INTRODUCTION TO ELECTRONICS
1. PREFACE

In the first two sections of this school, we didiasdepth study of general hydraulic theory. Irsthection, we
will discuss the theory and fundamentals of DC tel@ty as it pertains to HWH equipment.

There are two theories of how current flows throagtircuit, theElectron Theory and theConventional
Theory. TheElectron Theory says that current flows from the negative sidéh&opositive side. Section 2
does show that the electrons flow from negativpedsitive but theConventional Theory says current flows
from the positive side to the negative side. Exéepsection 2.1, we will work off of th€onventional
Theory of current flow, positive to negative.

2. ELECTRICITY; WHAT IT IS AND HOW IT WORKS

2-1 ELECTRICITY is the flow of electrons from atom to atom in adoctor. Atoms are made up of three
particles, electrons (- or negative charge), pretfenor positive charge) and neutrons (neutralgdiarhe
protons and neutrons are the core of the atomtandléctrons are in rings that orbit around the cbhe
positive charge of the protons attracts the negatharge of the electrons which keeps them in tivegs
around the core of the atom. Each atom of the sdemeent has an equal number of electrons andns cto
in a normal state, an atom is electrically neuffake number of neutrons in an element is not necigshe
same as the number of electrons and protons irelkbatent.

The rule that makes electricity work iske charges repel andunlike charges attract”. When some force such
as friction causes an electron to leave the outgraf the atom, it changes the charge state ohtbm. The
atom gaining an electron becomes negatively chaamgddhe atom that loses an electron becomes \giti
charged. When a conductor such as a copper wira pasitive charge at one end and a negative claatbe
other, the electrons in the conductor will startving. The positive charge at the end of the cormuetll
attract an electron (a negative charge) from amafdat atom will then attract an electron from a
neighboring atom leaving that atom positively cleakgrhat atom then attracts an electron and smdisa
on with billions and billions of atoms. The electsoflow through the conductor from the negativéigrged
end to the positively charged end. Now you havetetity.
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Figure 1

The plus charge attracts an electron which leavedeain the outer ring of the atom. The atom i&no
positively charged.
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Figure 2

The process is now started and as an electrorlledduiom one atom, the charge state of that atbanges
and it pulls an electron from another atom. Thevftd the electrons is electricity.



2-2 CURRENT, VOLTAGE AND RESISTANCE: Although possibly interesting to some, the previous
discussion has absolutely nothing to do with leagrio diagnose an electrical issue. The followirsguission
will also have some useless but interesting f&3tsl this section is important to understand becausavill

talk about what makes electricity work.

There are three basic factors that we deal withrwherking with electricity. It is important to undgand
these to perform diagnostics on an electrical systhe three factors aféurrent, Voltage andResistance.

2-2.1 Currentis the flow of electrons through a conductor. Catiie measured iamperes.The following
is one of those useless facts. One ampere (fromamowe will refer to amperes as amps) is a flovg.@B
billion billion electrons moving past one pointone second. The number looks like this:
6,280,000,000,000,000,000. Current is the equitvatefiow, gallons per minute, in a hydraulic syste

2-2.2 Voltages the force or pressure that pushes the curreotigih the circuit. Voltage is to an electrical
circuit as pressure is to a hydraulic system. Withpyessure fluid cannot flow through the hydracircuit.
Without voltage, electrons will not move througle #iectrical circuit. Voltage isRotential force. This
means even if nothing is turned on, there canistiNoltage. You can have voltage (pressure) withotrent
(flow) but you cannot have current (flow) withotietpush of voltage (pressure). A good analogy wbeld
tank full of water connected to an empty tank tigloa tube with a closed valve.
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The full tank has pressure in it from the weightre water. The empty tank has no pressure. Atahe
there is a potential force because there is pressupne side of the valve and not the other. Theank
would be the negative side of a battery and thetgtapk would be the positive side of the battéiige the
water tanks, voltage (the potential force) existha switch even though no electrons are movihthe
valve is opened, the water can flow from the falik to the empty tank. The same thing happensufcjase
the switch that isolates the negative from thetpasside of the battery. With the switch closex;ess
electrons from the negative side can now flow pghbsitive side.
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When the water level in the two tanks becomes eduale will be no more flow because there is no
differential of pressure to move the water. Theeptal force is gone. No pressure, no flow. Thee#mmg
happens as the battery discharges, that is, lbegsotential energy that is voltage. There arexcess
electrons to be attracted to the positive side]ifference in potential. No voltage, no currente $iee figures
on the next page.
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2-2.3 Resistances the opposition to the flow of electrical currefbe unit of measurement for resistance is
the ohm. All materials in an electric circuit creaesistance, some more than others. Materialsasich
platinum, gold, silver and copper have a lowerstasice value and are excellent conductors. Coppbei

most common of the four to be used as a conducietalthe cost of the other three. Gold and séverused
as contacts in some relays and switches. Alumirsuatsio used as a conductor but has much moreamesast
than copper. Materials such as plastic and rubtgevery poor conductors and are used as insulbtmause
they prevent the flow of current.
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We can use the two water tanks to explain resistdhthe two tanks are connected with a large twiieen
the valve is opened the water will flow from thdl fank to the empty tank quicker than two tankarected
with a small tube.
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Figure 6

The same is true with electricity. A larger dianmetepper conductor will have more electrons that ftawv
through the circuit than a small diameter coppédcator.
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In hydraulics, there is a loss of pressure at thteebend of a hose due to the friction betweerflthid and the
wall of the hose. The longer the hose, the mootidn is introduced into the circuit, the greates toss of
pressure. Again, the same is true with electrioaldcictors or wires. The longer the wires, the nvaleage
loss there will be at the load. Some time ago, ideadest up in electrical engineering at HWH whegetook
a car battery and about 20 feet of 18 gauge widecannected each end of the wire to one of thehapiosts.
Nothing happened, the wire did not even get had,(ffee battery was fully charged).

If a wire is too long, there may not be enoughagdt to push the current through. If the wire isrt@ll a
gauge, the voltage may try to push too much cutregough. This would create heat in the wire artiéf
wire is too small, it could possibly melt the wifkhis is why wires are protected with fuses ratadfie
amount of current a wire can carry.



Another piece in an electrical circuit that creatsistance is the load. Light bulbs, a solenolde/a relay,
an electronic piece of equipment such as a processomotor are all examples of a load in theuwirdhe
larger the load, the greater the resistance isdrcircuit. Once again, the two water tanks candssl to
represent the resistance a load creates in afcircui
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Figure 8

In the first example, we show a paddle wheel betvibe two tanks after the valve. With only the dadd
wheel in the circuit, the load is small and creéitéde resistance. The water flows to the secanktwith only
a little interference. In the second example, weehattached a machine to the paddle wheel witHtaNbew
the paddle wheel resists the flow of water asastto turn the machine. The machine has addestaeske to
the circuit and the water will not flow to the sadaank as quickly as it did in the first example.

When the voltage in a circuit is constant, the tbtasistance in the circuit determines the current.

Resistance comes in many different forms besidesytie, size and length of the conductor(s) inciheuit or
the size of the load(s) in the circuit. The conmmcpoints in the circuit (pin connecters, ringtéanals, relay
posts, etc.) are usually made from different matethan the wire so they would have a differeatstance
value. They could be brass, steel, stainless sta@el coated copper, to name a few. The resistareaged by
goodconnection points will in most cases be negligdnéd could probably not be measured with an average
voltmeter. Switch contacts and relay contacts néoduce resistance into the circuit, especialthéy are
pitted, arced or worn. The two main things in at#ical circuit that will creatanwantedresistancethat is
not figured into the design of that circuit dnese connectiongindcorrosion. A loose connection means that
less material in the connection will be making eattLike a smaller wire, the smaller amount oface
contact at the connection allows less currentdw through the connection. A loose connection isallg
fairly simple to detect. Connections, whether they soldiered, pin type, ring terminals or fastspade type
connections should feel tight when you try to mtwam (just don’t use so much force you create adoo
connection). Corrosion is the nasty little thihgttcan cause a lot of problems and is often oukdd or
misdiagnosed. Corrosion is caused by the reacfitimeanetals in the circuit with air and/or watenlike
metals can cause a corrosive connection. Contaseba aluminum and steel can create devastatingsson
in an electrical circuit. Corrosion can add a viarge amount of resistance to any electrical ciréwen
connections that do not appear to be corroded aae torrosion between the contact points of theection
that are not apparent with a simple visual inspectbwitch or relay contacts can be corroded. Warespc
boards can also be corroded creating resistanatdAn’'t assume a “water proof” connector is notrecded.
This is a common mistake | have seen: The pump maot@sn’t run so the pump relay is replaced. Naav th
pump motor runs. Was the relay really bad or wihenvtires were removed and attached to the new,relay
was a bad connection or the corrosion factor rem®ve

But | get ahead of myself. It's not time for diagtios yet. It's just that loose connections anaaon which

cause voltage problems are several of the mostamkesd and misdiagnosed problems encountered and no
matter how many times during this school we disdtssis probably not enough.
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2-3 OHM'S LAW is the mathematical relationship between the amoiwmobltage, current and resistance in
an electrical circuit. A German physicist, Georgn8n Ohm, established this relationship in 1827. GHaw
isV (volts) = | (amps) x R (ohms or resistance). ltakes one volt of pressure to move one amp of curren
against one ohm of resistancé.he following triangle is an easy way to remembant law and the three
ways it can be written.

V=IxR

\ I=V=+R

I R R=V=+I

Figure 9
As long as you know two of the values in the citcyou can figure the third value by using onehaf above
formulas that make up Ohm’s law. Under standingéi&ionship between voltage, current and resistas
important when diagnosing electrical issues, butiy@ay never actually use the formulas of Ohm’s ydven
working on an electrical issue with an HWH system.

In electricity, power is measured in watts. Thexfala for figuring power or watts M/ (watts/power) =V
(volts) x I (current/amps). If you understand the relationships between vahlsps, ohms and watts, it is
easier to understand how raising or lowering thvedees can affect a system. Later, we will usena fe

examples to show you how lowering voltage or insieg resistance changes how a system performs.

3. CIRCUITS AND BASIC CIRCUIT COMPONENTS

3-1 CIRCUITS: There are three types of electrical circuits, #es circuit, the parallel circuit and the
series-parallel circuit. In the discussions of ehescuits, we will refer to the resistors in thecaits but
these could be any type of load in the circuit,jost a resistor.

Series Circuit Parallel Circuit Series-Parallel Circuit
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Figure 10

3-1.1 Series circuitdrave only one path for current to flow along. Adlheponents in the circuit are
connected end to end. Series circuits have thewallg features:

1. The total circuit resistance is the sum ofediistors in the circuit. (This would include varewitches,
connections and loads.)

2. The current through each resistor is the same.

3. The voltage drops across each resistor isréfft if the values of the resistors are different.

4. The sum of all the voltage drops in the sysiglinbe equal to the voltage source.

On the following page, we will show several examspéseries circuits. We will also do the mathhow
circuit resistance, circuit current and voltagepsdracross the resistance.



Example 1: A series circuit with one 4 ohm resistor

3a—> The total circuit resistance is 4 ohms.
2 L F 12_(; in The total circuit current the battery supplie 3 amps.
VoLTS T ~J (3 amps) | = 12 volts (V) + 4 ohms (R)
<€<—3a

The voltage drop is 12 volts
Figure 11 (12 volts) V =4 ohms (R) x 3 amps (I)
Example 2: A series circuit with one 2 ohm resistor, one 5 alesistor and one 3 ohm resistor
Loas RL20O. The total circuit resistance is 10 ohms

M 2 ohms (R1) + 5 ohms (R2) + 3 ohms (R3) ohiMs
\24v/
o LT — =2 The total circuit current the battery suppli® 1.2 amps
VOLTS — 6-0V\§ 5.0 (1.2 amps) | =12 volts (V) + 10 ohms (R)cait resistance
/3&@/\ Voltage drop for R1 is 2.4 volts
€122 oo (2.4 volts) V = 1.2 amps (I) x 2 ohms (R)

. Voltage drop for R2 is 6.0 volts
Figure 12 (6.0 volts) V = 1.2 amps (I) x 5 ohms (R)
Voltage drop for R3 is 6.0 volts
(3.6 volts) V = 1.2 amps (I) x 3 ohms (R)

2.4 volts + 3.6 volts + 6.0 volts = 12 vdésurce voltage)

3-1.2 Parallel circuitshave multiple paths for current to flow. Each resisn the circuit provides a separate
path for current to flow. The resistors are sidesiole instead of end to end. Parallel circuits Haee
following features:
1. The voltage drop across each resistor is the st will be equal to the voltage source.
2. The current through each resistor will be défe if the resistance values of the resistortiéendircuit are
different.
3. The total current in the circuit is the sunthad individual currents through each resistor.
We will again show several examples of a paralkeu@ complete with the mathematics showing the
different values in the circuit.
Example 1. A parallel circuit with a 2 ohm resistor and a Grofresistor

Current through R1 is 6 amps

(6 amps) | = 12 volts (V) + 2 ohms (R)

Current through R2 is 2 amps
8a-> (2 amps) | = 12 volts (V) = 6 ohms (R)
6a 2a Total circuit current the battery supplie8iamps

1 L + _— Yy supp Y

120V T 54 120V 2 R2  6amps (R1) + 2 amps (R2) = 8 amps

VOLTS —T— 6N
- T ™ Total circuit resistance is 1.5 ohms
62 23 (1.5 ohms) R = 12 volts (V) + 8 amps (1)
< 8a
Figure 13 The voltage drop for R1 is 12 volts

(12 volts) V = 6 amps (I) x 2 ohms (R)
The voltage drop for R2 is 12 volts
(12 volts) V = 2 amps (I) x 6 ohms (R)
The voltage drop across each resistor is the sartteeasource voltage, 12 volts.

-6 -



Example 2: A parallel circuit with a 3 ohm resistor, a 4 ohesistor and a 3 ohm resistor

R34 L Current through R1 is 4 amps

da A da (4 amps) | = 12 volts (V) + 3 ohms (R)
\ 12v/ Current through R2 is 2.4 amps
(2.4 amps) | =12 volts (V) + 5 ohms (R)
24a R250 5,4, Current through R3 is 3 amps
A (3 amps) | = 12 volts (V) + 4 ohms (R)
12v Total circuit current the battery supplie®i4 amps
4a R1-3 N 4a . . . .
AMY Total circuit resistance is 1.28 ohms
" \ 12\// (2.28 ohms) R = 12 volts (V) + 9.4 amps (1)
9.4a 9.4a .
+| - N The voltage drop for R1 is 12 volts
| | (12 volts) V = 4 amps (1) x 3 ohms (R)
+12 VOLTS The voltage drop for R2 is 12 volts

(12 volts) V = 2.4 amps (I) x 5 ohms (R)
Figure 14 The voltage drop for R3 is 12 volts
(12 volts) V = 3 amps (I) x 4 ohms (R)
The voltage drop across each resistor is the sartfeeaource voltage, 12 volts.

3-1.3 Series-Parallel Circuitssimply have a combination of the two circuits expdal above. The circuit
has one or more resistors in series with a paratigibination of resistors. Depending on the amofint
resistors in the circuit that are in a parallelfaguration, figuring circuit resistance or curremtd voltage
drops can be fairly simple to very complex. | wgive you some formulas and procedures for figuvialgies
for a series-parallel circuit along with one exaeyfut fortunately this is not something that w#l important
to remember or even to refer to when dealing witiHHsystems.

The way to work with this type of circuit is togirfigure the total resistance of the parallelwirthen add
that to the resistance of the resistor(s) thatraseries with the parallel part of the circuitrfoe example on
the next page that would be R1 + total resistafié®2pR3 & R4. Once we do that, we can use | =R to
figured the total circuit current. This will let lest us figure the voltage drop across R1 andugelvhat
voltage is available for R’s 2, 3 and 4. Then we figure the current for the individual resistanghe parallel
circuit. The reason this is more difficult is besawe don’t know the voltage for the parallel pdrthe
circuit. We can't use | =V + R to figure the paehkircuit resistance as we did with the simpleatial circuit
examples because we don’t know what V is. It'statc22 problem. We can't figure the resistancenef t
parallel circuit without knowing the voltage drojsit we can'’t figure the voltage drops without kimagvthe
resistance of the parallel circuit. This is whesens new formulas come into play. The way to figinetotal
resistance of the parallel circuit is fairly simplée formula for the example on the next pages ifoHhows:

1
Total parallel circuit resistance= _1 +_1 +_1 orl=+[(1 +R2)+(1+R3)+ (1+R4)]
R2 R3 R4

If there were more resistors in the parallel cir,cyou would just add more R’s to the above equafidere is
a short cut for this problem if there are only &iseors in the parallel part of the circuit. Thatrhula is:The
total circuit resistance in a parallel circuit witl2 resistors is the product of the two resistorsided by the
sum of the two resistordvlathematically the formula would look like this:

Total parallel circuit resistance with 2 resisterR x Ror (R xR) + (R + R)
R+R
This formula can be used on any parallel circuthvainly two resistors.



Example: A series-parallel circuit has a 10 ohm resistaaries with a parallel group of resistors with eslu

of 8 ohms, 4 ohms and 8 ohms.
la—=> RI100

W
\ 10V / .25a .5a .2ba
12 + — — —
+ —— R2 R3 R4
VOLTS — N=sn V=uan VSsn
- ~ ~ ~
.2ba .5a .2ba
<—1la
Figure 15
The total resistance of the parallel part of threwst is 2 ohm. 1
1+[(1+8ohms[R2]) + (1+4ohms[R3])+ (1 -08ms [R4])] = 1+ 1 + 1
1 +[.125 ohms (R2) + .25 ohms (R3) + .125 ohm9g)|R4 R2 R3 R4

1 +.5. ohm = 2 ohm total parallel circuit resistan

The total circuit current is 1 amp.
(2 amp) | = 12 volts (V) + 12 ohms (R) [10 ohms JR12 ohms (total parallel circuit resistance)]

The voltage drop for R1 is 10 volts. The current through R1 is 1 amp.
(20 volts) V =1 amp (I) x 10 ohms (R) (2 amp) I = 10 volts (V) + 10 ohms (1)

The voltage drop for R2, R3 and R4 is 2 volts asemch resistor.

The current through R2 an R4 is .25 amps. R2 andrB4oth 8 ohm resistors.
(.25 amps) | = 2 volts (V) + 8 ohms (1)

The current through R3 is .5 amps.

(.5 amps) | = 2 volts (V) + 4 ohms (1)

3-2 BASIC COMPONENTS OF AN ELECTRICAL CIRCUIT: There are four basic components to all
electrical circuits, the electricabwer source theload, thewiring and thecontrols.

3-2.1. The electrical power sourcd-or nearly all HWH systems, the power source welthe battery
system of the vehicle. Usually these will be 12 ggstems but some vehicles like the Prevost bwgkeksave
a 24 volt system. A large percent of motorized #ielsi, especially in the RV industry, will have tagparate
battery systems. Towable units usually have justlmattery system. On motorized vehicles, one sysem
referred to as the chassis or engine batterieshendther is referred to as the house batteriesiost cases
the two systems will be the same voltage but agame vehicles like the Prevost bus may have twereift
voltage systems available. You are not going tointmtoo many 24 volt or combination 24/12 volsggms
out there but it is important to remember it isgbke. Using your 12 volt test light to check adbrg system
on a Prevost could be expensive for you dependinglat tool company you bought the test light from.
Going either way will damage components or equidrbeihusing 12 volt components or equipment on a 24
volt system will cause damage to the componenggjoipment in a VERY, short period of time. On
motorized vehicles, the HWH control systems, ligaihels or control boxes, are connected to the shass
batteries through the ignition switch. When avdéalwe prefer the use of the accessory side oigtgon
switch. The loads for the system, such as the puoipr or valves, can be power by either source. For
towable units with just one battery system, itdssammended to use a master switch between theybatte
supply and the control system. This will eliminatey current draw on the batteries by the HWH systéren
it is not in use.



3-2.2. The loadThe load is any component on the circuit that dmese work such as a light bulb or LED,
an electrically controlled valve, an electric relayprocessor or the pump motor. Most of the loadke
circuit of an HWH system are a parallel circuitaosimple single load series circuit. The newer iaattc
systems do use a series circuit with two loads @it solenoid valves) in series. We will disctiss series
circuit in more depth later in the school.

Single Load Series Circuit Multiple Load Parallel Circuit
325
*— CONTROL BOX SOLENOID
PUMP RELAY VALVE
o +12
|:| + conTacTs  E RR A,
PUMP

M LR

|:| _ MOTOR N
_ RF
LF

A,

(e 77
GROUND

Figure 16

3-2.3. The wiring or conductive pathAll the components of the electrical circuit hawebe connected.
This is accomplished with wires or in the caseraitpd circuit boards, the traces on the boards. tféces on
a pc (printed circuit) board connect the componentthe board like wires connect the parts of frstesn.
The gauge (diameter) of the wire being used musdrge enough to handle the maximum current the loa
can use and be able to maintain the voltage neledagkerate the load. For example, the resistaneecofl in
a large solenoid valve is approximately 1.2 ohmghW2 volts to the valve, the valve will draw abd®
amps. The guage of wire needed has to be capahbndfing 10 amps. But you need to remember thgelon
the wire, the more resistance the wire adds taiticait. A longer wire will cause a larger voltagep. A 14
ga. wire will in most cases handle the load oflarsaid valve. If the length of the wires was extedyriong, a
larger gauge wire may be needed to reduce thegeotteop even though the smaller gauge wire willdhan
the maximum current the load may use.

Maybe the most important thing to remember abouhgior conductive paths that is the most likeliynghto
be overlooked is; the ground path for the circegas to be the same size or have the same capabilite
positive side of the circuit. If the positive sidEthe circuit needs to be a 2 ga. wire, the cotidecapability
of the ground side needs to be equal to a 2 ga, winether the conductive path is a wire or a magrilate
or bracket such as for our pump motors. This is whether dealing with the battery cables or magnti
location and brackets for the pump motor; or thalBmwires that supply ignition power to the cahtoox.

3-2.4. The controlsThe controls direct or regulate voltage and curterto work such as run a motor, shift
a valve or turn on a light. The controls in a cit@an be very simple such as a fuse or the toggleeh used

to operate the pump motor on a lever controlleddiaump landing gear system or more complex like th
control box for a 625 series automatic levelingeays

Switchescome in many styles. There are manual switches asitbggle switches, rocker switches, key
operated switches and push button switches. We @s@s0omething similar to a knife switch in thesjiogk
valve to supply a ground path to operate the pustgyr There are electrically controlled switcheshsas
relays. Relays are used in control boxes and opuh# assemblies. Relays have an electric coilcdiages
contacts in the relay to open or close. There laeaectronic switches which are called transst@ften, we
use two or more circuits to perform a function. &mample would be a joystick leveling system. Whashed
to operate the jacks, the joystick lever complatgsound path for the coil of the pump relay. Whetivated,
the contacts of the pump relay supply voltage amceat to the pump motor from the battery. In tase, the
pump relay acts as both a load and a switch. A coenized system will have two relays to activai pamp
motor. There are three circuits used in this ojp@natot counting the control panel to the contraxb
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These are simplified drawings of the joystick puoperation circuit and an automatic pump operaticoudt.

Joystick System Automatic System
»:
—
JOYSTICK
SWITCH + MASTER - |:|
’ RELAY x
CONTROL CONTACTS
PUMP BOX
RELAY PUMP
CoIL RELAY
CONTACTS MASTER PUMP PUMP
RELAY § RELAY § RELAY
COIL COIL CONTACTS
)
Figure 17

There are many types of electronic components usedr systems that would be considered contrdiesé
include diodes, resistors, capacitors and processps to name a few. These components are ussdri
regulate and direct voltage. Normally these comptsare used on light plates, control panels amdinrol
boxes and are not considered when diagnosing pnshie the field. We don’t recommend nor is it nescey
in most cases to do diagnostics at the board lawvék field. We will discuss some of these compuasén
greater detail later in this school.

3-2.5 General circuit diagnosticsOne of the meanings of the word “circuit” in thettbnary is ‘a closed,
circular curve”. The easy way to say this® circuit is a circle”. For an electrical circuit to function, the
circle must be complete. Any break in the circld wause the circuit to not function.

Switches or other controls are used to completeitisée so the circuit can function. An open swittkates a
break in the circle. Switches or other controlsd@signed into circuits to create an intentionablirin the
circuit to turn the load on and off. The problemvisen unwanted breaks in the circle happen. Theanted
break could be a broken wire, a bad connectiowjitels (control) problem, blown fuse, a malfunctiohthe
load or a problem with the source (battery). Likéhvinydraulics, using the process of eliminatiothis best
way to do diagnostics. Using wiring diagrams oresuhtics, list all the components of the circuiteiih
starting from one end, test and eliminate each corapt until the “break” in the circuit is found. iFhe
drawing below the process would be as follows:

1. Do you have + power and ground at the source? Ye

2. Do you have power to the switch? Yes.

3. Do you have power through the switch? Yes.

4. Do you have power to the load? Yes.

5. Do you have ground to the load? No. The probebetween the load and the ground side of thecsour
6. Does the load function? You would only ask tjugstion if the answers to the above five questioar®

es.
y Full Circle - Light On Broken Circle - Light Off

CONTROL CONTROL

SOURCE

}l. LOAD SOURCE

WIRING _ WIRING
Figure 18
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When your testing produces a “no” answer to on@fabove questions, you have isolated the probfem.
could also start this process at the load butuf start anywhere else in the circuit, it is hareliminate
things and the possibility of missing something@&ases. With the above circuit, the no answer wése
fifth question, “Do you have ground to the loadB&cause there is power and ground at the sourdgy@mer
to the load but no ground for the load, the braak ithe connections or wiring between the sounckthe
load. Admittedly, finding a break in a wire candbeadache, but the connections can be easily etiecid
then just run a new wire if that would be easiantkrying to find a bad spot in the wire.

Almost all HWH electrical systems can be treatethia manner. All you have to do is identify aleth
components that are part of the problem “circldief eliminate them one at a time until the probiem
isolated.

Click on “Down Load” for a test that will cover #tle of everything that was discussed in this sthd®own
load the test and email it swhool@hwh.comve will correct it and send it back to you.
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