOAHOM TpyDOM, KOHTYP 6e3 3a3emMIeHNA MOXOXK
Ha BOAOMNPOBOAHYHO TPYDY C 3aKPbITbIM KNanaHOM M 63 BO3MOMKHOCTM ero OTKPbITb.
3a3eMNeHuns - 3TO BCe COeAMHEHMA B OHOM MECTE, TOYKA HY/1IEBOr0 HaNPAXKEHMsA, HO ANA
Pa3HbIX Lenen:



Earth ground is a theoretical zero volts. Arod is driven into the ground to
provide the earth ground. Earth ground is zero theoretically because
environmental conditions can cause variances.

An important aspect for us to understand is that for the circuits we will work
on, all earth grounds are tied to the same electrical reference.

Thereby, providing a consistent ground for that circuit, component or device.
Chassis ground is the box or frame in which a circuit is built.

Typically, it is ground to make a barrier between the user and the circuits
inside to prevent electric shock or to shield against interference or radiation.
Chassis ground should be connected to the other grounds.

Signal ground is reference points from which that signal is measured.

Due to the inevitable voltage drops when current flows within a circuit, some
'ground’' points will be slightly different. There also may be several signal
grounds in a circuit.

3emns 3a3eM/IeHMA NpeacTaBiaeT cobo TEOPETUYECKMIA HOMb BOJTbT.
CTeprkeHb BOMBaeTCs B 3eM/t0, YToObl 06ecneunTb 3a3emieHne. 3ems
TEOPETUYECKM PaBHa HY/HO, MOTOMY YTO YC/IOBUS OKPYKatoLLEn cpeabl MOryT
BbI3bIBaTb OTK/IOHEHMA. HaM BaXKHO MOHATL, YTO A5 Lenen, Hag KOTOPbIMM
Mbl Byaem paboTaTb, BCE 3a3eM/IeHNS NMPUBA3aHbI K O4HOMY U TOMY e
3NEKTPUYECKOMY 3a4aHMUIO.

Taknum obpasom, obecneymsas NOCTOSHHOE 3a3eM/IeHMe 414 3TON Lenu,
KOMMOHEHTa UM YCTPOMCTBA. 3a3eM/IeHMe Kopryca - 3TO KOPobKa UM pama,
B KOTOPYIO BCTPOEHA Lienb.

Kak npaBuio, 3a3emneHune co3gaet bapbep Mexay noab3oBaTenem u
BHYTPEHHUMM LenAaMn A5 NpeoTBPaLLEeHNA NoPaKeHUa 3NeKTPUYECKMM
TOKOM WA ANA 3aLLMTbI OT MOMEX U/ U3JTyYeHUA. 3a3eMIeHNe Waccu
JNOIKHO ObITb CBA3AHO C APYTrMMM 3a3eMAEHUAMMU. 3a3eMIEHNE CUTHANA - STO
KOHTPO/IbHbIE TOYKM, N3 KOTOPbIX M3MEPSAETCA 3TOT CUTHAI.

13-33 HEN3HEKHOTO NaAeHUA HANPAXKEHUS NPU NPOTEKAHWM TOKa B Lienu
HEKOTOPbIE TOUYKM 3a3eMIeHMa ByayT HEMHOTO OT/IMYaThLCA. B Lenn Takxke
MOMET BbITb HECKOJIbKO CUTHAbHbIX 333EM/IEHUNA.

21
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Main
QOutlet / Source Transiamnar DC Power Logic
Voltage Supply Board

Load
Components

Assembled here is a more complex schematic.

After we cover each element of a schematic, we will see how they are displayed.

Lets look at the source first. The outlet provides the power or source voltage.

Next, the Main Logic Board controls and monitors the components.

The conductors or the wires between the devices carry the supply voltages, switching
voltages, grounds or signal lines that monitor the operation of the components.
Finally the Load Components are motors, solenoids, lamps, and sensors.

3aecb cobpaHa 6osee C0XKHaA Cxema.

[Mocne Toro, Kak Mbl PAaCCMOTPUM KaXKZbli 9/1EMEHT CXEMbI, Mbl YBUAMM, Kak OHU
oTobparkatoTca.

[aBaliTe cHa4Yana NOCMOTPMM Ha UCTOYHMK. Po3eTKka obecneynBaeT nuTaHMe Uan
HanpsAKeHMe NCTOYHMKA.

3aTeM OCHOBHas I0rMYeckan naaTa KOHTPOAMPYET M KOHTPOAMPYET KOMMOHEHTbI.
[MPOBOAHMKM MAM NPOBOAA MEXKY YCTPOMCTBAMM HECYT HANPAKEHUA MUTAHNUA, HAaNPAXKEHUA
NepeKNtOYEeHNs, 3a3eMIEHMA NN CUTHAIbHbIE IMHWUK, KOTOPblE KOHTPOAMPYOT paboTy
KOMMOHEHTOB.

HaKoHel, KOMNOHEHTbI Harpysku - aTo ABuUratesan, coneHomgbl, 1amrnbl N AaTHUKNA.
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1 Basic Electrical Concepts — Review

= You should now have an understanding of basic electrical
concepts and the elements of an electrical circuit.

= We will now look at a simple DC circuit and discuss how it
operates. We will also do some investigative work to locate
possible malfunctions in the circuit.

Tenepb y Bac A0/KHO BbITb MOHMMAHME OCHOBHbIX 3/1EKTPUYECKMX
KOHLEMUMWA 1 31eMEHTOB 3NEKTPUYECKOM LIEMMU.

Tenepb Mbl PACCMOTPUM MPOCTYIO LieMb NOCTOAHHOIO TOKa U
obcyaym, Kak oHa paboTaeT. Mbl TaKKe NpoBeaem HEKOTOPYHO
CNefCTBEHHYIO PaboTy, 4ToBbl HaMTWM BO3MOMKHbIE HEUCMPABHOCTA B
uenm.

The key points that we have covered so far are; Volt, Ohm,
Amp and Source, Conductor, Load and Return.

Next we are going to look at a basic DC circuit.

KntoueBbiIMM MOMEHTaMM, KOTOPbIE Mbl YXKe PacCMOTPenu, ABNAIOTCA: BonbT,
Om, Yeunutens n IctouHuK, MNMposoaHMK, Harpy3ska n Bosspar.
[anee Mbl pacCMOTPUM OCHOBHYIO LieMb MOCTOAHHOIO TOKa.
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2 DC Circuit Theory

DC Circuits

Digital Voltmeter

Meter Voltages

Testing: Source, Wiring, Component, switch, and Ground
Efficiency in Testing Circuits

Now that we have been introduced to some basics regarding
electrical circuits, lets introduce a couple of circuits.

The first is a DC circuit. DC stands for Direct Current, and will
cover that in a moment.

We will also learn about using a digital voltmeter and other
topics important to know during troubleshooting DC circuits.

Tenepb, Korga Mbl MO3HAKOMWUANCH C HEKOTOPbIMM OCHOBaMM, KaCcatoLMMMCA
3NEeKTPUYECKMX Lienen, AaBanTe NpeacTaBMm Nnapy CXeM.

MepBbli - 3TO LEeNb NOCTOAHHOIO TOKA. MOCTOAHHbLIN TOK 0603HavaeT
NOCTOAHHbIM TOK, M OXBAaTUT 3TO Yepe3 MrHOBEHME.

Mbl TaKk¥e y3Haem 06 MCnoab30BaHUM LMGPOBOro BOILTMETPA M APYrX
TeMax, KOTOPble Ba*KHO 3HATb NPU YCTPAHEHUN HENMCMPABHOCTEN B LENAX
NOCTOAHHOIO TOKa.
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In this interaction, we will look at the elements of a DC Circuit.

Select the 4 image symbols for the supply voltage, load component,
wiring/conductors and the ground/return.

]
2
1

b

=]
I

Submit

B 3TOM B3aMMOAEVCTBMM Mbl PACCMOTPMM 371€MEHTbI CXEMbI MOCTOAHHOTO TOKA.
BbibepuTe 4 cumBona U306paXKeHUs A1 HANPAKEHUA MUTAHWA, KOMNOHEHTA Harpy3KKM, NPOBOAKK /
NPOBOAHUKOB ¥ 3a3emieHuns / BO3Bpara.

Identify the elements in this DC circuit.

The Supply voltage, or source, is 24 volts DC and it comes
from a control board.

The load component is the solenoid.

The conductor is the wiring connecting the DC source to the
load component and back again to the ground on the control
board.

OnpeaennTe a/IeMeHTbl B 3TOM LIeNM NOCTOAHHOIO TOKa.

Hanps»keHue nnuTaHusa, Uam UCTOYHMK, CoCTaBnAeT 24 B NOCTOAHHOIO TOKa, U
OHO MOCTYNaeT OT NAaTbl YNpaBAEHUS.

KOMMNOHEHTOM HarpysKku ABAsSeTca CoeHoua,

MPOBOAHMK - 3TO MNPOBOAKA, COEANHAOLLAA NCTOYHMK NOCTOAHHOIO TOKa C
KOMMOHEHTOM Harpy3Kku 1 06paTHO Ha 3eM/It0 Ha NaaTe yrnpasBaeHus.
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+ Conventional Theory
o Electrons flow from the source to the ground.

PCB

[l

Conventional Theory
_E<4—<—4§ A
— 23}
- Electron Theory
E Solenoid

Energized Click the buttons for
viewing the current flow.

The two theories that are used to describe the direction of the electrical flow in a circuit are
Conventional and Electron Theory.

To view the electrical flow, click the red or green buttons.

We use Conventional Theory which describes the flow from the source to the ground.

You may run across the other theory that is called Electron Theory of Electrical Flow, which
describes the actual physical movement of electron particles.

This theory refers to the electrons as flowing from ground toward the source.

Be aware of these two theories, but remember that we use Conventional Theory.

[1Be Teopum, KOTOPbIE NCMONb3YKOTCA ANA ONUCAHMA HanpPaBAEHUA SNEKTPUYECKOTO NOTOKA B
Lenu, ABNATCA 0ObIYHOM U INEKTPOHHOWN TEOPUEN.

YT106bI NPOCMOTPETH 3NEKTPUUYECKNI NOTOK, HAXKMUTE KPACHYHO UM 38N1EHYIO KHOMKY.

Mbl Mcnosib3yem 0HblYHYHO TEOPUIO, KOTOPAA OMUCHIBAET MOTOK OT MCTOYHMKA K 3eMIIE.

Bbl MOKeTe CTONKHYTbCA C APYron Teopuren, KoTopas Ha3blBaeTcA DNeKTPOHHasA Teopuma
3N1EKTPUYECKOro NOTOKA, KOTOPas ONUCbIBaeT GakTUyeckoe pusnyeckoe ABUKeHNE
3NEKTPOHHbIX YaCTML,

3OTa TeopmA OTHOCUTCA K INEKTPOHAM, KOTOPble TEKYT OT 3eMJIU K UCTOYHMKY.

[MomHMTEe 06 3TUX ABYX TEOPUSAX, HO MOMHUTE, YTO Mbl UCMONb3YEM OObIYHYIO TEOPUIO.



DC Circuits - Switching Component outward

NOTE: switching performed within an Integrated Circuit or IC is solid state.

MPUMEYAHUE: nepekntoyeHne, BbINONHEHHOE B MHTErpanbHol cxeme unun UC, aBnaeTca TBepAoTEbHbIM.

[l
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24 Vdc

Here we see that the solenoid has a source voltage of 24 Vdc and completed connections to
ground.

So, we have a complete circuit with the solenoid energized. But, we also need a way to turn
the solenoid ON and OFF.

The answer is the switching component is actually a switching device and is contained inside an
integrated circuit that is mounted on the printed circuit board.

This tiny logic device is a switch, which controls the solenoid circuit.

The switch connects the ground to the circuit.

34eCb Mbl BUAMM, YTO CONEHOUA UMEET HaNPsKEHUE UCTOYHMKA 24 B NOCTOAHHOIO TOKa U
MMeeT 3aBepLUEeHHbIe COeANHEHMA C 3eMEN.

MTaK, y Hac eCcTb NOMHAA CXeMa C CONEHOMAOM NOJ HanpaKeHnem. Ho Ham TakKe HyXeH
CNocob BKAKOYUTL U BbIKIOYNTL CONEHOUA,

OTBET 3aK/1t04aeTCA B TOM, YTO KOMMOHEHT NepekntoveHmns GakTUYeckn ABAAeTCA YCTPONCTBOM
NepeKkNtOYEHNS U COAEPHKNTCA BHYTPU MHTErPASIbHOM CXEMbI, KOTOPasA YCTAaHOB/IEHA Ha
neyaTHOM naarte.

3TO KpoLleYyHoe Nornyeckoe YCTPOMCTBO NPeAcTaBaAseT cobom nepeKkntoyaTe b, KOTOPbIN
yrnpaBaseT Lenbio coneHonaa.

MepekntoyaTenb CoeaMHAET 3eMIH0 C LEMbIO.
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New element into the circuit: the switch.

[=o]n]-]

22}
23]

T
I*I]wl

24 Vdc

With a switch included in the circuit, we can now control when ground is applied to the
return side of the circuit and energizes the solenoid.

The supply voltage is constantly applied to the supply side of the load.

To see the switch close and complete the circuit, click the ON button.

To see the switch open and break the circuit, click the OFF button.

In theory as the switch opens and closes the solenoid should energize and de-energize.

C NOMOLLbIO NepeK/oYaTeNs, BKAOYEHHOTO B LieMb, Mbl TENEPb MOXKEM KOHTPOIMPOBATD,
Koraa 3a3emsieHne NpuaoXKeHo K 06paTHOM CTOPOHE Lenn 1 nodaeT nMTaHMe Ha
coneHoua.,

HanpsaeHne NnTaHWA NOCTOAHHO NOAAETCA Ha CTOPOHY NUTAHUA HarpysKu.

YT0Obl YBUAETb 3aMbIKaHNE BbIKAOYATENA M 3aMblKaHWE Lenn, Haxkmmnte KHomnky ON.
YT0Obl YBUAETb, YTO BbIKAOYATENIb PA3OMKHYT M Pa3OMKHYT UeNb, HakMnTe KHonky OFF.

B TEOPUU, KOrda nepexkaroyaTesib OTKPbIBAETCA N 3aKPbIBAETCA, CONeHON O A0/ 1KEH
BK/IKOYATbCA U OTK/IKOHATbLCA.
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Is the solenoid plunger moving in and out?
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24 Vdc

Sounds good in theory, but do you know that is actually what is happening? You cannot see the current
flowing.

One way is to observe the result of work being done.

To see the switch opening and closing thereby providing ground to complete the circuit, Click the button.
In this case it is by watching the solenoid plunger moving in and out as the switch opens and closes. This
procedure verifies that the circuit is working electrically but also mechanically with the solenoid plunger
physically operating.

What happens if the plunger on the solenoid is not moving?

How can you tell what is causing the problem?

It could be an electrical or mechanical problem.

To find out if it is an electrical problem, we will look at ways to identify where an electrical problem is
located.

3BYYMT XOPOLIO B TEOPMM, HO 3HAETE /1M Bbl, YTO Ha CAMOM ie/1e 3TO MPOUCXOAMNT? Bbl HE MOXKeTe BUAETb
TEKYLLNM NOTOK.

OAHUM 13 cnocoboB ABNAETCA HabAtoAeHMEe 33 Pe3yIbTaTOM BbINOHAEMOM paboTbl.

YTobbl yBMAETHL Pa3MblKaHWE M 3aMblkaHMe NepekatoyaTens, obecneympatolee 3a3emaeHme ans
3aMblKaHMA LENW, HAXKMMUTE KHOTMKY.

B 3TOM c/iy4ae 3TO NPOMCXOAMT, HabatoAas, Kak NAyHKep coneHomaa ABUraeTca BHYTPb M HAapyKy, Koraa
nepekatoyaTeslb OTKPbIBAETCA M 3aKpbIBAaETCA. ITa npoueaypa NPoBepseT, YTo Lenb paboTaeT
9N1EKTPUYECKM, @ TaKXKEe MEXaHUYECKM C GU3MYECKM PaboTatoWMM NAYHKEPOM CONEHONAA.

YTO NPONCXOAUT, eCAM NAYHKEP Ha CONeHOUAE He ABUraeTCs’?

Kak Bbl MOXeTe onpeaenntb NpuimnHy npobaemsb?

I3TO MOKET BbITb INEKTPUYECKAn AU MexaHnYecKkas npobaema.

YTObbI BbIACHUTb, ABAAETCA /IN 3TO 3NEKTPMYecKom Npobaemoit, Mbl PAaCCMOTPUM Cnocobbl onpeaeneHus
MECTOMONOMKEHNA INEKTPUYECKON NpoHAEMbI.
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2 |
3 |
4 ]|l 24 Vdc potential at switch
1% []
H

r%/z I— Tj Solenoid armed or

= 23 1] ready to operate
26}

How does this circuit work? Remember what we learned about voltage in a circuit? The DC source,
which is present at pin 23 on the Control Board, is supplying the circuit with 24 volts DC. This voltage
is seeking to find the path of least resistance, so the voltage is now felt along the wire.

Suppose that the switch is off: in other words, the circuit is open.

Voltage will be present all the way around the circuit up to the open switch. The opened switch is
preventing the voltage from pushing the current any further.

Voltage is also present in the load component.

We say that the solenoid is armed and ready to operate, but not on.

Current cannot flow because the circuit is not complete.

In other words, there has to be a ground that is applied for current to flow and allow work to be done
with the applied voltage.

Kak paboTaeT ata cxema? [TOMHUTE, YTO Mbl Y3HA/IM O HANPAXKEHMUM B Lenu? MICTOYHMK MOCTOAHHOIO
TOKa, KOTOPbIM NPUCYTCTBYET Ha BbIBOAE 23 Ha NaaTe ynpaBaeHus, NUTaeT Lenb Hanpsa»keHnem 24 B
NOCTOSAHHOIO TOKa. ITO HaNpPAXKeHWe CTPEMUTCA HANTU NYyTb HAMMEHbLLIEro CONPOTUBAEHMA, MO3TOMY
HanpsXXeHne Tenepb OLLYyLLAeTcA BAOb NPoBoAa. [1peAnonoKmMm, YTO NepekNtoyaTe b BbIKIHOYEH:
APYTMMK CNOBAMU, LieMNb PAa3OMKHYTa.

HanpskeHne byaet npncyTCTBOBaTb BO BCEM KOHTYPE BM/IOTb 40 PAa3OMKHYTOro NepekatoyaTtens.
Pa30MKHYTbIN NepekatoYaTeb NpeAoTBPalLaeT Aa/ibHelee NOBbIWEHWE HanpAXKeHMA. HanpskeHne
TaK¥Ke NPMUCYTCTBYET B KOMMOHEHTE HarpysKu.

Mbl rOBOPUM, YTO COIEHOWNA BOOPYKEH 1 TOTOB K paboTe, HO He BKAOYEH. TOK HE MOXKET Teub,
MOTOMY YTO LieMnb He 3aBeplueHa. pyrMmm cnoBamm, A0KHO ObITb 3a3eMIEHME, KOTOPOE NOAAETCS
[NA NPOTEKaHMA TOKa M NMO3BO/ISET BbINOHATL PADOTY C NMPUNOKEHHbBIM HAMPAXKEHNEM.
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Switch turns ON.
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24 Vdc

The switch turns on, which completes or closes the circuit.

The return side of the circuit has switched to ground, a
difference of 24V exists between the supply and return side of
the circuit.

This difference in voltage or potential difference allows current
to flow through the circuit and the solenoid is activated.

The electrical energy is converted into mechanical energy and
work is accomplished.

BKkAtoYaeTca nepekatodaTeb, KOTOPbIA 3aMbIKaeT UK
3aMblKaeT Lenb.

Ob6paTHan CTOPOHA Lenu NepekatouYmnaach Ha 3eM/0, MEX Y
nuTatoLen n obpaTHON CTOPOHAMM LIEMW CYLLLECTBYET pa3HMLA
B 24 B.

3Ta pa3HuMLA B HAMPAXKEHMU UM PA3HOCTM NOTEHLMAN0B
NO3BO/IAET TOKY TeYb Yepes Uenb, U CONEHON aKTUBUPYETCS.
dneKkTpuYeckasa aHeprma npeodbpasyeTcs B MeXaHUYECKYHo
sHepruto, 1 paboTa 3aBepLieHa.
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DC Circuits - Voltage Readings

Black probe to ground and red probe to pin 23 should
provide 24 Vdc.

Verifies that there is 24 Vdc source voltage present for
the circuit. ~

ON OFF
500
500, ey

SEEE|

500V —
200mA MAX

o
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24 Vdc
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Lets check out the operation of this circuit by doing more than just observing the load
component do its work. To be accomplished, we need more specific information about the
values of the voltage in the circuit.

As we mentioned before, voltage can be measured throughout a circuit.

Lets first, measure the voltage from the beginning of the circuit starting with the switch off.
Next, the 24 Vdc potential is also at pin 1 of the solenoid. It then passes through the solenoid
coil wiring and is at pin 3.

From there, the 24 Vdc potential is present at pin 22 of the Control Board and thereby at the
supply side of the switch.

The 24 Vdc supply potential is at the switch and waits there until the switch completes the
circuit by applying the ground.

[aBanTe nposepum paboTy 3TOW Lenu, Aenas Hoablle, Yem NPOCTO Habatoaan, Kak
KOMTMOHEHT Harpy3Ku BbIMOHAET CBOIO paboTy. [1aa sToro Ham noTpebyeTtca bonee
KOHKpEeTHaa MHGOPMaLMA O 3HAYEHUAX HANPSKEHNSA B LLEMNN.

KaK Mbl yTOMMHanM paHee, HanpaxXeHne MOXKeT ObITb MU3MEPEHO MO BCEW LLeNMU.

[aBanTe cHayana U3MepUM HanpAKeHWe C Havyana Lenu, HaumHaa ¢ BblKtoYaTena. 3atem
noTeHuman 24 B NOCT. TOKA TaKXe Haxo4MTCA Ha BblBoZe 1 coneHounaa. 3aTem OH NPOXOAUT
yepe3 0OMOTKY 3/1EKTPOMArHUTHOM KaTyLWKM M HaXOAMUTCA Ha BbiBoAe 3. OTTyAa noTeHUMan
24 B nocCT. TOKa NPUCYTCTBYET Ha BbIBOAE 22 N/1aTbl YNPaBAEHWA 1, CheoBaTesIbHO, Ha
CTOPOHE NUTaHMA KOMMYTaTopa. NoTeHuMan nuTaHuAa 24 B NOCTOAHHOIO TOKa HaXoAMTCA Ha
KOMMYTATOpe 1 XAET ero, Noka KOMMYTaTOP He 3aBepLUUT Lenb, NPUIOXKMB 3a3eM/IeHNE.



2.2 Types of Multimeters outiard
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= Multimeters can measure both AC and DC circuits.

Analog Digital

Surface Mounted Devices

Next, we introduce a piece of equipment that will become your primary electrical troubleshooting tool: the
multimeter which measures both AC and DC circuits. Multimeters come in two main types: analog and digital with
both having the same functions and features. However, they also have features that make them different, with cost
and accuracy being high on the list.

The main benefits of a digital voltmeter, is that its internal resistance is very small. Which allows it to be used on most
printed circuit boards without the additional resistance added to the circuit.

Analog voltmeters have a much higher internal resistance which can affect the reading on a printed circuit board.

» Surface-mount technology, SMT is a method for producing electronic circuits. The components are mounted or
placed directly onto the surface of printed circuit boards “PCBs”. An electronic device so made is called a surface-
mount device, SMD. The higher resistance of an analog voltmeter puts more load on the circuit, which can cause
printed circuit board damage. We will cover how to use analog and digital multimeters on different types of circuits
later in the course.

Hanee mbl NnpeactaBasem 060pyA0BaHME, KOTOPOE CTAHET BALLUMM OCHOBHbIM MHCTPYMEHTOM /15 NOWCKa
HEeMCnpaBHOCTEN B 3/1eKTPOOOOPYA0BAHUMN: MYAbTUMETP, KOTOPLIN M3MEPAET LeNM NePeMEeHHOro 1 MOCTOAHHOIO TOKa.
MynbTUMETpbI BbIBaIOT ABYX OCHOBHbIX TUMNOB: aHAI0r0BblE U LMPPOBLIE C OAMHAKOBLIMM GYHKLMAMM U
BO3MOXHOCTAMM. TeM HE MEHee, OHM TaKKe MMEIOT GYHKLMKU, KOTOPbIE OTAMYAOT X OT APYrMX, NPpW STOM CTOMMOCTb U
TOYHOCTb HaXO4ATCA Ha NePBOM MECTE B CMMCKe.

OCHOBHbIM NPEeNMYLLECTBOM LiMbPOBOro BOSbTMETPA ABAAETCA TO, YTO €r0 BHYTPEHHEee CONMPOTUBAEHNE OYEHb Mao.
YTo No3BONAET MCNO/B30BaThb €70 Ha BO/IbWIMHCTBE NeYaTHbIX NaaT 6e3 obasneHns 4ONONAHUTENBHOMO
COMPOTUBAEHMA B CXEMY.

AHanorosble BOAbTMETPbI UMEIOT ropasao 6o1ee BbICOKOE BHYTPEHHee CONpPOTUBAEHME, KOTOPOE MOXKET NMOBAUATL Ha
MOKasaHMA Ha NevyaTHoW nnaTe.

* TexHO0rMA NOBEPXHOCTHOMO MOHTaxKa SMT - 3To MeTo/, MPOM3BOACTBA 3/1EKTPOHHbIX CXeM. KOMMOHEHTbI
yCTaHaBAMBAIOTCA UM PA3MELLAOTCA HEMOCPEACTBEHHO Ha MOBEPXHOCTM NEYaTHbIX MAAT - «MeYaTHbIX naaT».
M3roToBNeHHOE TakMM 0BPa3om 31EKTPOHHOE YCTPOMCTBO HA3blBAETCA YCTPOMCTBOM MOBEPXHOCTHOMO MOHTaKa, SMD.
Bosnee BbICOKOE CONPOTUBAEHME aHANIOMOBOTO BOIbTMETPA YBEAMYMBAET HArpy3Ky Ha LieMb, YTO MOMKET NPUBECTU K
NOBPEXKAEHMNIO NEYaTHOM NAaTbl. Mbl pacCKaXKem, KaK 1CrMo/ib30BaTb aHaNoroBble U LMpPOBbIE MyIbTUMETPbI Ha
pasHbIX TMNax LUenel nosxe B Kypce.
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Voltmeter measures differences in electrical potential.
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24 Vdc

A voltmeter measures electrical potential.

When it is connected between a voltage source and ground, the applied
voltage source is displayed.

Our displayed circuit, it is not practical to get to the ground side of the
switch because its encased in the IC.

We can use the next best thing, which is a ground wire from any DC circuit.
A common DC ground source is usually identified on circuit boards or can
be a common connection between ground wires or a metal frame.

BonbTMETP M3MepAET INEKTPMUYECKNIM NOTEHLMAN.

Koraa oH NOoAKAOYEH MEX Ay NCTOYHMKOM HaMpPAXKEHUA U 3eMIEN,
OTOOpParKaeTCs UCTOYHUK NMPUNOHKEHHOTO HANPSAKEHNA.

Hala nokasaHHaa cxema, He MPaKTU4YHO, YToObl 40DOPaTLCA A0 CTOPOHbI
3a3eM/IeHMA KOMMYTaTopa, MOTOMY YTO OH 3ak/to4eH B NC.

Mbl MOXEM MCMONb30BaTb C/IEAYHOLLYIO YYLLYHO BELLb, 3TO 3a3eMIAOLLNIA
NpoBoA, OT Nt0HOM LEenm NOCTOSHHOIO TOKa.

OBWMMN UCTOYHMK 3a3EMNEHNA MOCTOAHHOIO TOKAa 0ObIYHO
NOEHTUPUUMPYETCA Ha NAATaAX UAM MOMKET DbITb 0OLLMM COeANHEHNEM
MeXay NPOBOAAMM 3a3EMNEHNA UAN METANTMYECKUM KAaPKACOM.



2.3 Meter Voltages - Ground to Supply outard

To verify if the supply is actually 24Vdc, connect the black or
negative probe to a ground source such as pin 4.

Then connect the red or positive probe of your multimeter to the
pin 23.

If the source is supplying the appropriate voltage, our meter
should show 24Vdc.

YT06bI NPOBEPUTDL, AENCTBUTENIBHO IN UCTOYHMK NUTaHKUA 24 B
NOCTOAHHOIO TOKA, MOAKAKYMTE YEPHbBIM MW OTPULATE/TbHbIN
AATYUK K UICTOYHWMKY 3a3eM/IEHUA, HAaNPUMep, K KOHTaKTy 4.
3aTeM NOAKIYUTE KPACHbIM AW NONOKUTENbHbINM AaTYMK
BalLero My/s1bTUMETPA K KOHTaKTy 23.

ECv CTOYHMK NO4aeT COOTBETCTBYIOLLEE HANPAXKEHME, HaL
MHAMKATOP AO/KEH NOKa3sbiBaTb 24 B nocT.



Meter Voltages - Close Circuit outiard
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24 Vdc

What happens when we complete the circuit by closing the switch?
With the switch closed, ground is applied to CN22 and through the
wiring to CN3 of the solenoid.

The source voltage is applied to CN1 of the solenoid. We now have a
complete circuit with a difference of voltage potential across the
solenoid coil.

Current now flows and the solenoid coil generates a magnetic field
attracting the solenoid plunger resulting in mechanical movement.

YTo nponcxoamuT, KOrda Mbl 3aMblKkaeM LeMb, 3aMblKad
BbIKAtOYaTENb?

[Mpn 3aMKHYTOM NepektoyaTene 3asemneHme nogaerca Ha CN22, a
Yyepes NpoBoAaKy - Ha CN3 coneHounaa.

HanpaxeHne nctovyHmka noaaetca Ha CN1 coneHonga. Tenepb y Hac
eCTb NOJIHAA CXeMa C PA3HOCTbIO MOTEHLMANOB HAMPAXKEHMA Ha
COIEHOMOHOWM KaTyLLKe.

Tenepb TeYeT TOK, N CONEHONAHAA KaTyLKa co34aeT MarHMTHoe
nose, NPUTArMBatoLLLEE NAYHXKep ColeHoMAa, YTO NMPUBOANT K
MEXaHMYEeCKOMY ABUKEHMIO.



Meter Voltages - Load to Supply outard
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If the voltmeter reads O volts (0 — 0 = 0) there is no
difference of potential in the circuit.

200k 30k 2000

Q  spov
200mA MAX

ik

24 Vdc

With the switch open, there is infinite resistance to ground or an
open in the circuit.

This results in the same 24Vdc from pin 23 being applied through the
coil of the solenoid to pin 22.

This results in OVdc of potential difference between pins 23 and 22.
The voltmeter here will read 0 Volts which means there is no
difference of potential between the points where the meter is
connected.

[Tpn pa3OMKHYTOM nepektoyaTene B Lenm nmeetca 6eckoHeyHoe
COMNPOTMBAEHME OTHOCUTENIbHO 3eMAN UK 0BpPbIBa.

JTO NPUBOAUT K TOMY, 4YTO TOT e 24 B nocT. Toka oT BbiBOAa 23
noAaeTca yepes KaTyLWKy Co/leHOMaa Ha BbiBOA, 22.

270 NpmBOANT K O B MOCTOAHHOIO TOKA PAa3HOCTM NOTEHLUMANIOB MEXAY
KOHTaKTamMu 23 n 22.

BonbTmeTp 3aech 6yaeT nokasbiBaTb O BoabT, UTO 03HAYaeT, YTo HET
Pa3HMLbI MOTEHLMANOB MEXAY TOYKAMM, K KOTOPbIM OH MOAK/IHOYEH.



Meter Voltages - Tracking Malfunctions outiard
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Circuit not working?
Track the malfunction down to a specific part of the circuit.

Cxema He paboTaeT?
OTCneamnTe HeMCNPaBHOCTb A0 ONPeAENEHHOM YacTu Lenu.

200k 30k 2000

Q  spov
200mA MAX

ik

24 Vdc

Suppose that the circuit was not working and you were trying to track
the malfunction down to a specific part of the circuit.

The better method is to test for voltage around the circuit.

By knowing the values that should be present at different spots around
the circuit, we can make several voltage tests to uncover any incorrect
voltages.

An incorrect voltage is evidence that there is a malfunction in that part
of the circuit.

[MpeanonoXmnm, 4To cxema He paboTaeT, 1 Bbl NbITAETECH OTC/IEANTb
HEMCNPaBHOCTb 0 ONpeesIeHHON YacTu Lenu.

Jlydwwimin cnocob - NpoBEPUTb HAMPAKEHNE BOKPYT LLEMMW.

3HadA 3Ha4YeHMA, KOTOPbIE AONKHbI MPUCYTCTBOBATb B Pa3HbIX TOYKAX
LLenn, Mbl MOXEM NPOBECTM HECKOJIbKO TECTOB HaNPsXKeHMa, YToObI
0OHapYKnUTb Nt0Oble HEMPABUIbHbIE HAMPAKEHMSA.

HenpaBuabHOe HanpsXeHue CBUAETENbCTBYET O HAMUYNM
HEMCNPaBHOCTX B 3TOM YacTu LEenu.



2.4 Testing Source _ outard

ASSOCIATE

ON OFF o0 V
500 300 Y,

= Black Ground probe to ground pin 4.
* Red Positive Probe should go to pin 23.
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24 Vdc

First, measure the supply voltage to test for the 24 Vdc.

One probe goes go to the ground at pin 4. The other probe should go to pin 23.

This test confirms a good voltage source in the circuit.

Leave the probe on the known good ground connection while making all tests.

Since one probe always must be connected to a DC ground wire, for making voltage tests.

Why do you think we suggest using a ground point that is not directly in the circuit being tested?
Because we do not yet know where our problem is in the circuit. So, we want to start by confirming
our source voltage is correct with a known good ground.

Once that is confirmed we will move on to other possible causes of an electrical malfunction.
CHavana namepbTe HanpaXKeHWe NMTaHWA 4158 NPOBEPKM Ha 24 B nocrT.

OAMH 30HA4, MAET Ha 3eM/IK0 Ha KOHTAKT 4. [lpyroi 30HA, A0/IKEH NEPENTU K KOHTAKTY 23.

ITOT TECT NOATBEPKAAET XOPOLIMN UCTOUHMK HANPSKEHNA B LiENU.

OcTaBbTe AaTYMK Ha 3aBEAOMO MCNPABHOM 333eM/IEHMM BO BPEMSA BCEX UCMbITAHUN.

MOCKONbKY OAMH AATYMK BCeraa A0NKeH HbiTb NOAKAOYEH K 3a3EMAAIOLLLEMY MPOBOAY NOCTOAHHOMO
TOKa, A1 NPOBEAEHNSA UCMbITAHNIM HA HanpaXKeHue.

Kak Bbl AymaeTe, moyemy Mbl npeaaaraem Ucrosib3oBaTh TOYKY 3a3eM/IEHNSA, KOTOPAs HEe HAaXOAMUTCS
HenocpeAcTBEHHO B TECTMPYEMOW Lienn?

[MoTOMY UYTO Mbl ellle He 3HaeMm, rae Halla npobaema B uenu. NTak, Mbl XOTUM HayaTb C
NOATBEPKAEHWNA NPABUABHOCTU HANPAXKEHMA Ha HaLleM UCTOYHMKE C M3BECTHbLIM XOPOLLMM
3a3eM/IEHUEM.

Kak To/1IbKO 3TO HByaeT NoATBEPKAEHO, Mbl NEPENAEM K APYTMM BO3MOMXKHbBIM MPUYMHAM
3NEKTPUYECKON HEMCNPABHOCTMW.



2.5 Testing Wiring Source to Load , outiard
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24 Vdc

If your meter reads 24 Vdc, you know that your supply voltage is good.

The next step is to test for wire continuity to determine it is making good connections
throughout the circuit.

To test the supply voltage all the way up to the load component, move the positive red
probe to pin 1 at the solenoid.

This reading will verify that there is no break in the wiring from the source to the load
component.

The voltmeter should read 24 volts in most cases or the source voltage.

Ecnv Baw cyeT4mK nokasbiBaeT 24 B nocT. TOKa, Bbl 3HaeTe, YTO Y BaC xopollee
HanpaXXeHne NUTaHuA.

CneaylouwmMMm Warom ABASETCA NPOBEPKA LENOCTHOCTM NPOBOA0B, YTODbI ONpPeaennTb,
YTO 3TO AeNaeT XOPOoLlMe CoOeAMHEHMA NO BCEN Lenu.

YTO0bbI NPOBEPUTL HANPAXKEHME NUTAHWUA BNAOTb A0 HArpy3KkKM, nepemectunTe
MNONOXKMTEIbHbIN KPACHbIN LN Ha KOHTAKT 1 Ha coneHounae.

3To UTeHMe ByaeT NPOBEPATL, YTO HET Pa3PbIBa B MPOBOAKE OT MCTOYHMKA K
KOMMOHEHTY Harpy3Kku.

BonbTmMeTp A0NKEH NOKa3biBaTb 24 BOLT B OONbLWMHCTBE C/Y4aeB UM HANPSKEHNE
MCTOYHMKA
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2.6 Testing the Component
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To test the load component, move the positive probe to pin 3 of the solenoid.

Here we can test whether voltage is present at pin 3.

Voltage is supplied from pin 1 and passes through the solenoid coil to pin 3.

If your meter reads 24 Vdc at pin 3, it means that the component is not electrically open.

To test the wiring from pin 3 of the solenoid to the control board, move the probe to pin 22.

If 24Vdc is measured here, we know that connections from pin 23, through the load and back to pin 22
are electrically capable of working. If the correct voltages are measured, then the solenoid plunger could
be mechanically bound and not moving.

This process will work well for most load components but some devices like LEDs, Light Emitting Diodes
or fluorescent lamps will differ from this procedure.

We will cover how to check those components in future courses.

YT106bI NPOBEPUTL HArPY304HYHO COCTABAAIOLLYIO, MEPEMECTUTE NONOKMUTENbHbIM AATYMK K KOHTAKTY 3
cosieHonaa.

34eCb Mbl MOXEM MPOBEPUTbL HA/IMUME HANPAXEHUA Ha BbIBOAe 3. HanpaxeHne noZaeTca OT KOHTaKTa 1
N NPOXOAMUT Hepe3 3N1eKTPOMATHUTHYIO KaTyLWKY K KOHTAKTy 3.

Ecnu Baw nameputenb nokasbiBaeT 24 B nocT. ToKka Ha BbIBOAE 3, 3TO 03HAYAET, YTO KOMMOHEHT He
3NEeKTPUYECKN PA3OMKHYT.

Y100l NPOBEPUTL MPOBOAKY OT KOHTAKTA 3 CONEHOMAA K NAATe yNpaBaeHWA, MepeMECTUTE LyN Ha
KOHTaKT 22. Ecnun 30ecb namepsaetca 24 B NOCTOAHHOIO TOKa, Mbl 3HaeM, YTO CoOeMHEHMA OT KOHTAKTa 23
yepes HarpysKy 1 06paTHO A0 KOHTaKTa 22 31eKTPUYECKM cnoCcobHbI paboTaTb. Ecan n3mepeHsb!
NPaBUAbHbIE HANPAXKEHMUA, TO NAYHXKEP CONEHOMAA MOXKET ObITb MEXAHUYECKM CBA3AH MU HE ABUIaTbCA.
3T0T npouecc byaeT paboTtatb xopoLwwo And 60AbLMHCTBA KOMNOHEHTOB Harpy3KM, HO HEKOTOpPbIE
YCTPOWCTBA, TaKMe KaK CBETOAMOAbl, CBETOANOAbI AV NHOMUHECLEHTHbIE NaMMbl, ByayT OTAMYaTbCA OT
3TOM Npoueaypbl.

Mbl pacCMOTPUM, KaK NPOBEPUTb 3T KOMMNOHEHTbI B OyAyLLMX KypCax.
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The meter probes are now placed at pin 22 and pin 4.

To see the switch opening and closing thereby providing ground to complete the
circuit, Click the button.

By causing the switch to open and close, the meter should read 24 volts DC and
then 0 volts DC.

This means that both the switch and the ground are electrically sound.

Tenepb n3amepuTesibHble LYMbl Pa3MelleHbl Ha KOHTakTe 22 n 4.

YT00ObI YBMAETL PAa3MbIKaHME U 3aMblKaHWE NepeKkatoYaTend, obecneympatollee
3a3em/ieHne A1A 3aMblKaHMA Lenn, HaXMMUTE KHOMKY.

[P OTKPbLITUKM MU 3aKPbITUM NEPEKNOYATENA CHETUMK A0/IKEH NOKa3biBaTb 24 B
MOCTOAHHOIO TOKA, a 3aTem O B NOCTOAHHOIO TOKa.

JTO O3HAYaeT, YTO M BbIK/ItOYATE b, M 3EM/IA SNEKTPUYECKN UCMPABHbI.
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Five different voltage tests performed.
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24 Vdc

Testing we just performed required 5 individual tests.

We can accomplish the same results with one simple test.

The placement of the meter leads shown here is a more efficient
method of testing the circuit.

TecTMpoBaHMe, KOTOPOE Mbl TO/IbKO YTO NPOBeM, NoTpeboBano 5
MHAMBUAYANbHbIX TECTOB.

Mbl MOXEM [0CTMYb TEX Ke Pe3yNbTaTOB C MOMOLLbHO OAHOMO
NpoCTOoro TecTa.

PacnonoxeHune BbIBOAOB CHETUYMKA, MOKa3aHHOE 34€eCb, ABASETCA
bonee apPeKTUBHbIM METOAOM TECTUPOBAHMA CXEMBI.



Testing Circuits - Most Efficient outiard
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If supply voltage is present at pin 22, the load
component is electrically capable of working.

2000k
N
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24 Vdc

Shown are one place to put your meter probes where you can perform all those tests at once.
Most efficient point to place your negative black meter probe at ground pin 4 and the positive red
meter probe is at pin 22.

With the switch open, a measurement of 24 volts should be displayed on the voltmeter.

If there is a way to easily close the switch, the 24 Vdc at pin 22 should drop to 0 Vdc.

With this information, we can conclude the following:

If the supply voltage is present, the wiring from the source through the load and back to pin 22 has
continuity.

This step verifies that the load component is electrically capable of working.

If 24 volts is not displayed at pin 22, check at the solenoid pin 3. Then at pin 1 of the solenoid and
finally pin 23 to find out where the voltage was lost.

MoKa3aHo, YTO 3TO OAHO U3 MECT, FAe MOXKHO PAa3MeCTUTb AAaTYMKM, TAe Bbl MOXKETE BbINOIHUTL BCE
3TN TECTbl OAHOBPEMEHHO.

Hanbonee apPpeKTMBHbIN CNOCOD MOMECTUTb OTPULLATENBHbIA YEPHbIA M3MEPUTENBHbIN LLYN B
KOHTAKT 3a3eMieHnA 4, a NONOKUTENbHbINA KPACHbIM M3MEPUTENbHbBIN LLYN B KOHTAKT 22.

[Py Pa30OMKHYTOM NepeKkatoyaTene Ha BONbTMETPE A0MKHO 0TODparkaTbca namepeHme 24 BoNbT.
Ecnm ectb cnocob Nerko 3aMKHYTb BbiKo4aTenb, 24 B nocT. ToKka Ha BbiBOAE 22 A0/KEH ynacTb A0
0 B nocr.

C nomoLLbto 3TON MHPOPMALLMM Mbl MOXKEM CAENATb CAEAYHOLLME BbIBOAbI:

Ecaun HanpsakeHmne NuTaHua NPUCYTCTBYET, MPOBOAKA OT MCTOYHMKA Yepes HarpysKy M 06paTHO K
BbIBOAY 22 UMeeT HenpepbIBHOCTb.

ITOT LWar NPOBEPAET, YTO HAarPy304HbIM KOMMOHEHT 3/1EKTPMYECKK cnocobeH paboTaTb.

Ecnn Ha KoHTakTe 22 He oTobparkaeTca 24 B, npoBepbTe Ha KOHTaKTe 3 coneHomnaa. 3aTem Ha
KOHTaKTe 1 coneHomaa 1, HakoHeLl, KOHTaKTe 23, 4Tobbl y3HaTb, rae Obl10 NOTEPAHO HaNPAXKEHMe.
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= Switch is operating.
= Logic (switching) on the is good.
= Ground is properly connected.
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By leaving the probe where it is, and by activating the switch, the
voltage should change from 24 volts to 0 volts.

This means that the switch is operating, the logic on the control
board is good, and ground is properly connected.

If 24 volts does not switch to 0 volts, one or more of those
components are malfunctioning.

Ecnv oCcTaBUTb AaTUYMK TaMm, IAe OH eCTb, M aKTUBMPOBATb
nepekatodaTeNb, HaNpPAXeHMe AONKHO M3MEHUTLCA C 24 BONLT A0
O BONbT.

3TO 03HayYaeT, YTo nepekatoYaTeNb paboTaeT, I0TMKa Ha naaTe
ynpaB/aeHnAa NCNPaBHa, a 3a3eM/iIeHMe NOAKAYEHO MPaBUIbHO.
Ecnu 24 BonbT He nepekatodaeTca Ha 0 BONbT, OANH UK
HECKO/IbKO 13 3TUX KOMMNOHEHTOB HENCMPABHbI.



[lna ycTpaHeHUa HenonafokK B Lenu Bbl JOMXKHbI 3HaTh:

M PacnonoxeHne nepekatodaTens No OTHOWEHMIO K KOMNOHEHTY Harpy3Ku.
M Ectb v HanpaKeHWe NUTaHNnA?

M EcTb Av 3emna?

Testing Circuits - What to Know _ outard
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To troubleshoot a circuit you must know:

= The positioning of the switch in relation to the load
component.

= |s the supply voltage present?
= |s the ground present?
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In this example, the most efficient place to put your positive probe in the circuit is on
what is called the “supply” side of the switch.

This side of the switch is electrically connected to the source or supply voltage.
However, in order to troubleshoot a circuit this way, it is important to know where the
switch is in relation to the circuit components.

With that information, you will know where to place your meter leads.

If you are not certain of those details, we will help you learn how to accomplish this
procedure later in the program.

B aTom npmumepe Hanbonee apPeKTUBHLIM MECTOM A/1A YCTAHOBKMU NONOKMTENBHOTO
NpobHMKa B LieNb ABNAAETCA TO, YTO HA3bIBAETCA CTOPOHOM «MUTAHMA» KOMMYTATOpa.
3Ta CTOPOHA BbIK/OYATENA INEKTPUYECKM COEAMHEHA C UCTOYHMKOM UK
HanpaXeHnem nNUTaHmA.

Tem He meHee, ANA YyCTPaHEHMA HEUCNPABHOCTEN CXeMbl TaKMM 06Pa3oM, BaXKHO
3HaTb, rAe HAXO0AMTCA NepeKIoYaTe b MO OTHOLWEHMUIO K KOMMNOHEHTaM CXEMbI.
Obnapasa aTon MHPopmaL e, Bbl byaeTe 3HaTb, IAe PAa3MECTUTb U3MEPUTEbHbIE
nposoaa.

Ecnn Bbl He yBepeHbI B 3TUX AETaNAX, Mbl MOMOXEM BaM Y3HaTb, KaK BbIMOIHUTb 3Ty
npoueaypy No3xe B Nporpamme.
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2 DC Circuit Theory — Review

= You should now have a basic understanding of DC circuit
Theory and of the methods of troubleshooting a DC circuit.

= In the next lesson, we will explore is AC Circuit Theory and
how to use a meter to troubleshoot.

eTenepb Bbl AOMKHbI UMETb 0OLLEE MPEACTABNIEHNE O TEOPUN LieMew
MOCTOAHHOIO TOKa U 0 METOAAX YCTPAaHEHWA HEUCTPABHOCTEN Lienei
MOCTOAHHOrO TOKa.

*Ha cnefytollem ypoKe Mbl PaCCMOTPUM TEOPUIO LiEMEN NepemMeHHOro
TOKa ¥ Cnocobbl UCMO/Ib30BAHUA CYETUMKA A1 YCTPAHEHUA HEMONA0K.

The key points that we have covered so far are; basic introduction to
voltmeters, and the most effective method for taking voltage readings in a
circuit.

The next lesson explores AC Circuit Theory and how to use a meter to
troubleshoot AC circuits.

KntoueBbIMM MOMEHTAMM, KOTOPbIE Mbl Y¥Ke PacCMOTPeNn, ABAATCA: 6a3oBoe
BBeJleHMe B BOIbTMETPbI M Hanbonee apPeKTUBHbIN METOA, CHATUA MOKa3aHMN
HaNPSAKeHMA B Lenu.

B cnepytowem ypoke paccMmaTprBaeTca Teopua Lenen nepemMeHHOro Toka 1
CNocobbl MCNONb30BAHMA CYETYMKA AN1A YCTPAHEHWA HENOAA0K B LEenax
nepemeHHoro ToKa.
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3 AC Circuit Theory

=  AC Theory

= Meter Placement
= Meter Voltages

= AC Versus DC

Now that you have confidence on DC circuits, lets look at
AC circuits and how they are different.

Tenepb, KOorga Bbl yBepeEHbI B LENAX NOCTOAHHOIO TOKa,
nasanTte NOCMOTPUM Ha Uenn nepemMeHHOro Toka m Ha 1o,
KaK OHWN OTJINYaKOTCA.
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DC voltage reading AC voltage reading

In our description of electrical circuits so far, we have described Direct
Current.

Alternating Current is also used in some copier and printer circuits.
While there is a difference in the electrical signal, a lot of the same
techniques are used for troubleshooting both DC and AC circuits.
However, there are two basic differences that will have an effect on
your troubleshooting procedures.

B HalLuem onmncaHnm aNeKTPUYECKUX Liener Mbl ONnMcann NoCTOAHHbIN
TOK.

[lepeMeHHbIN TOK TaKKe UCNONb3yeTCs B HEKOTOPbIX CXeMaXx
KOMMPOBa/IbHOTO annapaTa 1 NpuHTepa.

HecmoTps Ha pasHULY B 9N1EKTPUYECKOM CUTHaNe, ANA YCTPaHEH WS
HEeMCnpPaBHOCTEN B LEMNAX MOCTOAHHOMO M MEePeMEHHOro TOKa
MCMNO/b3YeTCA MHOMECTBO OAMHAKOBbLIX METO/0B.

O/HaKo eCTb [1Ba OCHOBHbIX Pa3NnYMs, KOTOopble ByayT BAUATL Ha BalLu
npoueaypbl yCTPaHEHNA HeENONAA0K.



AC Theory - What Kind of Circuit? outiard
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Example Multimeter Specifications
Specifications Range Basic Accuracy
DC voltage 400mV, 4V, 40V, 400V, 600V +/-0.5%
AC voltage 400mV, 4V, 40V, 400V, 600V +-1.0%

Here we see specifications, ranges and accuracy limits for standard multimeters. Our first basic
difference of testing AC versus DC is the proper setting of the meter. When a voltage is measured it is
important to know the kind of circuit you are testing.

The multimeter settings must be set to AC or set to DC.

Otherwise, the meter will produce faulty voltage readings and in some cases may fail, or damage to
the copier circuit. In this chart are different levels of accuracy between the DC and AC voltage. +/-
0.5% for DC voltage readings and +/- 1.0% for AC voltage readings.

The second difference is that AC and DC returns are different.

We learned that the DC ground is actually the negative side of the circuit and the supply in a DC
circuit is the positive side. Let us dig into what makes AC so much different and why it is important to
know the differences.

34ecb Mbl BUAMM cneundurKaumm, AManasoHbl M npeaesibl TO4HOCTU ANA CTaHAAPTHbIX
MY/IbTUMETPOB. Hallm nepBbIM OCHOBHbIM OTANYMEM TECTMPOBAHMA NEPEMEHHOIO U NOCTOSHHOTO
TOKa ABNSAETCA NpaBWIbHas HAaCTPOMKa M3meputens. Koraa M3mepaeTcs HanpaKeHMe, BaXKHO 3HaTb
TMN NPOBEPSEMON LENM.

HacTpolkn mynbTUMeTpa A0MKHbI ObITb ycTaHoBAEeHbI Ha AC naun DC.

B NpOTMBHOM C/y4ae N3MepUTENb BblAACT HEMPABM/IbHbIE MOKA3aHWA HAaNPSXeHUA U B HEKOTOPbIX
CNYYasnX MOXKET BbIMTU U3 CTPOSA UM MNOBPEeAMTbL CXeMy Konupa. B aTo Tabanue npeacTaBaeHsbl
Pa3Hble YPOBHM TOYHOCTU MEXKAY HaMPAMKEHMEM NOCTOAHHOIO U NepPeMeHHOoro Toka. +/- 0,5% ana
MOKa3aHWIM HanpPAKEeHUs NOCTOAHHOTO ToKa U +/- 1,0% AN NOKa3aHWI HanPAXKeHMA NEPEMEHHOIO
TOKa. BTopoe oT/in4me cocTonT B TOM, YTO NEPeMEHHbIe M MOCTOSHHbIE BO3BPATbl OT/INYALOTCS.

Mbl y3Hann, 4YTO 3eM/1A MOCTOSSHHOMO TOKA Ha CaMOM Je/ie ABNAETCA OTPULATE/IbHOM CTOPOHOW Lienu,
a NUTaHWe B LLeNnM NOCTOSIHHOIO TOKa - MONI0XMUTENbHOM CTOPOHON. [laBaiTe pasbepemcs, 4To
otindaeT AC OT ApYrmMx U NnoYemy Ba*KHO 3HATb Pa3/IMYnA.



3.2 Meter Voltages - DC Polarity _ outard

In a single circuit, DC has one polarity, either positive or negative.

B ofiHOW LEenM NOCTOAHHbIN TOK UMEET OAHY NMONAPHOCTb, MONOKUTENbHYIO UK
oTPUUATENBHYHO.

Positive ~
Voltage -+
zero = AL
T - v
—+ W
1 Time

A graphic representation of electricity may help to understand
the difference.

DC polarity can be either positive or negative in a single circuit.

The amount of that positive or negative charge is the voltage.

padurueckoe npeacTaBaeHME SNEKTPUYECTBA MOXKET MOMOYb MOHATL
pasHuLy.

[MONAPHOCTL MOCTOSHHOTO TOKA MOMKET ObITb KaK MONOKUTEIbHOM, TaK
M OTPULATEIbHOM B OAHOM Lenu. KoamyecTBo 3TOro NONOKUTENbHOIO
AN OTPULATENbHOIO 3apAaa - 3TO HaMpsAKeHue.



AC npeAacTaBneH B BUAE CUHYCOMbI.
MONAPHOCTb U HAMPANKEHWE YePeIyHOTCA MEXKIY NONOKUTENbHBIM M OTpULIATENbHBIM. MOTOK TOKa
MEHSET Hanpas/ieHne, KOTOPOE 3aBUCUT OT NMOAAPHOCTU HAMPAKEHUA.

3.3 Meter Voltages - AC Polarity _ outward

= AC is represented as a sine wave.
= Polarity and voltage alternates between positive and negative.

= Current flow changes direction that is based on the polarity of the
voltage.

- N

v

QO ~+~—0 <
a

\ AC Sine Wave /

AC signals are represented as a sine wave.

The signal is a line that smoothly transitions from positive to negative on a regular cycle
and is a representation of the change in AC polarity.

The difference between the highest positive point and lowest negative point in the sine
wave represents the total AC voltage.

Current in an AC circuit changes direction flow at the same point that the voltage
changes polarity.

CurHanbl NnepeMeHHOro Toka NpeacTas/ieHbl B BUAE CUMHYCOUAANbHOM BOJIHBI.

CurHan npeactaBnseT cobor AMHUIO, KOTOPas NAaBHO NEPeXoaMT OT NONOKUTENbHOTO
K OTPULLATENBHOMY Ha PeryiapHOM LUMKAe 1 NpeacTasnaeT cobon nsmeHeHme
NONAPHOCTM NEPEMEHHOrO TOKa.

Pa3HuMUa meXKay Camom BbICOKOM NOJIOKMUTEIbHOM TOYKOM M CaMON HU3KOM
OTPULATENbHOM TOYKOWN B CMHYCOUAE NpeAcTaBaaeT obliee HanpsKeHne nepemeHHoro
TOKa.

TOK B Lenn NnepeMeHHOro Toka M3MeHAeT HanpaBaeHMe NOTOKA B TOM Ke TOYKe, YTO
HaNpPsAXKeHne MeHAeT NONAPHOCTb.



CUrHanbl NepemeHHOro Toka MeHAT NONAPHOCTb HECKO/IbKO Pa3 B CEKYHAY.

M CropoHa NuTaHuA B LIENM NepemMeHHOro TOKa Ha3biBaeTcA aKTUBHOM (AW ropAaYeit) CTOPOHO
Il Bo3Bpat B LeNM NepemMeHHOro TOKa Ha3biBaeTca HEUTPabHbIM.

M PasHunua B Bo3BpaTe.

M Lienb NoCTOAHHOIO TOKa, Bbl MOXETE MCMONb30BaTh Nt060e 3a3em/eHMe NOCTOAHHOTO TOKa.
M Lenv nepemMeHHOro ToKa JOMXHbI UCMOMb30BaTh OAMH U TOT e BO3BpaT B Lienu.

3.4 AC Theory - Sides of a Circuit

outi¥ard

ASSOCIATE

AC signals change polarity several times a second.
=  Supply side in the AC circuit is called the live (or hot) side.
= Return in an AC circuit is called neutral.
= Difference is in the return.

= DC circuit, you may use any DC ground.

= AC circuits must use the same return in the circuit.

Hot Hot
115/230 M AC Load
VAC (NS NS ) Motor)

Source
Neutral Neutral

AC signals change polarity several times a second and therefore it is not meaningful to refer to anAC
circuit by negative and positive side. Instead, the supply side in the AC circuit is called the live or hot side,
and the return in an AC circuit is called neutral.

Aground connection is still used, however the work in an AC circuit is the potential difference between
hot and neutral, rather than hot and ground. Meter placement is essentially the same test for voltage in
both AC and DC circuits.

However, the difference is in the return.

For testing a DC circuit, any DC ground may be used, whether it is part of the circuit you are testing or not.
AC circuits require the use of the specific live or hot and neutral signals within the circuit.

In other words, the meter probes must be placed on the live and the neutral side of the same physical
circuit.

CUrHanbl NepemMeHHOro ToKa MEeHAIOT NONAPHOCTb HECKO/IbKO Pa3 B CEKYHAY, M MO3TOMY He MMEET CMbIC/1a
CCbINIATbCA Ha Lenb NepemMeHHOro TOKa C OTPMULATENIbHOM U NMONOKUTENBHOM CTOPOHbI. BMecTo 3Toro
CTOPOHA NWUTAHUA B L,eny NepemMeHHOro ToOKa Ha3blBAaETCA aKTUBHOWM UK ropaven cTopoHoi(dasa), a
obpaTHaA CTOPOHa B LLleNu NepeMeHHOro TOKa Ha3blBaeTCA HeMTPabHOW.

3aszemnsatoLLee coeAnHeHMe BCe eLle UCMOo/b3yeTca, 04HaKo paboTa B Lenu nepeMeHHOro ToKa - 3To
PA3HOCTb NOTEHLMAN0B MEXKIY rOpPAYEN U HEMTPANbHOM, @ HE ropAYelt 1 3a3emaeHHoN. PasmelleHune
N3MEepPUTENA NO CYyTU ABNSETCA OAHUM U TEM Ke UCMbITaHWEM AN1A HAaNPAXKEHMA B LLENAX NepeMEHHOr0 U
NOCTOAHHOIO ToKa. OA4HAKo pasHMUa B BO3BpaTe. A TeCTMPOBaHMA LLEeNM NOCTOAHHOIO TOKA MOXHO
MCNo/b30BaTh toboe 3a3eMNeHne NOCTOAHHOTO TOKA, HE3AaBMCMMO OT TOrO, ABAAETCA /I OHO YaCTbtO
LLenu, KOTOPYHO Bbl TECTUPYETE, UAN HET.

Llenn nepemeHHOro Toka TpebytoT NCMOAb30BaHMA ONpeAeneHHbIX CUrHAN0B NoA, HaNPAXKEHNEM UK
ropAYero v HeEMTPaAbHOTO BHYTPM Lenu. Jpyrmmm cnioBamm, 3MepuUTebHbIE LyNbl A0KHbI ObITb
pPa3MeLLEeHbl Ha TOM e PUINYECKON LEMNK, YTO M NOA HANPAKEHUEM, N HA HENTPA/IbHOM CTOPOHE.



3.5 AC Versus DC outiard
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</
Alternating (AC) Current Direct (DC) Current
= Alternating Current - AC changes * Direct Current - DC circuits,
polarity 50 or 60 times per second. current flows in one direction
= The frequency with which the polarity is only.
changed is called Hertz (Hz).
= |n the United States, AC is produced at
60 Hertz.
= |n other countries, AC is produced at 50
Hertz.
50-60 Hz Additional Info

In direct current circuits, current flows in one direction only.

Alternating current circuits still use current but instead of moving in a single direction, the
electrical energy moves back and forth many times per second. In some cases, special
components are used to harness the energy from the alternating current, such as motors.
AC generators produce AC current by reversing its polarity 50 or 60 times a second. The
frequency with which the polarity is changed is called Hertz.

In the United States, AC is produced at 60 Hertz, meaning the polarity changes 60 times a
second.

In many other countries, 50 Hertz is used and the polarity changes 50 times a second.

If you want to find out a little bit about the history of 50 hertz and 60 hertz, click the
attached file.

B LenAx NOCTOAHHOTO TOKa TOK TEYET TO/IbKO B O4HOM HanpaBAeHUMN.

B Lenax nepemeHHOro ToKa BCe elle MCNOo/b3YeTCs TOK, HO BMECTO TOro, YTobbl ABUraTbCA B
OZIHOM HamnpaB/AeHWNN, INEKTPUYECKAA IHEPTMA ABUKETCA Ty[Aa-Cto[a MHOIO Pa3 B CEKYHAY.
B HekoTopbIX CAy4aax Ansa cbopa sHEPrnMmn NepemMeHHOro ToKa MCNO/1b3yHTCA CneLmaibHble
KOMMOHEHTbI, TaKMe KaKk ABuraTenn. FleHepaTopbl MepemMeHHOro ToKa BbipabaTtbiBatoT
nepemMeHHbI TOK NyTeM M3MeHeHMa ero noaapHocTn B 50 nan 60 pas B cekyHAay. YacToTa, C
KOTOPOM M3MeHAeTCA NONAPHOCTb, Ha3bliBaeTcA repu,. «B CLLUA nepemMeHHbIn TOK
BblpabaTbiBaeTcs ¢ YacToToM 60 repu, YTO O3HAYAET, YTO NONAPHOCTb M3MeHseTcA 60 pa3 B
cekyHAay». Bo MHOTMX Apyrmx cTpaHax Mcnoab3yeTtca YactoTa 50 repu, a NOASPHOCTb
MmeHseTca 50 pa3 B cekyHAay. ECn Bbl XOTUTE HEMHOTO y3HaTb 06 nctopum 50 repu, n 60
repu, WeaKHUTE NPUKPENAEHHbIN Galin.
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3 AC Circuit Theory - Review

You should now have a basic understanding of:

= What AC voltage is.

= How to test an AC circuit with an AC or multimeter
= Why AC voltages change polarity

=  Why AC current changes direction of flow

DC is direct current, one direction of current flow, while AC is
alternating current, the direction of current flow changes.

An AC circuit must have an AC meter connected to the hot and
neutral lines in a circuit to test functionality.

Any ground is usable when a DC circuit is tested.

Next we will look at ways that electricity is switched.

[TOCTOAAHHbIN TOK - 3TO MOCTOAHHbIN TOK, OAHO HAaNpPaBAEHWNE
NPOTEKAHMSA TOKA, @ MEPEMEHHbIN TOK - MEPEMEHHbIN TOK,
HanpaBAeHWE NPOTEKAHMA TOKA U3MEHAETCA

Llenb nepeMeHHOro ToKka A01*KHa UMETb U3MEPUTENb
NepemMeHHOro TOKa, MOAKOUYEHHbIN K rOpAYen U HEMTPAIbHOM
JIMHUAM B LLeNU, ANA NPOBEPKM paboToCNoCOOHOCTM.

Jltoboe 3a3emeHmne MOXKET MCNO/1b30BaATLCA NPU UCTIbITAHUN LIENU
NOCTOAHHOrO TOKa.

[anee Mbl paCCMOTPUM CNOCODbI MEPEKNIOYEHNA INEKTPUYECTBA.
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4 Switching Methods

= Switch Location

=  Supply Line

= Switching Line

= Ground Line

= Negative / Positive Line Switching
= Neutral / Hot Line Switching

Now that you have confidence on both DC and AC circuits, we are
going to cover voltage switching methods and how they differ from
each other.

Continue on and see how these circuits get switched.

Terlepb, KOrgay BacC €CTb yBepeHHOCTb B LLeMNMAX MOCTOAHHOIO U
nepemeHHOro Toka, Mmbl PpaCCMOTPUM cnocobbl neperro4eHnA
HanpAXeHnAa n 1o, Kak OHM OTZIMYAOTCA APYTr OT Apyra.
HpO,ﬂ,Oﬂ}KaMTG N NOCMOTPUTE, KaK 3TN Lenn Neperknto4atoTCA.



4.1 Switch Location , outi¥ard

Troubleshooting = Must know how a component is being switzkad

[=o[n]-]

22
23]

24 Vdc

Electrical loads are typically turned on and off when a component
supplies a voltage or ground or neutral to turn them ON or OFF.
These components are called switches. They come in many forms.
Switches can be mechanical, or solid state (meaning they have no
moving pieces) and some like a relay are a combination of both.

To troubleshoot an electronic circuit, the position of switches in the
circuit is vital to successfully identifying the circuit is operating as
designed or malfunctioning.

DNEeKTPMYECKME HArpy3KM 0ObIYHO BKIKOYAKOTCA M BbIKAKOYAKOTCA, KOraa
KOMMOHEHT NOAaeT HaNpAXKeHNe, 3a3eMIEHNE NN HENTPANb AR
BK/TLOYEHMA UM BbIKOYEHMA.

STM KOMMOHEHTbI Ha3bIBatOTCA NepekatovaTenammn. OHM BbIBatOT Pa3HbIX
dopm.

MepekntoyaTenm MoryT ObiTb MEXaHMYECKMMN UK TBEPAOTENbHBIMM (TO
eCTb OHM HEe MMEIOT ABMKYLLMXCS YacTel), @ HEKOTopble, HaNpUMep
pene, ABNAOTCA KOMbUHaLmen oboux.

[na ycTpaHeHMA HeNoaa40K B 3/IEKTPOHHOM CXeMe MONOXKEHNE
nepekatoyaTenei B Lenm MMeeT XM3HEeHHO BaXKHOe 3HaveHme Ans
ycnewHom naeHTMdmKaumm cxembl, paboTatoLlen No HazHaYeHMo UK
HencnpasBHOWM.
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The source to the load component is called the Supply Line.

DC Power Supply

Supply Line

+24 Vdc

lIII-
I

Now that you understand a little about switches, lets look at how
a switch works in a circuit.

We will look at three primary components of a switched circuit -
the supply line, the switching line and the ground line.In this
image, we see a supply line which is the voltage source to the
load.

Tenepb, KOrAa Bbl MOHANM HEMHOTO O KOMMYTaTOpax, AaBanTe
MOCMOTPMM, Kak KOMMyTaTop paboTaeT B Lenu. Mbl paccMOTPUM
TPW OCHOBHbIX KOMMOHEHTa KOMMYTUPYEMOM LLenu - TNHUIO
NUTaHWA, TMHUIO NEPEKNOYEHNA U TNHUIO 3a3emaeHmna. Ha sTom
N306parKEHNN Mbl BUAMM NIMHUIO MUTAHKUSA, KOTOPan ABAAETCA
MCTOYHMKOM HanpsXeHUa AN HarpysKu.



4.3 Ground Line _ outard

Ground line supplies ground to the switch.

DC Power Supply Q

+24 Vdc

LT T[]

lII|—

Ground Line

When the DC power supply is powered on, the supply line
provides the operating voltage to the load.

The ground line is supplied to the switch, but since it is in the
open position, the ground is isolated from the load.

This isolation of ground causes the load not to operate.

Korga MCTOYHWUK MUTaHUA NOCTOAHHOIO TOKa BKAOYEH, TMHUA
NUTaHWA NoAaeT paboyee HanpsXKeHWe Ha HarpysKy. JIMHMUA
3a3eM/1IeHMA NOJAEeTCs Ha BbIKAOYATE b, HO, MOCKO/IbKY OH
HaXOAMTCA B Pa30OMKHYTOM MO/IOKEHMUM, 3EMIA N30MPOBAHA
OT Harpy3Kku. 3Ta 1U30aAUMA 3eMAN NPUBOAMUT K TOMY, YTO
Harpyska He paboTaer.



4.4 Switching Line r outiard

Switching the ground to the load component by the switching line.

DC Power Supply

+24 Vdc

l

Switching
Line

ﬂ
(O O

With the switch in this circuit open, the supply voltage is applied through
the filament of the lamp to one side of the switch.

So, the supply voltage “24Vdc” is applied to the source line, the load and
the switching line.

When the switch is closed, ground is applied through the switching line to
the load.

The load now has 24Vdc on one side and ground on the other.

Our circuit is complete so current flows, the lamp filament drops voltage
across it and it emits light and depending on the type of lamp, heat.

Koraa nepekntovaTtesib B 3TOM LENM Pa3OMKHYT, HanpAXKeHne NMTaHuA
NOAQeTCA Yepes HUTb HaKa/la JlaMnbl Ha OAHY M3 CTOPOH Nepek/toyaTenA.
Taknm o0bpa3om, HanpsKeHne NuTaHna «24 B nocT. TOKa» nogaeTtcs Ha
JIMHUIO UCTOYHMKA, HarpysKy 1 IMHUIO NepekatodeHna. Koraa
nepek/itodaTe/ib 3aMKHYT, 3a3eM/IeHne NoJaeTca Yepes JIMHUIO
nepekatovYeHma Ha Harpysky. Harpyska tenepb nmeet 24 B NOCTOAHHOTO
TOKa C OAHOW CTOPOHbI 1 3a3eMaeHne € Apyron. Hawa uenb 3aBeplLieHa,
NO3TOMY TOK TeYeT, HATb HaKaa aMMbl NaZaeT Ha Hee, M OHa U31y4vaeT
CBET 1, B 3aBUCMMOCTM OT TMMNA NaMIMbl, HarpesaeTcA.
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4.5 Negative / Positive Line Switching

Source Source %
(o] Q

(POS) (POS)

e e

Ground % Ground
(NEG) ‘ (NEG)

& B

Negative Line Switching Positive Line Switching

(e}

(

IKONICA MINOLTA

Now that we have a basic understanding of a switched circuit, lets look at some
variables.

Negative line switching, identifies that the switch is located on the negative, or ground
line.

In digital circuits, it is referred to as negative logic.

Positive line switching refers to a circuit in which the switch is located on the supply
side of the circuit.

In digital circuits, it is referred to as positive logic.

Either method can be used in DC circuits.

For reference, most Konica Minolta products use negative line switching or negative
logic.

Tenepb, KOraa y Hac ecTb obllee NnpeacTaBAEHME O KOMMYTUPYEMOM LUENM, AaBanTe
PAaCCMOTPUM HEKOTOPble MepeMeHHble. [lepekatoyeHme oTpMUATEIbHON ANHNM,
YKa3blBAET Ha TO, YTO NepPEeKIt0YaTENb PACMONOKEH HA OTPULIATENBHOM MK
33a3eM/IEHHON TMHUKU. B LMPPOBbLIX LEenAX 3TO Ha3bIBAETCA OTPULLATENBHOM TOTUKOW.
[MoN0XNTENbHOE NEPEKIOYEHNE NMHMM OTHOCUTCA K LLEeNN, B KOTOPOIM NepeKkaoYaTeb
Hax04MTCA Ha CTOPOHE NUTaHMA Lenn. B umdpoBbIX Lenax 3T0 Ha3blBaeTCA
NONOXUTENbHOM Normkon. /ltobon metoa MoxKeT ObiTb MCNO/Ib30BAH B LLENAX
NOCTOAHHOIO TOKa. s cnpaBkK, HOAbWMHCTBO NpoayKkToB Konica Minolta
MCNONb3YIOT OTPULLATENbHOE MEPEKNOYEHNE TUHMA UM OTPULLIATENBHYHO TOTUKY.
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Source Source HEEEj
(HOT) (HOT) )
Ga 69
Ground Ground
(NEUTRAL) ﬁ)ﬂEO\ (NEUTRAL)
Neutral Line Switching Hot Line Switching
IKONICA MINOLTA

Continuing with AC methods of switching, we have slightly different
terms reflecting the differences between AC and DC circuits.

If the switch is on the neutral side, it is called neutral line switching.

If the switching line is on the hot side of the circuit, it is called hot line
switching.

» Konica Minolta products primarily use neutral line switching in AC
circuits.

[Mpoao/Kaa MeToAbl KOMMYTaLMM MEPEMEHHOIO TOKA, Mbl UMEEM
HECKO/IbKO MHble TEPMMHbI, OTPAXKatoLLME PA3ANUMA MEXIY LEeNnAMM
NepeMeHHOro 1 NOCTOAHHOMO TOKa. Ecan nepekatovaTeb HAXo0AMUTCA Ha
HeMTPasbHOM CTOPOHE, 3TO HA3bIBAETCA MEPEKNKOYEHNEM HENTPA/TIbHOM
JIMHUW. ECnn AnHMA nepekntoYeHmna HaxoAMTCA Ha ropAYen CTOPOHE
LLeny, 3TO Ha3bIiBAETCA NEPEKAOYEHNEM FOPAYEN TNHUN.

e B usnenmsax Konica Minolta B O0CHOBHOM MCMONb3yeTCA NePEKIOYEHME
HEeMTPaNbHbIX IMHUI B LEMAX MEPEMEHHOIO TOKA.
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4 Switching Methods — Review

You should now have a basic understanding of switching Methods
and how to identify the differences.

In the next lesson, we will explore the basics of using a digital
meter.

We have covered the basics of switches, next we look at the
basics of using a multi-meter.
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5 Meter Basics

= Theory
= Types
Function switches
= Range switches
=  Safety
=  Multimeter Usage
= \oltage Tests: DC, Grid, Bias
= Continuity Test
= Current Test
Recalibration

In this lesson, we are going to take a close look at the
multi-meter that you will need to use to test an electronic
circuit.

B aTOM ypoke Mbl paCcCMOTPUM MYIbTUMETP, KOTOPbIN Bam
NoHagobuTcsa anst NPOBEPKN ANTEKTPOHHOW CXEMBI.
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Multimeter
= V\oltage
= Resistance
= Current
= Continuity

One tool that is available is the voltmeter, which measures
voltages in AC and DC circuits.

A more commonly used tool, the multimeter, is a tool capable
of performing several electrical tests.

A multimeter can test for voltage, resistance, current, and
continuity.

The testing methods that you will learn about are; voltage tests
and continuity tests.

OAHMM 13 AOCTYMNHbIX MHCTPYMEHTOB SIBASETCA BO/IbTMETP,
KOTOPbIM M3MEPSET HAaNPAXKEHWUA B LLENAX NEPEMEHHOIO U
NOCTOAHHOrO TOKa. bosiee 4acTo NCNONb3YEMbIN MHCTPYMEHT,
MY/NbTUMETP, NPeACTaBAAET COOOM MHCTPYMEHT, CMOCOOHbIN
BbIMNO/IHATb HECKO/IbKO 3/IEKTPUYECKMX UCMbITAHUI.
MynbTUMETP MOXKET NPOBEPATL HANPAKEHME, CONPOTUBIEHME,
TOK M HEMPEPbLIBHOCTb. MeToabl TECTUPOBAHMSA, O KOTOPbIX Bbl
y3HaeTe: TeCTbl HaNPsXKEeHMA U HENPEPbLIBHOCTMY.
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Analog multi-meter Digital multi-meter

= Uses a needle to indicate value = Uses an LCD or LED Display
= Needle can be damaged or bent * More sensitive

u H|gher |0ad on Circuit o Mln'mal Ioad on CII’CUIt

= More accurate

Two primary types of multimeters are: Analog and Digital.

They both have similar selections, settings and configurations differ in the way they provide the
reading.

Analog multimeters use a needle to indicate the measured value, while digital multimeters use an
LCD or LED display.

A needle of an analog meter is easily bent when the reading level is set lower than the circuit
being tested.

It causes the display needle to quickly shift to the opposite side of the display and slam or “peg”
against the side.

Digital multimeters are usually more sensitive than analog meters, rarely cause a load to the
circuit and are usually more accurate.

Therefore, digital multimeters are recommended for testing electrical circuits.

[1Ba OCHOBHbIX TMMNa My/IbTUMETPOB: aHa/I0roBbIN M UMdpoBoi. Oba MMetoT 0AMHAKOBLIM BbIOOP,
HACTPOMKM 1 KOHOUTYPALIMM PA3NYALOTCA NO CNOCODY YTeHUS.

AHanorosble My/IbTUMETPbI MCMOb3YIOT CTPEKY AN UHANKALMM M3MEPEHHOrO 3HAYEHMS, B TO
BPEMSA KaK UMPPOBbIE MybTUMETPbI MCNONb3YOT KK-ancnnen nam ceetToanmoaHsi Aucnien.
CTpesnika aHanoroBoro M3MepuTens erko crmbaeTca, Koraa ypoBeHb CHMTbIBAHMUA YCTAaHOBAEH
HUXKeE, YemM NpoBepaemas Lenb.

3T0 NPUBOAMT K TOMY, YTO CTPEsIKa AMcnien HBbICTPO CMELLAETCs K MPOTUBOMONIONKHON CTOPOHE
AVCNAen U yAapsaeTcs UAM «NPUBA3bIBAeTCA» K HBOKOBOW CTOPOHE.

LindpoBble MybTUMETPbI 0ObIYHO BONEE YYBCTBUTE/IbHbI, YEM aHANOMOBbIE, PEAKO Bbi3bIBAIOT
HarpysKy Ha Lenb 1, Kak NpaBmao, 6onee TOYHbI.

MoaTomy UMPPOBbLIE MYIbTUMETPbLI PEKOMEHAYIOTCA A/18 TECTUPOBAHUSA NEKTPUYECKMX LiENen.
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200 Volts AC

Function switch selects the test:

Voltage (volts)

= AC Circuits B B

* DC Circuits =
ON OFF 500 ﬂJ v

Current (amperes) V=20 p

wf /
/
o] |
= Electrical Continuity _ = a0, ;
zDuOk\.;.x

N = -
200k 20k 2000
o

Resistance (ohms)

500V —
200mA MAX

The meter shown here has a single combined function and range switch with
multiple contacts or positions. This configuration allows you to select the test you
wish to perform: AC or DC voltage, current, resistance, or electrical continuity,
which is used to detect electrical breaks in wiring and components.

As seen in this image, most functions have multiple range options to select.
Always set the range higher than the anticipated test measurement.

That way internal fuses protecting the meter circuit are not opened during a test
of a circuit that is higher than selected.

[MoKa3aHHbIM 34eCb CYETYMK UMEET eINHYI0 KOMBUHMPOBAHHYO QYHKLMIO K
nepekatoyaTeb AnanasoHa C HECKO/IbKMMM KOHTAKTaMM AN NONOKEHUAMM. ITa
KOHOUIypaLma No3BOAET BbIOpaTb TECT, KOTOPbIN Bbl XOTUTE BbIMNONHUTb:
HanpsaKeHne, TOK, CONPOTUBEHWNE UIU DNEKTPUYECKYIO LIENOCTHOCTb
NepeMeHHOro UaM NOCTOAHHOIO TOKa, KOTOPble MCNONb3YHOTCA A1 0OHAPYKeHNS
INEKTPUYECKNX 0OPLIBOB MPOBOAKM M KOMMNOHEHTOB. KaK BUAHO Ha 3TOM PUCYHKE,
DONbWNHCTBO QYHKLUMA MMEKOT HECKO/IbKO BAapMAHTOB AMana3oHa And Bbibopa. ®
Bcerna ycTtaHaBAMBaMTe AMana3oH Bbllle, YEM OXKMUAAEMOE TECTOBOE M3MEPEHME.
* TakMm 06pa3oM, BHYTPEHHME NPEaOoXPaHMUTENN, 3aLLMLLAIOLIME Lenb
pacxoomepa, He Pa3MbIKatOTCA BO BPEMA NPOBEPKU LIEMK, KOTOPAsA Bbille, YEM
BbIOpaHo.
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Examples:
200mV switch measures voltages up to 200 millivolts.
20V switch measures up to 20 volts.

200V switch measures voltages up to 200 volts, and so
forth.

ooooo

Function: Voltage DC Range: 200 Volts DC

For example, the 200 mV switch indicates that the meter can
measure voltages safely up to 200 millivolts.

The 20 V switch can safely measure up to 20 volts.

The 200 V switch can measure voltages up to 200 volts, and
so forth.

If the voltage that you are measuring is above the range
indicated on the switch, the digital display will flash.

You could also run the risk of damaging the meter due to
excessive input.
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Range Switches — Proper Range Setting

Example:

= Taking a reading of approximately 1.2 Volts DC.
= Meter range set to 2 Volts DC.

= Meter displays 1.234 Volts DC.

What would the meter display if it was set to the 200 Volts
bCrange? | W

1.5 Volts

Be cautious not to select a range which is too high.

With a lower range, more significant digits will be displayed and the
accuracy of the reading will be greater.

In this example, if you are testing a circuit using approximately 1.2 Vdc
set the meter to the 2000 millivolts or the 2 V range.

For this circuit, the meter displays 1.234 volts DC.

What would be displayed if you take the same voltage reading using
the 200V range?

If you thought it will read 1.2 volts DC, you are correct. This setting
does provide information but not as detailed as the 2V range.

To decide which range to use, always start with the highest range. Take
the reading and then adjust the meter down to a more appropriate
range.
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Range Switches — Start at Highest Rang

Recap:

=  Always start at the highest range.

= Take reading and adjust down to lower range.

= |f value is known, set meter range between settings

24 Vdc

If you already know the value to expect in the circuit, set the
meter so the value falls within the range settings.

For example: To read a value of 24 volts, select 200V because
24 falls in between the 20 volt and 200 volt ranges.
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AC Hot or
DC voltage

(-) Negative

(+) Positive

On some multimeters, the positive socket may be labeled V, A, or
Omega.

While the negative socket may be labeled COM or GND, for common
or ground.

Multimeters usually have two probes. One probe is attached to a
socket on the side of the meter marked positive, and the other is
attached to a socket marked negative.

To help you keep them properly identified, the positive probe is
usually red and the negative probe is usually black.

Connect the black probe to AC neutral or DC ground side of the
circuit.

Connect the red probe to the source “voltage or hot” side for AC or
DC circuits.



5.5 Multimeter Usage - Probe Sizes outward

Metal end of the probe must
make solid contact with a metal
part of the circuit.

Inspect the connector:

= |s there enough room for the
probe to make contact with
the base metal of the pin?

What if the probe is too large?
= |naccurate reading

= Possible damage to the pin
could occur

The large probe in the large connector pin

Metal ends of the probe must make solid contact with a metal part of
the circuit. Therefore, the test point is also a factor when meter
readings are taken.

The probe is usually placed inside a wiring connector. In some circuits,
the connectors can directly accommodate a large diameter meter probe
while others cannot. Determining which ones are used, inspect the
connector to see if there is enough room for the probe to make contact
with the pins metal base.

If the probe is too large for the connector opening, an inaccurate
reading or possible damage to the pin could occur.

Meter leads with very thin probes help to minimize damage to the
connectors during use of a meter for troubleshooting.

Shown here is a normal sized probe versus a small probe in the same
connector pin for comparison.
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Rules during operation of a meter:
= Always firmly connect the black probe to the ground first.

Do not let your fingers to touch the probes when taking a reading.
= Polarity on DC circuits must be observed.

Most multimeters have line fuses inside.

100 K Ohm Resistor reading 103.0K 100 K Ohm Resistor reading 104.6K
Resistance reading is affected. No added resistance to the reading.

A few rules should be observed during the operation of a meter!
Always firmly connect the black probe to the ground for DC or neutral
for AC first.

Multiple voltage checks are performed by moving the positive probe to
different points in the circuit.

Ensure that you are not touching or holding the meter leads and the
component when taking a reading. An electrical shock may occur or the
reading may provide inaccurate information with your bodies resistance
in the circuit.

The polarity of DC circuits should always be observed.

Most multimeters have line fuses inside to protect them from internal
damage.

If voltage or current tests cause a fuse to open, it must be replaced
with the correct fuse as identified in the multi-meter specifications.



5.7 DC Voltage Test

In this interaction you will set up the meter to test for + 5 volts
in a DC circuit.

Do not worry, if you get it wrong we will explain the steps.

Start

Click the 4 Quiz button to edit this quiz

We will now practice setting the meter to the correct settings.

Place the meter leads in the proper circuit locations for taking
a reading on +5 Volts DC.

Measuring AC voltage follows the same basic procedures.
The only differences are that the meter is set to AC.

The black probe would go onto the AC neutral wire, and make
sure that you are using the same circuit neutral.
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= Fuse is soldered on board

= Ensure that voltage is removed from
circuit

= Remove from board

Here are the basic differences between performing a voltage test and
a continuity test.

The component or wiring you are testing must be isolated from the
circuit. That means the circuit cannot have voltage in it when you are
testing it.

The recommended procedure is to remove the component or wiring
from the circuit to test for continuity. If that is impractical, check to
make sure that the source voltage was removed from the circuit and
the component is disconnected from the circuit.

Continuity tests are a type of resistance measurement. These tests
are used to detect physical breaks “opens” or shorts in electrical wiring
and in electrical components.

Tests for resistance or continuity, the meter is reading the amount of
resistance to a voltage supplied by an internal battery within the meter.
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Bad or Open Fuse

1. If the meter has a power switch, turn it ON.

If the meter has a power switch, turn it ON.

Set the function switches for continuity, or Ohms. This setting is
accomplished by pressing the resistance (ohms) switch or pressing a
switch.

Make sure the component or wiring being tested is not connected to
the circuit.

Place the red and black probes on either side of the component, or
wiring. Polarity is not a factor with most components. (However, it is
important, during the testing of components such as diodes.)

The audio buzzer will sound when a continuous electrical path is
present.

No buzzer sound, or a reading of infinity, indicates a break in
continuity, or an open circuit.
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Continuity Test — Internal Resistance

Before an analog meter can be used to test resistance, the needle must be zeroed.

To zero the meter, short the red and black meter probes together and then rotate the Zero
Ohms knob until the needle moves to zero.

Here we will see how to set the zero resistance setting on
an analog voltmeter, and view the meter readings results.

Then we will see how an analog voltmeter is used to test the
internal resistance of a micro switch.

Analog meters are very good for testing the internal resistance
of a switch.

To zero the resistance settings of the meter, click the zero
button.
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= When current is measured, the meter must be connected in series
= Some older analog copies needed current measurements for adjustments
= Newer digital copiers normally do not need current measurements

= Reference your multimeter instruction manual when it is needed

Koraa nsmepsetcs ToK, Npubop AoMKeH bbiTb NOAKAOYEH NOCAEA0BaTENBHO

HeKoTopble CTapble aHaNoroBble KOMUM HYXA3NNCh B TEKYLLMX USMEPEHUAX A8 KOPPEKTUPOBOK
Bonee HoBble LMdPOBLIE KOMMUPLI 06bIYHO He TPEBYIOT TEKYLLMX U3MEPEHU

Mpu Heo6X0AMMOCTM 0BPALLANTEC K MHCTPYKLMK MO SKCMyaTaLum Ballero MyasTMMeTpa

When current is measured, the meter must be connected in
series.

In some older analog copiers, the only need for a current
measurement was to readjust or check the output of a High-
Voltage Unit.

Therefore, we will not be examining the procedures to test for
current in a circuit within this course.

Reference your instruction manual that accompanies your
multimeter for further information.
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An inaccurate meter could lead you to replacing components
when they are perfectly good, or perform unnecessary
adjustments.

Calibration from time to time should be performed on all
analog or digital meters.

The calibration can be accomplished by sending the meter to
the manufacturer, or bringing the meter into a service center.

The cost for this procedure is minimal and should be
performed according to the manufacturers recommendations.
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5 Meter Basics — Review

= You should now have a basic understanding of the
operation of a digital meter

= How to test the basic types of circuits when equipment is
serviced.

= |n the next lesson, we will explore the basics of reading and
interpreting wiring diagrams.

Up to now we have seen very basic wiring diagrams and
schematics. Next we start learning about how to read the
wiring diagrams for our copiers and printers.
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6 Wiring Diagrams

Theory

Circuit & Wiring Diagrams
Pictorial Representation
Grid Usage

Grid Flags

5 Vdc & 24 Vdc Lines
Color Codes

With all of the wiring in office equipment, wiring diagrams are
critically important in troubleshooting.

We will go through the details in the next lesson.
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We will examine the following subjects:

= Pictorial Representation of Components
=  Grids

= Grid “Flags”

= Line Types

Mbl pacCMOTPMM C/ieaytoLLME TEMbI:

= [padmyeckoe npeacTaBieHMe KOMMNOHEHTOB
= CeTkM

= CeTKa «Pnarn»

= TUNbI IMHUA

As the circuits have become more sophisticated, the methods of
documentation have evolved to allow for better evaluation.

Wiring diagrams are usually large drawings of circuits and systems
that you can use to trace interconnections between components and
printed circuit boards.

[MOCKONbKY CXeMbl CTanu Honee CNOKHbIMKU, METOAbl AOKYMEHTALMM
Pa3BMBANMCH, YTODObI 0DECneYnTb NYYLLYIO OLIEHKY.

CxeMbl NoAKNYEeHMA 0O6bIYHO NPEACTaBAAT CODOM KpynHbIe
YEPTEKM CXEM U CUCTEM, KOTOPbIE MOXKHO MCMOb30BaTb A/1A
OTC/IEXKMBAHMNA B3aMMOCBA3EN MEXKAY KOMMOHEHTAMM U NeYaTHbIMM
naaTaMu.
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6.2 Circuit & Wiring Diagrams outiard
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Circuits and wiring diagrams are becoming larger and more complex,
a method was developed to aid you in searching and identifying
specific components.

Components are represented with just a plain circle or square.

ltems that are illustrated on some diagrams are now represented
graphically with a rendering of the part.

CXeMbl U CXEMbI COEAMHEHMIA CTAHOBATCA BCe HONbLUIE N CIOXKHEE,
6bln pa3paboTaH MeToa, KOTOPbIN MOMOXKET BaM B MOUCKE U
NAEHTUDUKALUMN KOHKPETHBIX KOMNOHEHTOB. KOMMNOHEHTbI
NpeAcTaBaAeHbl MPOCTbIM KPYKKOM UM KBAAPATOM. DNEMEHTH,
KOTOpPble NOKa3aHbl Ha HEKOTOPbIX AMarpammax, Tenepb rpadpmuyecku
npeacTaBAeHbl C BM3yan3aunen aetanu.
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# 3T10T 0bpaseu ABAAeTCA Wb HEDOMbLIMM pa3aesiom 0bLLero YepTexka NPOBOAKM.

This sample is just a small section of an overall wiring drawing.
CNS5
O Tray 2 Vertical
=l E Transport Clutch
CNS6
N CN49 C"_3 Tray 2 paper feed
pc24v ] e | = — o Clutch
CL1ON = 3
nc24v o] R — E | —m—
CL2ON =
ocs.v [ IE| @ = g Tray 2 Vertical
e PSS = = 2 Transport Sensor
= ] ©
=z DC3.3v [@ ] |=
r_rll Ps24 ONGE - ||: = | e
DC3.3V [ =] | | = ) Tray 2 paper feed
P =] I N Sensor
- o | = =
DC3.3V = ]
GND ]
PS26 ON - |2 2
s =] O_Q) Tray 2 Upper Limit
| Sensor
- Z,'g Tray 2 Paper-Empty
=3 Sensor

This illustration displays some basics components such as
connectors, clutches, and sensors.

The renderings are not exact replications of the components
but rather a simple graphic of each.

These graphics are used throughout wiring diagrams.

Ha 3TOM pUCyHKe NOoKa3aHbl HEKOTOpPble 6a30Bble KOMMOHEHTHI,
TaKMe KaK pazbeMbl, MydTbl U AATUYNKM.

PeHaepuHr He ABNAETCA TOYHOM KONMEN KOMMOHEHTOB, a
CKOpee NMPOCTbIM M300parKEHNEM KaXKa0ro 13 HUX.

3TK rpadUKM NCNONb3YOTCA BO BCEX IN1EKTPUYECKMX CXEMAX.
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Something common to most wiring diagrams is the use of a grid system.

Notice the rectangular blocks that run vertically along the left-hand side and horizontally along the top
edge of this section of the wiring diagram. These indicators reference the grid section.

In this example, the vertical sections have letter designations while the horizontal sections have
numbers. Locating a component or connection on the diagram becomes much easier by defining a set
of grid coordinates associated it.

When specifying the coordinate location, give the horizontal coordinate first, followed by the vertical
coordinate. For example, the tray 1 paper feed Clutch/CL3, is located at grid coordinates 3-C.

In another example, the tray 1 Paper-Empty Sensor/PS23, is located at the grid coordinates, 4-C.

YTo-TO 0buwee AnA BONBLUIMHCTBA SNEKTPUHECKMX CXEM - STO UCMONb30BaHNE CUCTEMbI CeTKU. OBpaTuTe
BHMMaHWE Ha NPAMOYTo/ibHble 610KM, KOTOPble NPOXOAAT BEPTMKANbHO BAO/b 1€BON CTOPOHbI U1
rOPM30HTANIbHO BAONb BEPXHENO KPas 3TOro pasaena Cxembl COeaMHEHUM. ST MHAMKATOPbI CCbINAKOTCA
Ha pa3fen CeTkn. B aTom npumepe BepTMKaabHble CEKUMM MMEIOT ByKBEeHHble 0603Ha4YeHusA, a
rOPU30OHTa/IbHbIE CEKLLMN MMEIDT HOMepPa. HaxoxaeHne KOMMNOHEHTa AWM COeANHEHMA HA Anarpamme
CTAaHOBMTCA HAMHOTO Npoue bharogapa onpeaeneHmto Habopa KOOPANHAT CETKU, CBA3AHHDBIX C HUM.
MpWn yKazaHMM MeCTONONOXKEHWA KOOPAMHAT CHaYaa YKaXKUTE ropuU30OHTaIbHYIO KOOPAMHATY, a 3aTem
BEPTUKANbHYIO. Hanpumep, noTok 1 nogaun 6ymarm Clutch / CL3 pacnonioxeH B KOOpAMHATHOW ceTke 3-
C.

B apyrom npumepe notok 1 latymk nyctoro bymaru / PS23 pacnonoxeH B KoopamHaTHoOW ceTke 4-C.
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Grid Terminology
2/3 4B_CN100_30_OACB

= 2/3 Sheet Number

= 4B Grid Location

= CN100 Destination Connector Name
= 30 Pin Number

= OACB Destination Component

Due to the amount of wiring, components and connections in
some circuits, wiring diagrams can expand to multiple pages.

To assist in tracing circuits across multiple pages, a system called
“Grid Terminology” has been developed.

As an example we will review this code; 2/3 4B _CN100_30 OACB.
This code provides information that the connections are on the
wiring diagram 2 of 3.

Is located in the 4 B grid area, connector CN100, pin number 30
and is located on the OACB or Overall Control Board.

13-3a KonmyecTBa NPOBOAOB, KOMMNOHEHTOB M COEAMHEHM B
HEeKOTOPbIX LenAx CXeMbl COeAMHEHMIM MOTYT ObITb paclMpPeHbl A0
HEeCKONbKMX CTPaHML,. YTObbl MOMOYb B OTCAIEXKMBAHMM LENOYEK Ha
HEeCKO/bKMX CTpaHMLUax, bbina pa3paboTaHa cMcTtema, Ha3blBaemas
«TEPMUHONOIMA CETKM». B KauecTse nprumepa Mbl PaCCMOTPUM
sToT KoA,; 2 /3 _4B_CN100 30 OACB. 3TOT KO NpeaocTaBaaeT
MHOOPMALIMIO O TOM, YTO COEANHEHNA HAXOAATCA HA MOHTAXKHOM
cxeme 2 13 3. OH pacnosoxeH B 0bnactn ceTkm 4 B, pazbem
CN100, koHTakT N2 30 n pacnonoxkeH Ha OACB man obuien nnate
ynpasaeHuA.
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Grid Terminology
Wiring Locators for:

= Connections to the Same Sheet
(Different Area)

= Connections to a Different Sheet

Same Sheet

———>» 5/5 20C_CEC33 Output
—————&& 5/5_20C_CEC33 Input

_» 1/5_4N_CEC25 Output
—(( 1/5_4N_CEC25 Input

Different Sheet

Wiring locators are used to identify that the wiring connection is on the same
wiring diagram sheet or the destination is on a different sheet.

When the connections are on the same wiring diagram sheet, but different area
double greater or less than characters are used for destination identification.
Greater than characters are used for output connections, while less than characters
are used for input connections.

When the connections are on a different wiring diagram sheet, double open or
closed parentheses are used for destination identification.

Right parentheses are used for output connections, while left parentheses are used
for input connections.

JTokaTopbl NPOBOAOB MCNOAL3YIOTCA A4 ONpeaeneHusa Toro, YTo NPOBOAHOE
coeMHeHMe HaxoAUTCA Ha TOM e JINCTE CO CXeMOM COeAMHEHUN, MU Ha3HaYeHue
HaxoAMTCA Ha APYrom aucTe. Koraa coeAnHEHUsA HaxoaaTcsa Ha O4HOM JINCTE CXEMb
coeAnHeHu, Ho pasHble 061acTh BABOe HObLIE UAM MEHbLLE CUMBO/IOB,
MCNOb3YHOTCA ANA NAEHTUPUKALMM aapecaTa. 1A BbIXOAHbIX COeANHEH MU
MCMNO/b3YHTCA CUMBO/bI BobLIE, YeM A8 BXOAHbIX coeanHeHnn. Koraa
coeAnHeHMa HaxoAATCsA Ha APYromM JIMCTE CXeMbl COeAMHEHWNI, ANA

NASHTUGUKALMM NONYYaTENA UCNONb3YHOTCA ABOMHbIE OTKPbITbIE UM 3aKPbITbIE
CKOOKM. MpaBble CKOOKM MCNONb3YHOTCA A5 BbIXOAHbIX COEAMHEHWN, B TO BpemMs
KaK 1eBble CKOOKM MCMOb3YHOTCA A41A BXOAHbIX COeANHEHNA.
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Grid Terminology
Wiring Flags:
Designates component wires may not match KM Wire Color Code

CN159
l-é )3
CN153
] H Output of Active Low —pr [ _—
: _ : )p Output of Active High— [J}—
SD4 ON = »
Ex\TTﬂAVFULLSENSORONCG;D— CN108 7 Input of Active Low | :[I_
o | =aE=])8
3 0300 - [ Input of Active High «—["T—
S pe = Vg .
i M o = Output of Active >
s LOCE E = \.b H|gh or Low
e e 2oy 5 ARl =f T Input of Active T~
— I\ P Ign or Low

Here is some additional information regarding how to identify what is going
on in a circuit.

Wiring Flags designate that the wire colors used on the component may not
match the Konica Minolta Wire Color Code.

Active Signal Flags are grouped into categories: output, input and active
high or low.

In some signals, they provide both active low or high states depending on
the status of a component.

BoT HeKoTopas AoNoAHUTEbHAA MHGOPMaLMA OTHOCUTENbHO TOTO, KaK
onpeaennTb, YTO NPOUCXOANT B Lenun. Pnarn NnpoBoA0B YKa3bIiBaOT, YTO
LIBETa NPOBOAOB, UCMO/Ib3yeMble Ha KOMMOHEHTE, MOTYT He
COOTBETCTBOBATH LLBETOBOM KOAMPOBKE NpoBoaos Konica Minolta. ®naru
aKTMBHOIO CUTHaa CrpynnMpPoBaHbl MO KaTEropPMAM: BbIXO/, BXO/, U
aKTUBHbI MaKCMMYM UM MUHMMYM. B HEKOTOPbLIX CUTHANAX OHM
NpeaoCTaBAAOT Kak akTUBHbIE HU3KNE, TaK U BbICOKME COCTOSIHUSA B
3aBMCUMOCTWN OT COCTOAHMA KOMMOHEHTA.
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T [ 2 [ s ] 4]
A 1 |
Grid Location —
B 7
= Grid 3-C T -
= Grid flag 3 from C g
connector CN10 _

= Going to the grid
coordinates 17-P

CNBE CNTE

To ease the congestion on circuit diagrams, a method has been developed to simplify the images of
wiring in the diagram. The method uses grid flags. Grid flags represent bundles of wiring that go from one
point in the diagram to another point.

This drawing was taken from a section of a wiring diagram at grid 3-C. Notice the identified ellipse as “3
and 17-P” with a smaller circle in it.

This symbol is called a grid flag. This particular grid flag is appearing from the lines out of connector
CN10. Inside the circle is a number which is referred to as a grid flag number.

Next to the circled number is a set of grid coordinates. In this drawing, the grid flag number is 3 and the
grid coordinates are 17-P. Instead of drawing all of the wires from connector CN10 to some other
location on the wiring diagram.

This grid flag indicates that all of the wires are connected to another grid flag at the coordinates of 17-P.

Y7106bI 061EMYUTH 3aTOPbI Ha NPUHLUMNMANBHBIX CXeMax, Obln pa3paboTaH MmeToa, ANA YyNpOoLLeHWA
n306parkeHuit NPOBOAKMN Ha Anarpamme. MeToa Ncnonb3yeT CeToUHble Gnarn. narkku ceTku
npeacTaBnAoT cOHOMN CBA3KM NPOBOAKM, KOTOPbIE MAYT OT OAHOM TOYKM Ha AMarpamme K Apyromn TouKe.
ITOT YepTeXK OblN B3AT M3 HACTM CXEMbI NOAKNtOYEHNSA B ceTKe 3-C. ObpaTnTe BHMMaHMe Ha
0603HAYEHHbIN INUNC KaK «3 1 17-P» ¢ MEHbLIMM KPYrom B HEM. ITOT CMMBO/T Ha3bIBAETCA CETOYHbIM
dbnarom. 3TOT KOHKPETHbIM dnar ceTKM NOABAAETCA M3 INHUI BHe pa3zbema CN10. BHyTpu Kpyra
HaXOAMTCA YNCNO, KOTOPOE Ha3blBaeTCA HOMepOoM dara ceTkun. Pagom c o6BeAeHHbIM YUCIOM HaXoaNTCA
Habop KOOpAMHAT ceTKM. Ha aTom YepTexke Homep daara cCeTkM paBeH 3, a KoopAuHaTbl ceTkm 17-P.
BmecTo Toro 4tobbl pncosaTth Bce Nposoaa oT pazbema CN10 B KaKOM-TO APYrom mMecTe Ha
3NEKTPUYECKOM CXEME.

ITOT GNAKOK CETKM YKa3bIBAET, YTO BCE MPOBOAA NOAKAOYEHDI K APYrOMYy DNaXKKy CETKM B KOOPAMHATAX
17-P.
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16 |

Grid Location —

= Grid 17-P

= Grid flag 3 from
connector CN10

= Going to Grid
coordinates 3-C

CN8 CN10 CN4

If you were to look at location 17-P on your wiring diagram, you
would find another grid flag with the number 3 in it.

In this ellipse, you will find the set of grid coordinates of the
location from where you were previously.

Therefore, you can say that the grid flag points to other grid
flags with the same number and both flags have interacting
coordinates.

Ecnn Bbl NOCMOTPUTE HA pacnonoxeHune 17-P Ha cxeme
coeaMHEHW, Bbl HalaeTe elle oAMH Gaar CeTKM C HOMepPOoM 3
Ha HeM.

B sTOM annmnce Bbl HangeTe Habop KOOPAMHAT CETKM TOro
MeCTa, rae Bbl bbln paHee.

CnenoBaTeNlbHO, MOXKHO CKa3aTb, YTO G1ar CETKM YKa3bIBAeT Ha
apyrmue dnarn CETKM C TEM Ke HOMepPoM, 1 0ba dnara nmetrot
B3aMMOZENCTBYOLLME KOOPANHATI.
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In addition to the Grid Flags, you will also see symbols that represent the voltages that the lines carry. The two
primary voltage lines you will see in Konica Minolta circuits are 5 volts DC and 24 volts DC. When lines that supply
either of these voltages are shown on a wiring diagram, they are usually drawn with a special line type. A5Vdc line
is shown as two thin lines close together, while a 24 volts DC line is shown as a bold dashed line as shown here.
Standardization exists relating the actual color of wire that is used within the copier to the voltage that the wire
supplies. Standard voltages and wire colors are used within the copier. The wiring diagrams have a one or two
letter code written next to the line, so that wire color and voltage are easily identified.

Notice the tiny letters that are written above the lines in the drawing?R equals the color red, which is positive 24
volts DC.

GR equals the color green, which is ground.

GY equals the color gray, which in this case is a signal line.

With Y, the color is yellow, which is positive 5 volts DC.

B nononHerue K CeTka Onaru, Bbl TakKe YBUAUTE CUMBO/IbI, KOTOPbIE NPEACTABAAIOT HANPAXKEHUA, KOTOPbIE HECYT
JNIMHWK. [1BE OCHOBHbIE IMHUWN HAMNPAXKeHWsA, KOTopble Bbl yBUAMTE B KOHTypax Konica Minolta, umetoT HanpsxeHne 5
B nocTosaHHOro Toka 1 24 B noctosaHHOro Toka. Koraa nHWM, KoTopble NoAatoT Ntob6oe U3 3TUX HanpAXKeHUH,
MOKa3aHbl HA MOHTaXKHOM CXeme, OHM 0BbIYHO PUCYIOTCA C MOMOLLLbIO CNelumManbHOro TMna AMHUKU. JInHMA 5 B nocr.
ToKa NoKaszaHa B BUAE [ABYX TOHKMX IMHWIA, PAacONOKEHHbIX 6M3KO APYT K APYrY, @ IMHUA 24 B nocT. ToKa NokasaHa
KUPHOWM NYHKTUPHOM MHMEN, KaK MOKa3aHO 3€ecChb.

CylecTByeT CTaHAAPTM3aLMA, CBA3bIBAOLLAA GaKTUYECKUIA LBET NPOBOAA, KOTOPbIN MCMO/b3YyeTCA BHYTPU KONMPa, C
HanpseHnem, KOTopoe NoABOAMT NpoBos,. CTaHAAPTHbLIE HANPAXKEHUA U LiBETA NPOBO/OB MCMO/b3YIOTCA BHYTPH
KOMupa. INeKTpUYEecKme cxeMbl UMeOT BYKBEHHbIN UK ABYXOYKBEHHbIN KO PAAOM C IMHWEN, YTO NO3BONAET SIETKO
onpeaennTb UBET M HanpsiKeHWe NpoBoaa.

ObpaTtnte BHMMaHMe Ha KpoLLeYHble BYKBbI, KOTOPbIE HanMcaHbl Had, IMHUAMM Ha PUCYHKe? R cooTBeTCTBYET
KpPaCHOMY LIBETY, KOTOPbIN ABASETCA NONOKMTENbHBIM 24 BOLT MOCTOAHHOIO TOKA.

GR cooTBeTCTBYET 3€/1EHOMY LiBETY, 3TO 3eMAA.

GY coOTBETCTBYET CEPOMY LIBETY, KOTOPbIV B AAHHOM C/y4Yae ABNAETCA CUTHANbHON NHUEN.

C Y LBET - KeNTbli, KOTOPbIN ABAAETCA NONOKMUTENBHBIM 5 BO/IBT MOCTOAHHOIO TOKa.
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Wiring Color Code Key
Code Color AC Line DC Line
BK Black Live - Hot line 115/120 VAC -
w White Neutral line 115/120 VAC #
GY Gray Switched line between load and AC Driver Signal line
GR Green - 0 Vdc line — Ground - DC Return
OR Orange - Regulated over +30 Vdc
R Red - Regulated +24 Vdc
Pl Pink - Regulated +15, +12, +10 Vdc
Y Yellow - Regulated +5 Vdc
BR Brown - Bias
R or W| Red or White - High-voltage output
YIGR | Yellow - Green - Chassis ground
NOTE: Some wires colors may have changed over time, but most all of the J
DC and AC Supply voltages are still current.

Here is a Konica Minolta Color Code Chart that shows a sample of the wire color codes and their
designations. This color code key is important to aid in the identification of the correct wiring in the circuits
of the printer and accessories.

The codes for black, white and gray are BK, W and GY. These colors represent the wire color codes for the
hot, neutral and switched lines for AC circuits. Remember, gray is also used in DC circuits for signal lines,
but it is a smaller diameter wire in comparison to the AC wiring.

The code for green is GR. This color represents the wire color code for ground or DC return.

The codes for orange, red, pink and yellow are OR, R, Pl and Y. These colors represent the regulated
positive voltage over 30 volts, and 24, 15, 12, 10, and 5 volts DC.

The codes for brown, red or white and yellow - green are BR, R or W and Y - GR. These colors represent
wire color codes for the developer bias, high-voltage output to the coronas and chassis ground.

Always refer to the specific diagrams for the circuit being tested.

Huxe npmuseneHa Tabanua LeToBbix KoaoB Konica Minolta, KoTopas nokasbiBaeT 06pa3Libl LBETOBbIX
KOZ,0B NPOBOAOB M MX 0003HAYEeHMSA. ITOT LIBETHOM KOAOBbIM K/OY BaXKeH 414 onpeaeeHns npasuibHON
NPOBOAKM B LIENAX NPUHTEPA U NPUHAANEKHOCTEN.

Koabl Ans yepHoro, 6enoro 1 ceporo - 310 BK, W 1 GY. 3Tn uBeTa NnpeAcTas/satoT LIBETOBbIE KOAbl NPOBOAOB
ONs ropaYen, HEMTPANbHOM M KOMMYTUPYEMOWN NUHWI ANA Lienen NepeMeHHOro Toka. [ToMHUTe, Y4TO cepbii
TaK¥Ke MCMNo/b3yeTcA B LLeNAX MOCTOAHHOIO TOKa A8 CUrHAAbHbIX IMHWIA, HO 3TO NPOBO/, MEHbLUIErO
AMamMeTpa No CpaBHEHMIO C MPOBOAKON MEPEMEHHOrO TOKaA.

Kopa ona 3eneHoro 31o GR. 3TOT uBeT NpeAcTaBAAET KOA LBeTa NpoBOAa ANA 3a3eMeHMA UM BO3BpaTa
NOCTOAHHOrO TOKa.

Koabl Ana opaHXeBOoro, KpacHoro, po3oBoro 1 xentoro - OR, R, Pl n Y. 311 uBeTa npeacTaBnawoT
peryanmpyemoe nosioxutenbHoe Hanpaxernune 6onee 30 BonbT 1 24, 15,12, 10 1 5 BO/IbT NOCTOAHHOTO TOKa.
Koapbl AN KOPUYHEBOTO, KPAaCHOro MK 6enoro n kento-3eneHoro ob6o3HavatoTca Kak BR, Ruam W n'Y - GR.
ST uBeTa NPeACTaBAAT LBETOBbIE KOAbI NPOBOAOB A1 CMELLEHMA Pa3paboTyLMKa, BbICOKOBOIbTHOIO
BbIXO/Z1a Ha KOPOHY M 3a3eMieHune waccK. Beeraa obpalllanTech K KOHKPETHbIM CXeMaM A1A NPOBEPAEMOi
Lenu.
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Connectors that are used also use different colors.

Color Code 1
Blue BL 112
. 5 3
White W
4 |4
Black BK
3 |5
Neutral N » s
Yellow Y il |k
CNBSSE CN883P SEIBSS
N

On the wiring diagram, even the connectors have color designations to help identify a specific connector
in the different circuits.

This color coding ensures that the same pin connector is not accidentally plugged into an incorrect
location.

Shown here is an example of two connectors, joined by a connector in the middle.

On the left side of the connector illustration, CN883R is black in color, the same as CN883 on the right
side.

Both of these connectors joined together by CN883P which is neutral in color.

The table that is shown here covers some of the color codes for the connectors that are commonly used.

Ha cxeme coeAMHEHMI AaXKe pa3beMbl MMEOT LIBETOBble 0603HaYeHMA, MOMOoratoLlme MAEHTUONLMPOBATb
KOHKPETHbIN pa3bemM B pPa3HbIX Lienax. 3Ta LBETOBAsA KOAMPOBKA rapaHTUPYET, YTO OAMH U TOT XKe
KOHTaKTHbIN pa3bem He ByaeT Cay4alHO NOAKAOYEH B HEMPABMABLHOM MecTe. 34eCb NOKasaH Nnpumep
ABYX pa3beMOoB, COeAMHEHHbIX Pa3beMoM NocepeanHe. Ha neBoi CTOPOHE MAOCTPALIMKN pa3bemMa
CN883R yepHoro uBeTa, TaK ke, Kak CN883 Ha npaBon ctopoHe. Ob6a 3TUX pasbema CoeMHEHbI
HenTpanbHbiM LBeTom CN883P. Tabnnua, KOTOpas NoKasaHa 3/4eCb, OXBaTbIBAET HEKOTOPbLIE LBETOBbIE
KoAbl 415 4acTO UCMOb3YEMbIX Pa3beMOB.
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6 Wiring Diagrams — Review

= You should now have a basic understanding of reading and
interpreting the information on a wiring diagram.

= |n the next lesson, we will explore various AC electrical circuits.

We have covered the basics of DC circuits, now we will
focus on AC electrical circuits!
Mbl paccMOTpenn OCHOBbI LieNen NOCTOAHHOIO ToKa, TeNepb

Mbl COCPeAOTOUYMMCSH Ha ANEKTPUYECKUX LenaX NepeMeHHOro
ToKa!
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7 AC Power Sources

= Power Supplies

= Qutlets

= Dedicated Lines

* Floating Grounds

= Qutlet Fundamentals
= Qutlet Checking

This lesson covers from power supplies to how to check to see if you
have the proper outlet voltage and wiring.

Due to the complexity of the electrical circuitry in current office
products, the quality of the power is critical to proper operation.
Ensure that proper voltage, phasing and the ever important
grounding is confirmed during installation.

3TOT YPOK OXBaTbIBAeT BOMPOCHI OT UCTOYHUKOB MUTAHUA 10 TOTO, Kak
NPOBEPUTb, ECTb /1N Y BaC NPaBUIbHOE HaMNPAXKeHWe Ha BbIXoae U
NPOBOAKaA. V13-3a CIOKHOCTU SNEKTPUYECKMX Lienent B COBPEMEHHbIX
OPUCHbIX MPOAYKTAX KaYeCTBO SNEKTPOIHEPTUN MMEET pellatoLlee
3Ha4yeHue ANs NPaBUAbHOM paboTbl. YoeauTech, YTo NpaBUibHOE
HanpsXeHne, GpasnpoBaHne U NOCTOAHHOE 3a3eM/IeHmMe
NOATBEPXAEHbI BO BPpEMSA YCTaHOBKM.
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Depending on the complexity and speed of the machine, different AC voltage
supply sources may be used.

The most common types of AC voltage circuits are: 120 VAC 15 Amp and 20
Amp, and 230 VAC 20 Amp.

The supply voltage and current rating will vary depending on your region.

For details specific to your region, be sure to check the relevant
specifications for the circuit you plan to work with.

B 3aBMCMMOCTHM OT C/IOXKHOCTU M CKOPOCTM MaLLMHbI MOTYT MCMOJIb30BATHLCA
Pa3Hble NCTOYHWKN NePEMEHHOrO HanpaxeHua. Hanbonee
PACNPOCTPaHEeHHbIE TUMbI LLenen nepemMeHHoro Hanpsaxxenma: 120 B
nepemeHHoro Toka, 15 An 20 A, n 230 B nepemeHHoro toka, 20 A.
Hanps»keHue NUTaHna M HOMMUHAAbHbLIN TOK OyAyT BapbMPOBATLCA B
3aBUCMMOCTM OT Balllero permoHa. Ytobsl y3HaTb NnogpobHOCTH,
OTHOCALLMECA K BalleMy pernoHy, obs3aTeNbHO NpoBepbTe
COOTBETCTBYOLIME CneundPuKaLMmM ANA CXEMbI, C KOTOPOW Bbl NAaHMpPyeTe
paboTaTh.
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120 VAC - 15 Amps - e
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120 VAC - 20 Amps

120 VAC, Single 120 VAC, Single 230 VAC, Dual

Phase, Current: Phase, Current: Phase, Current:

230 VAC / Dual Phase 15 Amps (NEMA 20 Amps (NEMA 30 Amps (NEMA
30 Amps Type 5-15R Type 5-20R Type L6-30R
receptacle) receptacle) receptacle)

©cee0

230 VAC - 20 Amps

: — e~
European Universal Outlet [

@ Display all _5_3_!_

European Universal Outlet
230 VAC, 20 Amps

Shown are most of the common AC power requirements in
the United States and a European Universal Outlet.

Since there are so many different outlet variations in the
World Wide Market, we will not cover all of them here.
However, the wires from the equipment all have the same,
line voltage, neutral or return and a ground wire.

Just apply that logic to the outlet for your servicing area.
Click the buttons for viewing the receptacle information.

[TokasaHbl Hanbonee pacnpocTpaHeHHble TpeboBaHUS K
nnTaHuio nepemeHHoro Toka B CLUA n eBponenckum
YHMUBepCanbHbIN BbiXxod. Tak Kak Ha MUPOBOM PbIHKE TakK
MHOIO pa3sHbIX BapMaHTOB TOProBbIX TOYEK, Mbl HE ByaeM
3gecb onuckiBaTb BCce 13 HUX. OgHako Bce npoBoda OT
obopynoBaHUs UMEIT OANHAKOBOE HaMpsiXeHUE B CETH,
HenTparnb nnn obpaTHbIN NPOBOA U 3a3EeMISOLLNN NPOBOA.
[MpOCTO NpMeHNTE 3Ty NOMNKY K po3eTKe AN BalleWn 30HbI
obcnyxusaHus. HaxxmuTe Ha KHONKK Ang npocMoTpa
NHopMaLmn 0 po3eTKe.
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Circuit ~[EHEN Circuit
Breaker Box Breaker Box
Dedicated Line Undedicated Line
= MFP on a separate circuit by itself = 3 devices on 1 circuit
= QOther devices on another circuit = False Jams
= Recommended = False Malfunction Codes

= Not recommended

Due to microprocessors used in office equipment, it is recommended that dedicated lines are used. A dedicated line is a
single run of wires from the circuit breaker to the outlet, allowing only one device to be plugged in. Voltage and current
variations from other loads may affect the operation of office equipment when dedicated outlets are not used.

As an example, there may be a printer, coffee pot and a water cooler all connected to one outlet in an office
environment. When the printer is printing a job, a new pot of coffee was just started and someone is dispensing cold
water from the cooler. The heating element in the coffee pot and the compressor in the cooler need current to operate
properly. The large current draw from those devices can cause variations when they turn on and off. These variations in
current impact the computer circuitry in the printer and could falsely trigger components at the wrong time.

Please imagine another scenario;

You are called in because the copier is jammed or has a malfunction code. Upon arrival, you clear the jam or reset the
malfunction code and cannot find anything wrong. Do not leave without verifying that the outlet in use is getting the
proper voltage and is wired correctly.

A recommendation that office products be installed on a dedicated outlet with the customer will aid in reliable machine
operation.

M3-3a M1KponpoLeccopoB, UCNOMb3yEMbIX B OPrTEXHUKE, PEKOMEHOYETCH MCNOSb30BaTh BblAENEHHbIE JTMHUN.
BblaeneHHasi NMHUSA - 3TO OAMH NPOX0, NMPOBOAOB OT aBTOMATUYECKOro BbIKMoYaTENS K PO3ETKE, NO3BONSIOLLNIA
MOAKIHOYMTE TOMNBKO OOHO YCTPONCTBO. VI3MeHeHMs HanpsbkeHUs 1 Toka OT ApPYrMX Harpy3oK MOryT NoBMUATL Ha paboTy
odhmcHOro obopyaoBaHnst, Korga BbiAerneHHble PO3ETKM HE MCMNONb3YHTCA.

Hanpumep, MOXeT ObITb NpUHTEP, KODENHKK 1 Kyrep AN BoAbl, BCE OHW NOAKMYEHbI K OOHOW po3eTke B oduce.
Korga npyvHTep nevaTaeT 3agjaHue, TOMNbKO YTO HaYyarcsl HOBbIM ropLUOK KOode, 1 KTO-TO NogaeT XONogHyo Boay U3
Kyrnepa. HarpeBaTtenbHOMY 311EMEHTY B KOPENHMKE N KOMMPECCOPY B OXNaanTere HeobXoaMM TOK A11s NPaBUITbHOM
paboTbl. BonbLon ToK, NOTPebNsemMbI 3TUMK YCTPOMCTBaAMN, MOXET BbI3bIBaTb U3MEHEHNST NMPU UX BKITHOYEHUN 1
BbIKIMIOYEHMUN. DTN U3MEHEHUNS TOKa BNUSIIOT Ha KOMMBIOTEPHYIO CXEMY MPUHTEPA U MOTYT MPUBECTU K JIOXKHOMY
cpabaTblBaHNIO KOMMOHEHTOB B HEMPAaBUIIBHOE BPEMS.

Moxanyncra, npeacraBbTe ApYron cLeHapui;

Bbl Bbl3BaHbl, NOTOMY 4YTO KOMNMUP 3aCTpAan Unm nMmeeT Ko HencnpaBHOCTU. Mo I'IpVI6bITI/II/I Bbl YCTpaHAEeTe 3aMATNe Unm
cbpacbiBaeTe Ko HEMCNPABHOCTU U HE MOXETE HaNTN HMYero nrnoxoro. He yxoaute, He y6eauBLUUCH, YTO
ncnonbdyemasa po3eTka nojiydaeT Hy>XHOe HanpsxXeHne n npaBuiibHO NoAKIo4YeHa.

PekomeHaaums o ToMm, 4To OPUCHbIE MPOAYKTbI AOMKHBI ObITh YCTaHOBIEHbI B CMeuuanu3MpoBaHHON TOProBon TOYKe
BMECTE C KINIMEHTOM, NOMOXET B HaAeXHON paboTe MaLlWHbI.
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= Problems with
microprocessor
controlled equipment
Neutral Side |
= Unpredictable machine Ground

performance (e.g. s
Jams, Misfeeds,
malfunction codes) I 1

* Damage to Printed circuit
boards

0.50 Volts AC maximum between neutral and ground

Afloating ground can cause unpredictable performance in office
equipment.

A floating ground is identified as any measurable voltage across the
neutral and ground contact of an AC receptacle.

For reliable operation, Konica Minolta specifies that no more than 1/2
volt AC can exist across ground and the neutral side of the receptacle.
Floating grounds have been known to cause problems with micro-
processor controlled equipment and unpredictable machine
performance.

MnaBatolLasn 3eM1A MOXKET Bbl3BaTb HeMpeacKkasyemyto paboTy oPpUCHOro
obopyaosaHus. MnaBatollee 3a3emieHne MAEHTUDULIMPYETCA KaK
noboe N3MepMMoe HanpsaKeEHNe Ha HEMTPANN U KOHTAKTe 3a3eM/IEHNS
PO3EeTKM NepemMeHHOoro Toka. Ana HagexkHot paboTbl Konica Minolta
YKa3blBaeT, YTO MO 3eM/1€ N Ha HEMTPA/IbHOM CTOPOHE PO3ETKM MOXKET
cyllecTsoBaTb He bonee 1/2 BONbT NEPeMEHHOro ToKa. MI3BecTHO, YTo
nNaBatoWMe 3eMM BbI3blBaOT Npobiembl C 060pyaA0BaHMEM,
ynpaBAseMbiM MUKPOMPOLLECCOPOM, M HENpeaCcKaszyembiMu
XapaKTePUCTMKAaMM MaLUMNHBbI.



7.5 Outlet Fundamentals

Examples of the various outlets.

“

120 VAC
15 AMP

120 VAC
20 AMP

-

e
|

<

230 VAC
30 AMP
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230 VAC
20 AMP

Note: The information in this section is specific to the
United States. Please refer to local guidelines for details
of the various outlet types, Supply voltages, and current
ratings for outlets that are used in your region.

Here are examples of the various outlets you will encounter when connecting the
copier or printer to an AC outlet.

We recommend the use of a digital multimeter to accurately measure the floating
ground voltage, as analog meters are not as accurate.

Do not use a simple circuit analyzer as they only confirm the polarity of the
wiring, thus indicating the wiring is correct.

Note: The information in this section is specific to the United States.

Please refer to local guidelines for details of the various outlet types, supply
voltages, and current ratings for outlets that are used in your region.

BoT npumepbl pa3nnyHbIX PO3ETOK, C KOTOPbIMU Bbl CTO/IKHETECH NPU
NOAKNOYEHNM KONMPA MU NPUHTEPA K PO3ETKE NepeMeHHOro Toka. Mbl
peKoOMeHAYyeM NCNONb30BaTb LMPPOBOM MYAbTUMETP A/1A TOYHOIO N3MEPEHMA
HaANPAXEHUA NNaBAOLWEro 3a3eM/1IEHUA, TaK KaK aHANOroBble N3MepPUTENN He TaK
TOYHbI. He ncnonb3ynTte NpocTor aHanM3aTop LEenu, NOCKOJIbKY OH TO/IbKO
noATBepKAaeT NONAPHOCTb NPOBOAKM, YTO YKa3blBaeT Ha NPABUAbHOCTb
npoBogKku. NMpumeyaHmne. UHGopmaLmMA B STOM pa3gene OTHOCUTCA TOIbKO K
CLUA. MNorkanyicta, obpaTtntechb K MECTHbIM PYKOBOACTBAM ANA NOJy4YEHUA
noApo6HOM MHPOPMALIMM O PA3NIMYHBIX TUNAX PO3ETOK, HANPAXKEHUAX MUTAHUA U
TEKYLLNX 3HAYEHUAX ONA PO3ETOK, KOTOPbIE UCMONb3YIOTCA B BalLEM pPermoHe.



7.6 120 VAC Outlet Checking
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= Between hot and neutral

& A%

Outlet specifications: 120 VAC +/- 5% Range of 114-126 VAC

To check a 120 VAC outlet, the reading is taken across the hot and neutral sides of the outlet. If you take a reading
across the hot and ground sides of the outlet, the voltage read should be similar. Outlet specifications should provide
120 VAC +/- 5% for a range of “114-126", with the machine operating it has a tolerance of +/- 10 percent.

Then the reading is taken between the ground and the neutral. The specifications between neutral and ground are 0.5
VAC maximum. When this voltage is higher than 0.5 VAC the logic of the machine can be affected as ground will no
longer be zero. The machines use zero to 5 Vdc as a logic 0 or 1. When the ground is not zero, the threshold of the
circuitry could be more sensitive and false readings are generated.

However, the equipment can also be damaged when operating with too high or low of a voltage. This image shows this
outlet being checked does not fall under proper recommendations. Low voltages, high voltages or high neutral to
ground voltages can result in a reduction in machine operability over time.

When the voltage is outside of the specifications, potential misfeeds, copy quality problems, and even damage to
printed circuit boards can occur.

[na nposepku po3eTkn Ha 120 B nepemMeHHOro Toka, CYMTblBaHME NPOU3BOAMTCA MO ropsAYen U HEMTPaNbHOM CTOPOHAM
po3eTKK. Ecnu Bbl BepeTe NoOKasaHMA Ha ropayelt 1 3a3eMNeHHOM CTOPOHAX PO3ETKM, MOKA3aHMA HANPAKEHUA AO/KHbI
6bITb 0AMHaKoBbIMUK. CneundrKaLMmn PO3eTKN AoMKHbI obecneunsaTs 120 B nepemeHHoro Toka +/- 5% a1 AnanasoHa
«114-126», npu paboTatoLelt malimMHe Aonyck coctasnseT +/- 10%.

Toraa yteHue BepeTca Mexay 3eMeit U HENTPaNbIO. XapaKTePUCTUKM MeXAY HENTPANbIO U 3eMeit He AOKHbI
npesbiwats 0,5 B nepemeHHOro Toka. Korga ato HanpaxeHue sbiwe 0,5 B nepemeHHOro Toka, 370 MOXeT NOBAUATb Ha
NOTUKY MaLUMHBbI, MOCKOAbKY 3a3emaeHune bonblue He ByaeT paBHO HyAt0. MalwmrHbl ucnonbsytoT o1 0 4o 5 B
NOCTOAHHOrO TOKa B KayecTBe nornyeckoro O nnm 1. Koraa 3azemneHune He paBHO HYJIt0, MOPOT CXEMbl MOXKET BbiTb
6os1ee YyBCTBUTEbHBIM, M FEHEPUPYIOTCSA JIOXKHbIE MOKa3aHus.

Tem He meHee, 0bopyaoBaHME MOXKET ObITb MOBPEKAEHO NPU PabOoTe CO CANLLKOM BbICOKMM UM HU3KUM
HanpsakeHnem. ITo n306pakeHMe NoKasbIBAET, YTO NPOBEPAEMan PO3eTKa He NoAnaaaeT noa Hagnexalmne
pekomeHAaaumMmn. H13Koe HanpsayKeHne, BbICOKOE HanpsKeHMe UM BbICOKOE HanpsKeHWe OT HEMTPaIM K 3eM/1e MOTyT CO
BPEMEHEM MPUBECTU K CHUKEHMIO PaBOTOCNOCOBHOCTN MaLLMHBI.

Ecnn HanpsaKeHWe He COOTBETCTBYET TEXHUYECKMM XapaKTEPUCTMKAM, 3TO MOMKET MPUBECTM K BO3MOXKHOM 3aMATHIO,
npobaemam c Ka4ecTBOM KOMMPOBAHMA U AaxKe NOBPEKAEHMIO NeYaTHbIX NaaT.



7.7 120 VAC 15 Amp ‘

Neutral has
larger

Hot side has
smaller
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opening opening

120 VAC, 15 AMP
(NEMA Type 5-15R Receptacle)

Here is a standard 120VAC 15 amp outlet with the individual
connections illustrated.

Do you notice anything that would make the connections easier
to identify?

The neutral connection always has the larger slot opening in
relation to the hot side connection, which is smaller.

BoT cTaHaapTHaA po3eTka Ha 120 B nepemeHHOro Toka Ha 15Ac
MOKa3aHHbIMWN OTAENbHbIMU COEANHEHUAMWN. 3aMETUNM /TN Bbl
YTO-HNOYAb, YTO 06NErYnT NAEHTUPUKALUMIO COeANHEHMN?
HelTpanbHoe coeanHeHMe Bceraa MMeeT bo/blee LeNeBoe
OTBEpPCTME MO CPABHEHMIO C FTOPAYUM COEANMHEHNEM, KOTOPOE
MeHbLLE.



7.8 120 VAC 20 Amp : outMard

Neutral has
horizontal
slot

(NEMA Type 5-20R Receptacle)

Here is a 120 VAC 20 amp outlet.

Notice the difference?

The neutral line connection has a horizontal slot in addition to
the normal larger slot.



7.9 230 VAC Outlet Checking outard

= Set meter higher than 230 VAC
= Place both meter leads in both of the hot lines

To check each of the 2 phases

= Place one meter lead in the ground terminal and then in either side of the
hot terminal.

= Each reading should be approximately 115 VAC.

(NEMA Type 6-30R (NEMA Type L6-30R (European Receptacle)

Receptacle) Receptacle)

Here are the proper steps for checking a 230 VAC outlet.

With the meter set to read above 230 VAC, place both leads in both of the
hot lines of the outlet.

When checking each of the 2 phases, place one meter lead in the ground
terminal of the outlet.

Then the other lead in either terminal of the hot side.

Each reading should be approximately 115 VAC.

BOT npaBuibHble Warn ana nposepkn posetkmn 230 B nepemeHHOro Toka.
Korga cyeTymK HacTpoeH Ha NnoKasaHue Bbiwe 230 B nepemeHHOro TOKa,
nomecTnTe oba Nnposoaa B 0be ropaume NnMHUKM pPo3eTku. Mpun nposBepke
Kaxkaom 13 2 $pas nomectnuTe oAnH U3MEPUTENbHbLIN NPOBOA B K1EMMY
3a3eM/IEHMNA PO3ETKM. 3aTeEM APYron NpoBoA B Nt0OOM TepMUHANE ropaYen
CTOPOHbI.

Kaxkagoe yteHune Ao/IKHO bbITb NpnbamnsntensHo 115 B nepemeHHOro Toka.



7.10 230 VAC 15-20-30 Amp ; outMard

/

2-Pole, 3-Wire Grounding: 250V

~

250V
+

A 1 {1

EQUIP.
GROUND

6-15R  6-20R 6-30R 6-50R L6-15R L6-20R L6-30R

AN

Here are the voltages that should be read when checking most
230 VAC outlets.
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7 AC Power Sources — Review

= You should now have a basic conceptual understanding of the
different types of AC outlets.

How to check them for proper voltages, and how AC power is
routed through a machine.

The key points that we have covered so far are; the
identification of the different types of electrical outlets with
their voltage and current specifications.

How to take voltage readings at the outlets to confirm that
your customers equipment has the power to work properly.

KntoyeBbIM1 MOMEHTaMU, KOTOPbLIE Mbl YK€ PaCCMOTPENN,
ABNATCHA: UAEHTUUKALNSA PasnnYHbIX TUMOB 3NEKTPUYECKUX
PO3ETOK C yKa3aHNeM MX HanpsKeHUs 1 Toka. Kak CHATb
NOKa3aHUs HanNPsKeHUs Ha po3eTkax, YTobbl yoeanTbes, YTo
ob6opyaoBaHme BalLUX KIMMEHTOB MOXeET paboTaTb NpaBuUIbHO.
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w/ Course Summary

You have learned in this course:
= |dentification of the basic types of electrical circuits.

= Explanation of the basics of how to troubleshoot each
component.

= Explanation how to read a wiring diagram.

= Explanation how to use a digital multimeter for diagnosing a
circuit.

Well done, you learned about the basic types of electrical circuits,
how to troubleshoot the elements of the basic circuits.

You have also learned how to read a wiring diagram and the basic
use of a digital multimeter.

To learn about the basic types of electrical components that are
used in Konica Minolta MFPs, you can now start with the Electrical
Systems 2 Course.

OT/IMYHO, Bbl Y3HA/IM 06 OCHOBHbIX TMMAX 3IEKTPUYECKUX LEMNEN, O
TOM, KaK YCTPaHWTb HEMCMPABHOCTM 3/IEMEHTOB OCHOBHbIX Lienen.
Bbl TaKkKe y3Ha/In, KaKk YNTaTb CXEMY COEAMHEHNM M KaK
MCNONb30BaTb UMPPOBOM MyAbTUMETP. YTOObI y3HaTb 06 OCHOBHBbIX
TUNAX 3/IEKTPUYECKMX KOMMOHEHTOB, UCNOb3yeMbix B MOY Konica
Minolta, Bbl MOXeTe Ha4yaTb C Kypca « DIEKTPUYECKME CUCTEMbI 2.
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Congratulations!

Qutward Associate Electrical Systems 1 Course.

Congratulations, you have completed the Outward Associate
Electrical Systems 1 Course.
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