ELECTRONICS & HWH
1. PREFACE

This section deals with electronic equipment andpanents. We will discuss common electronic
components and components that are specific to HWhé discussion will include identification of the
components, how these components function and dstignnformation needed for testing. In the comgrat
section we will discuss most of the different elieetl connectors that are used by HWH. This wallthyou
identify the connector along with an explanatiormofv to assemble and remove wires and/ or pins fr@m
connectors. We will also discuss the correct toelsded to work on these connectors. There isaadgation
on test and repair equipment. This section dessrdome basic equipment needed to diagnose and repa
HWH systems. The discussion includes choosingpageint and the function and correct use of this
equipment.

2. ELECTRICAL COMPONENTS.

2-1 MANUAL CONTROL SWITCHES. Manual switches come in many styles and many diffecontact
actions. We use toggle switches, rocker switchash pputton switches and key switches. The termgyolo
used to describe the contact actions is importaohtlerstand. Anomentary switchis a switch that will
return to its original position when released. Yave to push and hold the switch to keep it activaf
maintained switchis a switch that will remain in the position itpsshed to. This type of switch has to be
pushed to return it to its original position.na@rmally open switch (NO)has contacts that are open in the off
position. Anormally closed switch (NC)has contacts that are closed in the off positiosingle pole switch
(SP)controls only one circuit at a time.double pole switch (DP)controls two circuits at a time. The key
switch on our room panels can control three ciscaita timg3P). A single throw switch (ST)only has two
positions, off or on. The switch can be normallgo@r normally closed. Aouble throw switch (DT) will
have several positions. The switch could be a tagtpn switch that is on in both positions or iyrbe a
switch that has three positions, on off on.

We use one hybrid switch on the 100 and 110 s@tiésver systems) leveling systems with air dumpatT
switch is a double pole switch with single throwntarcts but it works as an off, on (maintained) and
(momentary) switch. You will see labeling for standi switches that looks like this:

SPST-single pole single throw

SPDT-single pole double throw

DPST-double pole single throw

DPDT-double pole double throw

The symbols that HWH uses in diagrams and schestatidifferent switches look like this:

SPST SPST

NO —c/o— NC ——
Single pole, single throw, normally open Single pole, single throw, normally closed
DPST —
NO |
_/._
Double pole, single throw, normally open
SPDT DPDT \.//
NO ) | ® NO ) | ®
° ° o\o//o
Single pole, double throw, normally open Double pole, double throw, normally open
Figure 19



Another important thing to note about switchesrtcurrent capacity. Like wires, switches candant only
so much current without overheating or burning dtie current capability of the switch along witle th
maximum voltage the switch can be used with is lisuadicated on the body of the switch. It is inrpant
that these capacities are not exceeded. The cemhtite switch will probably be ruined if its cagg is
exceeded. This is why we use relays that can suamg amounts of current to different loads indtef
wiring the load directly to the switch. Most of amanual switches are rated for 5 to 10 amps, s@nie U5
or 20 amps. It is important that the correct swaghre used to maintain correct operation of ostesys.

Switches also have different types of terminalse Tdrminals can be soldiered, such as with a boashted
switch or they can be used with fast-on connedcymuish on) or ring terminals (screw on). Terminads a
usually numbered. The numbers are used to makenbsand repair diagrams to make sure the switahes
wired and assembled properly.

2-1.1 Manual switch diagnosticss very simple once the switch action is known. wesng a couple of
guestions will usually diagnose switch problemsll e switch stay where it is supposed to if iimaintain
type switch? Will the switch release or does itnsée stick if it is a momentary switch? Do the @wis open
when they are supposed to? (There is no contilweityeen the proper terminals of the switch.) Do the
contacts close when they are supposed to? (Theoniguity between the proper terminals of thetslv) Or
simply, is there power through the switch when tkas suppose to be power and is there no powerugho
the switch when there is not suppose to be power?

2-2 ELECTRIC COILS are not an individual component in our systemscbis are used in relays and
solenoid valves and it is important to understama boils function. A coil is nothing more than a¢pwire
wrapped around a spool, like a spool of thread. Wmver and ground are applied to the opposite ehthse
wire, it creates a magnetic field that makes the ooove. This opens or closes the electrical contaica
relay or opens or closes the seat of a valve.

All coils have a resistance value which can be kbeédut there is an easier way to check comporbkats
have a coil. Components with coils are rated fpadicular voltage, 12 or 24 in our case. Thesepmmnts
also have a minimum voltage at which they will @teror pull in and when they will drop out. An exaeof
this is our solenoid valves. The valve must puthimo more than 8.5 volts and stay energizeddrogi out)
until the voltage drops to 2 volts or less. If yaheck components with a coil in this manner, tisgstance
value of the colil is not needed. If a solenoid eahill not pull in until 9 volts, the valve is bam matter what
resistance the coil is producing. If a valve dropsat 4.4 volts, the valve is bad. Again the tasise does not
matter. Sometimes the easiest test to do on asgost check continuity between the two sideshefdoil. If
there is no continuity, the coil is bad.

Components with coils can also be affected byé¢hgth of time they are on. The wire used to makis
insulated. This insulation can deteriorate undegxaessive heat situation. The longer a coil istoemore
heat can be generated. This depends on the dediga coil. If one of our small valves is on ovér @inutes,
the coil can start to deteriorate and damage theva@he relays we use for our master relay owtidees we
use for our air leveling systems can be on for fauthout damage. If the coil wire deterioratesuegig this
can create a short or an open spot in the coibiAwith a short will usually blow the fuse thatgpects that
circuit. If there is no fuse or the fuse does riowh the wires or other components in the circan be
damaged. If there is an open spot in the coilctimaponent simply will not work. The coil will shomo
continuity between the two ends of the coil.



Finally, when the coil is turned off, it will disalhge a large amount of voltage. This dischargeceaise
damage to the switch. By placing a diode in linghtie coil, this will allow the voltage to disstpahrough
the coil instead of through the switch contactdsTeimportant because a component with a diostalied in
the component must maintain the proper polaritymihé wired into the circuit. This is called adtk emf
diode”. If the component is wired in reverse, thif ruin the diode because a direct short is @dan the
component. This will create a short in the cir@nt blow a fuse or damage wiring or other compaent
Sometimes the diode will be completely destroyduds Will allow the component to work but will novave
no protection against the voltage spike when thiesturned off. Other components can now be dasdag
For most components, we have protection built iheocontrol circuit. Our large valves used to henee
diode built into the valve. Large replacement valggll have the diode for use in older systemsiig same
replacement valve is used for repairs in new systaiso. It is just a good rule of thumb to not ceathe
polarity of the wiring in a system. You never knaven you may be causing an issue.

We will show you examples of coils with and withaibdes when we discuss other components such as
relays (next component we discuss) or solenoideglv

2-3 RELAYS. Relays are electrically controlled switches. (They sometimes referred to as solenoids but if
it is use as a switch, it is a relay.) Picturedseeeral relays presently used by HWH. In the gdé{H has

used different styles and brands of relays. Sombeoblder relays are still available but if ndig fpresent

relays can be adapted to any system produced by HWH

Pump or Master Relay Bosch Relay
SIDE VIEW FRONT VIEW SIDE VIEW BOTTOM VIEW
=
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Figure 20

A relay consists of an electrical coil and a setaritacts. The coil is used to produce a magnietid that
moves the contacts. The coil of a relay is designedork with a specific amount of voltage. If arcorrect
amount of voltage is used to operate a relay,atsgy/ will probably malfunction. The coil of the agl will
burn out it the voltage is too high or will not fition if the voltage is too low.

The contacts of a relay have limitations. The catstavill have a maximum amount of voltage and aurre
they can withstand without damaging the contaclisofthe relays we use are non-directional and the
contacts can be used to switch + voltage or grolitder terminal for the relay contacts could be skpply
side or the output side. The relay coils are atso-directional. There is no diode installed oncbé of the
relays we use. Either terminal for the relay collid be the + voltage or the ground for the coitefay can
have normally open contacts, normally closed cdastacboth. Some relays can be wired to operate as
normally open or normally closed. A relay of thype could be used to control two different circuitse
normally closed circuit and one normally open dircu

Relays are also designed according to the frequitrecgontacts are operated. Therecanrgtinuous duty

relays. These relays can be on for long periods of timéevut causing damage to the relay, but should not be
turned off and on rapidly in a short period of tinidere arentermittent duty relays. These relays are
designed to be cycled off and on while being utiad.important that the correct relay is used amithough

they look similar, one relay maybe continuous datyd the other intermittent duty. Our relays shouhibt

be confused with the Ford starter relay or othedags of that type.
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We use relays for many different purposes. We lismtto switch large amounts of current that a mlanua
switch or a computer processor will not handle.yTéiee used to send information to computer processo
from limit switches or warning switches. They cdsoebe used as a safety switch to interrupt a gttt is
reaching a critical condition that could creatg/stsm or component failure. Many of the relays \we are pc
board mounted and are not field serviceable. The mnetays we use that are serviceable are on tbeahiic
pump motors and on our air compressor assemblreseTare two different types of relays used on the
hydraulic pump motors, a continuous duty and aerimittent duty relay. The continuous duty relagrigy
used with automatic, computerized systems. They/rsl called thenasterrelay. Systems that do not use a
hydraulic pump may have a master relay. It may banted in a control box or remote from the conbrax.
System diagrams or schematics will supply thisnmiation. The intermittent duty relay is called fhenp
relay and is used with any system that has a hiidnaump motor. The relay used on air compressor
assemblies is a continuous duty relay. All thretheke relays have normally open contacts. Theotaill
pump and air compressor relays is controlled withseggnal except for the pump relay on 400 seggsling
systems and 200 series Joystick leveling systenssvitshed ground controls these relays. Safetycdner
relays may be controlled by either a + voltagerougd signal. You should always check system dragra
and/or schematics to determine the control sigoahfrelay.

We use a small Bosch relay as a safety switch alitfour cylinder and other pressure sensitive room
extension mechanisms. This relay is normally madiote the pump motor. The Bosch relay can be wisea a
normally open or normally closed relay. Check sfpesystem wiring diagrams for use and orientatbthe
relay contacts.

2-3.1 Relay diagnosticsBefore doing the actual diagnostics, it is importarknow a few things about the
relay and the circuit it is in. Are you switchingvéltage or ground? Is the relay a normally openamally
closed relay? Is the relay coil controlled withwatshed + voltage or a ground?

Most of the relays we use draw less than 1 or 2sasppoperating a relay does not create much cdj bptest
light will usually do most of the diagnostics neddae at least give you the basic answers to tte fesrelay
diagnostics. When helping someone diagnose a petdytfem, one statement | frequently get'isy test light
will come onwhen | touch either of the coil terminalsYou need to remember that a coil is just one loirg w
wrapped around a metal rdéithere is + voltage on both relay coil terminalghere is no ground for the
coil. If there is a ground on both relay coil termnals, there is no + voltage to the coil of the reja

GND /—+12 VOLTS

colL colL
+ - + -
—
GND +12 VOLTS

+12 +12
VOLTS VOLTS

Figure 22
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Most of our relays should pull in at a minimum ef/en to eight volts and stay on with less voltdba relay
is “chattering” or drops out after energizing, greblem is most likely voltage. A “chattering” rglavill
cause the relay contacts to stick or burn out. Relpeg, the ground for the relay could be the probdesm
easily as the + voltage could be the problem. Waraths a “voltage” problem or a grounding probldow
voltage will ruin a relay quicker than most oth&sues. Also a very common problem with the relaythe
pump is loose connections or corrosion. An easy wdgst a connection is with a voltmeter. They®laust
be on and the pump motor should be running. (Tlaghod can be used to test any connection as lotigeas
load for that connection is on.) Put one lead efrtteter on the relay post and the other lead owitlee
terminal. The meter should show zero voltage. Aniyage reading would indicate an unwanted resistanc
the connection. Finally, there should be zero gatdrop between the input and output posts ofagyrel

GOOD RELAY POST WEAK
CONNECTION WIRE CONNECTION
TERMINAL

|

+ VOLTAGE + VOLTAGE TO
FROM BATTERY PUMP RELAY PUMP MOTOR
(MOTOR RUNNING)
VOLTMETER JF VOLTMETER

Figure 23

Connections can also be tested by comparing thageht the post to the voltage at the wire termirtze
voltage should be the same when the exact samedjfmint is used to check the voltage. The mainiggo
point for the system should be used when testimgpections this way. The load needs to be runninghie
test procedure also.

Normally open (NO) relay diagnosticslf the relay will not turn on (close the contact$e following tests
should be mad& hese tests are made with the relay on. This iseva¢est light will give you the basic
answers you are looking fdt.is always a good idea to check your test lighhwa known good voltage and
ground source to verify that your test light is Wiag. | speak from experience.

1. Is there + voltage (or ground) to the supplyigput) side of the relay?

2. Is there + voltage to one of the coil termiraishe relay?

3. Is there ground to the other coil terminal & thlay?

4.1f 1, 2, and 3 are yes, is there + voltage (ougd) to the output (switched) side of the relay?

#2 SOURCE

CONTROL
BOX
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INPUT

+
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;?/—#SSOURCE

#3 COIL GROUND

+12
VOLTS

Figure 24

As always, it is a matter of using the procesdliafigation. If the answer to #1 is no, there is+weoltage or
ground to the supply side of the relay, check simatrce. If the answer to #1 is yes, check #2 tlgerif#he
answer to #3 or #4 is no, check their source.dfahswer to #2 and #3 is yes, go to #4. If the answ#4 is
yes, the relay is good. If the answer is no, tier® voltage (or ground) on the output side ofriiay, the
relay is bad.



Diagnosing a normally closed relay that is on (aotg closed) at all times is easy to diagnosethali needs
to be done is to remove the control wire or chéekdontrol wire for + voltage or ground, whicheisgeused
to control the relay coil. If the control voltageground is not present or the control wire is rgatband the
relay stays on, the relay is bad. It is importamadte that sometimes the relay contacts will dpdre relay is
tapped. It may not take much of a tap to causedhéacts to open. If the relay suddenly startsitetion
properly after being tapped, it was probably stc@hitacts in which case the relay should be replaced

Normally closed (NC) relay diagnosticsDiagnosing a normally closed relay is much the samdiagnosing
the normally open relay. You just are looking fone different answers as you perform the tests.n\\Vhe
diagnosing a relay that will not turn on, (open tbhatacts) you start by tuning the relay on to qanfthe
tests.

1. Is there + voltage (or ground) to the supply(i) side of the relay?

2. Is there + voltage to one of the coil termiraishe relay?

3. Is there ground to the other coil terminal o thlay?

4. Is there + voltage to the output side of thayel
BOSCH
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Yy J CONTROL 12
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Check #1. If the answer to #1 is no, there is moltage (or ground) to the supply side of the retheck its
source. If the answer to #1 is yes, check #2 ti&rif#he answer to either is no, check the sofwcé¢hat
terminal. If #2 and #3 are answered yes, checkHgre is the difference between a normally open and
normally closed relay.) If the answer to #4 is ybsg, relay is bad. If the answer is no, the retagdod.

As with a normally open relay, if the contacts afamally closed relay will not close, remove tlatol
voltage or ground from the relay. If the contaeimain open, the relay is bad.

When diagnosing any relay, it is important to rerbenthat the wire connections to the relay mayhleggsue
and not the relay. Many relays are changed bea#useniss-diagnosed problem. A weak connection can
seem to be a bad relay. When the relay is repldbedyroblem is fixed, not because the relay is batl
because the connections are fixed when the rel@placedWhen diagnosing a relay using the diagnostic
procedure discussed above, put the probes of thelight or meter on the relay posts, not the wire
terminals. If connections are weak, that will show up whestitey.

2-4 FUSESare an important control device in any electrigatem. Fuses are use to protect wiring and
components from damage or fire by protecting waned components from over heating due to excessive
current draw because of a faulty component, cirewgrload or a short. A fuse, very simply, creatdseak in
the circuit when its current rating is exceedede Ndve used many different types of fuses oveydlaes. We
have used automatic circuit breakers, automotiasggiuses, large blade fuses, standard size auventtdde
fuses, the newer mini-blade fuses, buss type fasdoly fuses. The circuit breakers and largedfades

are no longer used. The poly fuses are only usqatdioards in control boxes or pan&4ass, buss and

blade fuseshave a conductor that burns and creates a brehk icircuit when the current rating of the fuse is
exceededCircuit breakers have contacts that will open when the currenhgatif the breaker is exceeded.
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Circuit breakers can be reset automatically or iyl he use of automatic circuit breakers is not
recommended?oly fusesare unique in the fact they don’t have to be regadleor reset after “tripping”. As the
current rating of the poly fuse is exceeded, tha kgl cause the material of the poly fuse to Higteesist the
flow of current. The poly fuse will remain “openhtil current is removed from the supply side of thee or
the overload or short is removed from the load sitihe fuse. Fuse size is very important. Somethiat is
quite often overlooked is the traces on pc bodfdses are also sized to protect these tr&msect fuse size
must always be maintainedVhen too large a fuse is used, the wiring, tracesl@ads are put in jeopardy.
Traces can easily be burnt when fuses are overaizédhis usually is an expensive repair. Wiring ca
overheat which can cause a fire. This is an evere mgpensive repair. Too small of a fuse will netally
cause damage but will certainly affect the perfarogaof the system by causing a break in the cieen
though the circuit is operating well within its edtcapacities. The main thing to remember abo@sfugen
diagnosing fuse issues @ly an overload or short on the load side of a éuwill cause a fuse to open or
trip. No issue on the voltage/current supply sidetloe fuse can cause a fuse to open or trip.

FUSE PUMP PUMP
200 AMP RELAY MOTOR
— + ©
L n! y 0 0 M v
+12
VOLTS NOT
PROTECTED PROTECTED
Figure 26

2-5 DIODESare electronic devices used to control the direatiorrent can flow. A diode will only allow
current to pass through in one direction. The diioes are referred to as forward and reverse BiaBode
installed into a circuit with a forward bias willaw the current to flow through. A diode installadth a
reverse bias will block the flow of current. There different types of diodes including LEDs wharle “light
emitting diodes”. We use many diodes and LEDs insystems, but most of them are mounted on pc board
or installed in a component such as the large saderalves and are not serviceable in the fielts ot even
important to be able to diagnose diode issues wh@nare part of component. But sometimes when
necessary, a diode may be used in a harness. \W&ieni$ a diode in a harness, the harness will have
“DIODE” label at the point where the diode is inkd. One way to check a diode with a meter isdtitise
meter to “DIODE CHECK”. When checked in the forwdnids, the meter should read approximately .5 volts
When checked in the reverse bias, the meter shieattlOL or open.

\. FORWARD BIAS CHECK
— 51

.
NOTE: Some DIODE SYMBOL o . |
styles of diodes ——m—> +12 RED BLACK
when checked CURRENT FLOW VOLTS L, o
in the forward — [
bias mode will DIODE \. REVERSE BIAS CHECK
read a different
voltage Power must be off - -é-
' to circuit to use the 2 BLAC:IK o
"diode" check. Meter VOLTS ﬁ%
could be damaged.
Figure 27

If the reading in both directions is “OL”, the diode is open.
It the reading in both directions is 0.00, the diod is shorted.
If there is a diode in a harness wire, a continuitgheck of that wire cannot be performed.
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2-6 TRANSISTORSare electronic relays or switches. It is usedaiatiol| the flow of current in a circuit. It
will either allow the current to flow or stop thiewv of current. There are three parts to a traosishe base
the emitter and the collector. There are two tygfdsansistors but we are not going to discusstrestruction
or do an in-depth study of the theory of how tlaasistor works. Except for an old style solenoilvea
transistors are used exclusively at the board levelur components. | can think of no time (at pinesent)
that you would have to do diagnostics that directiyplve troubleshooting a transistor. It is neeggdo
understand what a transistor is and the basicdaf wdoes when it becomes necessary to readesrstit.

NPN TYPE PNP TYPE

EMITTER COLLECTOR EMITTER COLLECTOR

BASE BASE
Figure 28

In comparison to a relay, the base of a trans(siong with the emitter) is the coil and the enmitiad
collector are the contacts. The two types of tistoss are the PNP and the NPN. The PNP transises a
ground to switch the base and the NPN uses a p@sititage to switch the base. When the base bees t
switching signal, current can then flow through titamsistor between the emitter and collector. fFaesistor
symbol shows which way the current flows, alwaytghe direction of the arrow.

2-7 CONTROL BOXES AND PANELS are the heart of HWH electrical systems. They camdyy simple
like the 100/110 system panels or very complextiiee2000 series CAN systems. Most systems wilehav
one control box or panel but systems like the Acthir system or the 2000 series systems can hawzale
different control boxes. A 110 panel has one sp@aloard on it but a 680 control box may have asynas 8
different pc boards in it. These pc boards candrg simple or very complex. For example, the 110@ard
has 11 resistors, 5 diodes, 1 transistor and 10sLEDat’s not very many components consideringneed 1
resistor for each LED. And that pc board contrbkswhole system. I'm not going to even try to cotinet
components on one of the more complicated pc bohedsne know if you want to, | will send you a
schematic.

It may seem like | am trying to overwhelm you witbw complicated systems are but that is not mynirda.

| just want you to know the range of what we deighwere at HWHThe important thing to realize is that
no matter how simple or complicated the control boxpanel is, the diagnostics for each one is fairl
simple if you understand how the system operated how the components functiofMany of the system
components that the control boxes or panels wotlk ane the same no mater what system you are wprkin
on. A solenoid valve is a solenoid valve, a warrsnggch is a warning switch, a relay is a relay atdAll
any box or panel does i®ceive information and send out control signalsERIEMBER, POWER IN,
POWER OUT.

All boxes and panels have connectors to link thetné¢ system components such as the valves, relays,
warning switches or pressure switches to name aA#twough some are more readily available thareth
there are diagrams available for all boxes andIpahat will label the inputs and outputs. Thisluell you

which connectors and which pins are connected iolwdystem components. And once you understand how
the different components function, you are almashé.This section of the school (2. ELECTRICAL
COMPONENTYS) is probably the most important sectiofhthe Electrical SchoolMaybe the most important
thing to remember about control boxes and panstea@ally the computerized systems, is to nothleirt
intimidate you. Understand the system componerdsdagnosing control boxes and panels, for the mpatt
will be easy.



Maybe the most important things to consider wherkmg on one of our systems with a control probiem
“Which system is it?"This can be more complicated than diagnosing tbblem. All of our different
systems have a series number but this number isatetl anywhere on control boxes, touch panelgbr |
plates. As of December of 2008 the different seniedave available or were available in the past ar
100/110 series-independent, lever controlled malewaling system.

200/210/225 series-joystick controlled bi-axis lawg system.

310 series-touch panel controlled manual bi-axisliag system.

305/325 series-short board, touch panel contraliadual bi-axis leveling system.

325 series-long board, touch panel controlled midniexis leveling system.

400 series-paddle switch controlled computerizedlisg system-independent or bi-axis.

500 series-touch panel controlled computerizedls-@veling system with 14” control box.

510 series-touch panel controlled computerizedts-@veling system.

600 series-touch panel controlled computerizedkiseveling system with 14” control box.

610 series-touch panel controlled computerizedisgveling system.

610 series-touch panel controlled central grouraedputerized bi-axis leveling system.

625 series-touch panel controlled computerizedisdgveling system.

625s series-touch panel controlled single touchprderized bi-axis leveling system.

680 series-touch panel controlled computerizedis-eveling system-rooms with hydraulic locks.
2000 series-touch panel controlled CAN computerlzeakis leveling system or room control system

Most of our leveling systems have a repair marhuat is available on the HWH web site but you need t
know which system you are working on to get theexdrmanualThere are several different 610,325 and
625 repair manuals. It is very important to get thecorrect manual. On the HWH website under “Customer
Support & Technical Service” you will find “LevelinSystem Identification”. This section will giveyo

visual and written information to help identify wehi system you are working on. Click on “Levelings&m
Identification” to link to this site. You can alsse the “Parts Catalog” on the web site under “@ust
Support & Technical Service”. There is a “HWH QahBox quick reference guide” in the parts catalog

It is also very important to get the correct paner when ordering repair parts. There are diffiecentrol
boxes, touch panels or light plates in every saridsveling system. The 2000 series CAN systemdvas
150 different control box numbers. There are 8edéht light plates for the 200/210/225 joystickdkwg
systems. The differences could be kick-down oiigittaacting jacks, spring or air suspension, howmyna
room extensions the vehicle has or a variety oéiotbasons. Different controls are used for mogoriar
towable units, rooms with locks or travel clampsr@ybe the vehicle has air leveling with or withautg
axle. Whichever series the system is, it is impudrta make sure the correct controls are used.dlso
important to note that sometimes we use a gengy& tontrol box that will replace several differenntrol
boxes. If the replacement box does not have the sammber as the original, it could be a good idezheck
and make sure it is the correct balust because two control boxes, touch panels ohtiglates looks the
same, it doesn’t mean they are the same.

310 series - 4 jacks w/air dump 310 series - 3 jacks w/air dump 325 series - 4 jacks w/air dump

AP10054 AP10353 AP31351

o HWH HYDRAULIC LEVELING o o HWH HYDRAULIC LEVELING o o HWH HYDRAULIC LEVELING o

Hi - il oF Hi

TSI I IS IIFIIIT.

RSSSSSSSSSSS

Figure 29

-9-



You will notice that the touch panels on the pregipage all have the exact same lexan cover. Thece
visible difference at all between the two 310 sepanels. The only visible difference between drihe
panels is that the 325 series panel has a diffpebbard and plug assembly. This difference wowldbe
noticeable unless the panel was removed. Even yloenhave to know what you are looking for. Control
boxes are even worse. You could easily have 10y 20ore boxes with no physical difference but due t
programming differences in the computer chip, theds will have a different part number.

2-7.1 Control box or panel diagnosticas | said earlier, can be simple. | don’t meanwdunever

encounter some system that makes you want to fmehaeprofession. All of us, even our engineers Hzaen
there. But | can tell you from experience, 90%tw time we discover something simple that was rdisse
because of inaccurate information or over-thinkimg problem. A loose wire, corrosion, low batteojtage

or something else that was overlooked. We have seen a whole day wasted because nobody checked to
see if the park brake was set.

The easiest way to diagnose an electrical problgmmu don’t understand the system or componertis ise
the correct repair manual. The HWH repair manugdsaaitten in an order that follows the operatidrie
system. Anytime a problem is encountered whilegiite manual, the manual will explain what to check
where to check and what to check for.

The main thing to remember is the control boxesparkls function on the power in and power outmheo
Making sure that the voltage and ground for thetrobipanel or control box is within operating spass
usually the first thing you will want to do. Onceuwestablish you have good voltage and grounchimptinel
or box, you can diagnose the problem. The follovarga couple of examples.

A solenoid valve will not open. Do you have powethe box? No power? If there is no power to the the
box cannot work. If there is power, then do youéhpewer on the correct output pin for that valvidRére is
power on the output pin for the valve, the problemot the box. If there is no power on the outpat check
the appropriate fuse. If the fuse is blown, thebjem is most likely not the box. If the fuse is gothe
problem is most likely the box.

+12 J % L
POWER IN OUTPUT PIN /J—,

FUSE

SOLENOID
VALVE —>

CONTROL BOX

Figure 30

One warning light will not come on. If other wargihghts are working, voltage and ground is propatuat
the issue. (Still a good idea to check it.) Do yawe a ground on the appropriate pin for that waysiwitch?
No? The problem is not the box or panel. Yes? Tmrol box or panel is most likely the issue.

CONTROL PANEL

WARNING WARNING
LIGHTS SWITCHES
N ————
+12 M L] L ]
[ ]
=
[
Figure 31
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On 325 series long board manually controlled lexgesystems and all automatic systems from the &8ss
system on, there is no good way to diagnose a @mokhat is isolated to either the touch panel otrod box.
These systems use multi-plex communications betwezhox and touch panel. There is no way to ussta
light or multi-meter to check the communicationrsity between the box and touch panel. The onlgtthat
can be done is to check the cable connecting tbheTive cable can be checked for continuity from teneind
and to make sure no wires are shorted to grounagether. Sometimes it will be necessary to tryffernt
touch panel and if that is not the problem, theange the control box.

Another thing that is important to note about cohitroxes is that normally there are multiple poseurces
for the control box. Usually, ignition power is ds®r the control box itself and there is switcloed
unswitched battery power into the control box feteenal loads such as solenoid valves. Some systeays
have as many as four different power sources. Make to review these issues before beginning degso

2-8 WARNING SWITCHES (jack down indicator switches. Both the kick-down style and the straight-
acting or fixed style jacks have a warning switchndicate the jack is in the vertical positionestended.
Most warning switches are very simple electricabgept the switch used for the early 610 seriesliley
system jacks. This was a three wire switch witlistess and will be discussed separately in thisiaecAll
jack warning switches, including the three wiretsthves, simply complete a ground circuit. This grbis
used to turn on a red jack down indicator lightlo& control panel along with some type of mastemnvng
indicator such as a light or buzzer. It is alsodusesupply jack down information to the computesgessor
in automatic, computerized leveling systems.

2-8.1 Kick-down style jacks.The kick-down jack warning switch indicates thekjdas swung to the vertical
position. It does not indicate the foot of the j&es extended or that the foot is on the grounayi@lly, the
warning switch was attached to the cylinder ofjaok with a band clamp. The switch is now screwethe
pivot point of the jack. All kick-down warning swhes, except the three wire kick-down warning dvas;
are two wire switches. The wires coming from thé&&wpoint up when the jack is horizontal and paatvn
when the jack is vertical. The electrical partlod tvarning switch is a small canister inside thenrbady of
the switch. This canister has a small steel baltmalong with two contacts that attach to theesvof the
switch. One wire is connected to ground and therothre goes to the control panel or control bogupply a
ground for the warning light circuit for that padiar jack. As the jack swings to the vertical posi, the ball
in the switch rolls into the two contacts of thatstv completing the circuit. This supplies a grodadthe
jack warning light and the processor if applicaflleese switches can be adjusted to come on soonet o
come on as soon by bending the switch up (lighsdée&ome on as soon) or down (light will come on
sooner). Older kick-down switches contain a merawitch and should be disposed of properly when
replaced. The older switches function the same tivayew switches.

9000# Jack 9000# Jack
Vertical Position Horizontal Position

WARNING

SWITCH Two Wire

Kick-Down

Warning Switch WARNING /
SWITCH

GROUND
ENHANCEMENT GROUND
WIRE ~— WIRE
SIGNAL
—— WIRE

Figure 32
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The connection for the warning switch to the wagrswitch harness is presently a two pin Packaresector.
The harness has two wires for the switch. Onedgytbund supply from the control box or panel ttieepis
the “signal” wire for the warning light circuit &te control box or panel. Where the wires are teskinto the
connectors for the harness and the switch, theezttars are labeled A and B. The ground wire isrieslein
the A slot and the signal wire is inserted into Bhslot. It is important that the wires are insériteto the
correct slot. Newer switches have a small whitewtith a ring terminal. The ring terminal goes unithe
screw that holds the switch onto the jack. Thisewielps insure the cylinder of the jack is groundéds is
important on jacks with pressure switches use@débomatic systems. The jack cylinder is normallyugrded
through the pivot bracket but the pivot point of fack can create a weak ground connection focyheder
due to dirt or corrosion, especially on jacks tinaty not be operated frequently.

Older kick-down switches are two wire switches lbad either no Packard connector or a single pikarec
connector. Harness and ground connections were midldéutt connectors, soldiering or ring terminals
Replacement switches are supplied with an adap#brailows you to connect to the existing harnesk a
properly ground the switch. It is not recommendedde butt connectors unless the connection isredve
with shrink tube when completed. Whatever typearfrection is made, it needs to be waterproof. Thargl
connection will be a ring terminal and the impottdring is to make sure the connection for the targinal
is to clean metal and the completed connectiomnatepted against corrosion.

2-8.2 Straight-acting or fixed style jack warningswitches.The warning switches for straight-acting or
fixed style jacks indicate the foot of the jack leasended slightly. As with the kick-down jackse thwitch
does not indicate the foot of the jack is on theugd. The foot of the jack will extend between hiand 2
inches depending on the type of switch the jacls.uEkere are four different switches that have hes=al
with straight-acting or fixed style jacks not cangtthe three wire switches that will be discusiseelr.

2-8.2.1 The side port switclwas a single wire switch and as named, screwghetgide of the jack cylinder.
The switch has a spring that isolates two contaben the jack is retracted. As the rod retracis he barrel,
the top of the rod hits the end of the switch, puglhe spring and end contact up. When the cytiedtends
about 1 inch, the spring pulls the two contactetbgr supplying a ground from the body of the dwitcthe
wire of the switch. The switch is a normally closedtch with the spring in the relaxed positioneTwitch
wire should have a single pin Packard connectoe. ditiot point of a straight-acting jack with thisiech can
be a weak point for the ground circuit due to dirtorrosion. Attaching a hose clamp/wire assenblye
jack cylinder and directly to the frame can helghik problem arises. Allow enough slack in theenor the
jack to pivot without putting a strain on the wildake all connections watertight to maintain a ggoalind.

Changing this switch will be difficult if the exiag switch is removed with the jack retracted. Tieav switch
cannot be inserted into the cylinder unless thmdgl is extended several inches. To replace amide
switch, extend the jack several inches. Removéabieof the jack or place blocks between the fout the
barrel of the jack to prevent the rod from retragt{When the switch is removed, the oil will be reksd$rom
the jack and the rod will retract if not restrairjddnplug and remove the switch from the jack arsiall the
new switch. The switch needs to be tight but amg-seals the switch so be careful to not overtéigtihe
switch. Do not use a thread sealant on the threbilhe switch. Replace the foot and springs orrekthe
jack slightly so the blocks can be removed. If¢hgtch is removed with the jack retracted, remdwedpring
from the end of the switch and use the old switth plug so the jack can be extended.

The drawings on the next page show the side pottiswand also the 2 inch plunger warning switche Th

plunger switch will be discussed next. Althoughtinei of these switches is used in production attime,
replacement switches are still available.
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Side Port Switch 2 Inch Plunger Switch

—
Figure 33 U J

2-8.2.2 The2 inch plunger switchwas also a single wire switch. This switch was ardgd with 24,000 Ib.
capacity jacks. The name of the switch says itladl jack has to extend approximately 2 inchesrieedfte
warning indicators come on. The plunger switch moemally closed switch. The small rod coming frtra
bottom of the switch (opposite end from where tlre\attaches) is the plunger. As the rod extends
approximately 2 inches a spring in the switch paghe plunger out allowing the contacts in the clwtb
close, which completes a circuit for ground frora Hody of the switch to the wire of the switch. §hirns on
the warning indicators. As the rod retracts, ithmssthe plunger rod up which opens the contadiseo$witch
in turn opening the ground circuit. Like the sidetpswitch, the pivot point of a straight-actinghawith a
plunger switch can be a weak point of the grouncuid due to dirt or corrosion. Attaching a smaihi
clamp/wire assembly to the switch and directlyne frame can help if this problem arises. Allow @gio
slack in the wire for the jack to pivot without piog a strain on the wire.

Depending on access issues, the replacement ahgesl switch is relatively simple. The only requient is
that the jack is fully retracted before removing #witch. Unplug the switch and unscrew the switoch the
jack cylinder. A small amount of oil may come ofitlte top of the jack. Install the new switch aighten.
The switch seal is an o-ring so do not over tightenswitch. Do not use any type of thread sealarthe
threads of the switch.

2-8.2.3 Thetwo wire magnetic warning switchis the most recent type of warning switch. Thegetao
versions of this switch. One haslack two pin Packard connector and the other hgisag two pin Packard
connector. The switch with the gray connector ésdhly magnetic switch used for production now veith
straight-acting or fixed style jacks. The connegtoave keying slots so a switch with a black cotorezannot
be plugged into a harness with a gray connectathblecan a switch with a gray connector be pluggénla
harness with a black connector. Other than the@ton, the switches look the same. The differeadhe
distance the jack will extend before the warnindjéators come on.

The switch with a black connector will allow thekato extend 1 to 1 ¥4 inches before the warningcatdrs
come on. The switch with a gray connector will adlthe jack to extend ¥4 to ¥z inch before the warning
indicators come on.

The magnetic warning switch is a normally closeddw There is a magnet fixed to the top of theirmide
the jack. When the jack is retracted, the magnelbse to the switch. This opens the contacts setts no
ground circuit for the warning indicators. As tlael extends, the magnet moves away from the swikcth
allows the contacts to close. This provides a gdazircuit for the warning indicators.
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The harness has two wires for the switch. Onedagytbund supply from the control box or panel ttieepis
the “signal” wire for the warning light circuit &te control box or panel. Where the wires are teskinto the
connectors for the harness and the switch, theemtars are labeled A and B. The ground wire isrteskein
the A slot and the signal wire is inserted into Bhglot. It is important that the wires are insériieto the
correct slot. Newer switches have a small whiteewsoldiered to the ground wire of the switch tolibdy of
the warning switch. This wire helps insure themgér of the jack is grounded. This is importanjawks with
pressure switches used for automatic systems.aldkecylinder is normally grounded through the pivot
bracket but the pivot point of the jack can createeak ground connection for the cylinder due toati
corrosion, especially on jacks that may not be ateerfrequently. Replacing an existing warning slwit
without the small white wire with a new switch walblve a grounding problem on an older jack.

Replacing a magnetic warning switch requires tkk fa be fully retracted. Removing a warning switgkth
a jack extended will cause a considerable messamd be a hazard if the vehicle is supported leyjdlck.
The jack will retract if the switch is removed. fieplace the switch, unplug the switch and unscrenstvitch
from the jack. Install the new switch and be cdragwnot over tighten the switch. The switch use®aing
seal. Plug the switch in and test the system.

Two Wire
Magnetic Warning Switch

2-PIN
PACKARD
GRAY
OR
BLACK

WARNING
SWITCH

2z

SIGNAL GROUND
WIRE —>||«—— WIRE

ROD

[

GROUND
ENHANCEMENT
WIRE ‘ |

MAGNET —

Figure 34

2-8.3 One and two wire warning switch diagnostic&Varning switch diagnostics is usually a simple
process of elimination. Start by isolating the gitor circle. The main components of the circuit are the
warning switch, the harness and the control bgkg Iplate or control panel. The following diagrash®w
three circuits; a central grounded two wire warrsmgtch (this would be what is presently being ysadon-
central grounded two wire warning switch and a nentral grounded one wire warning switch. They are
drawn with the switch open as if the jack wouldrégacted. The warning light would be off.

Two Wire Switch - Central Grounded System

LIGHT PLATE
— TR WARNING
| WARNING LIGHT | HARNESS SWITCH
P — "o
o | SIGNAL WIRE i i | b . ]
| . | | crounDWIRE | d—— ] %ﬂ | /
A — H 1 - p
r47 - Lo
L

Figure 35
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Two Wire Switch - Non Central Grounded System

LIGHT PLATE
| WARNING LIGHT | HARNESS V\g\/\ll'«;_ll\_llcl\:_'G
-~ [ SIGNALWIRE | [—=F Wit
I BT | ]
< |
One Wire Switch - Non Central Grounded System
LIGHT PLATE
HARNESS WARNING

| WARNING LIGHT |

[ SIGNALWIRE | [—F—7 ] =
RS a— HC [ H =ik

SMI’CH

—

On newer systems (since about 1994) the warnintgises are centrally grounded at one main locatibim w
the rest of the grounds needed for the system,fbotnanual and computerized automatic systemsol@ear
kick-down jack systems and single wire switchesstomight-acting and fixed jacks, the grounds far t
switches are dependent on the jack mounting anladéopivot point of the jack. Warning switch repaiir an

older system may involve cleaning the warning swgoound wire connection to the frame or jack bedack
the addition of a ground wire to the cylinder foreowire switches.

o

Figure 36

Warning switches have only two positions. If thekjgs retracted, the switch contacts should be @pehthe
warning light for that jack should be off. If a kiclown jack is vertical or a straight-acting/fixgak is
extended slightly (1/4 to 2 inches depending onjdbk and typed of switch) the switch contacts thde
closed and the warning light for that jack shoutdon.

2-8.3.1 If a jack is retracted and the warning ingtators will not go out, just unplug the switch or separate
the harness from the warning switch on older systand see if the indicators go out. If they do,dheblem
is at the switch. If the indicators don’t go outhlwihe switch unplugged, the signal wire in thenleas is
shorted to ground or there is a problem with tgbtlplate, control panel or control box. If the ®hiin
guestion is a magnetic switch, remember therengagnet in the jack that opens the switch contdtts.
magnet could be the problem. For the newer two suigches with the small ground enhancement wire,
make sure the ground wire in the switch and harpkggare in the A slot. If the wires are revergedither
the switch or harness plug, the warning indicatalsbe on all of the time when the switch is plaghinto the
harness. When the wires are reversed in one gfltiys, there is a direct ground on the signal wgdong as
the pivot point of the jack has good conductiviyground. Remember, the ground enhancement witleeon
switch takes care of a weak ground point that meagitlihe pivot point of the jack. If using a mdtecheck
the switch when the jack is retracted, the meteukhshow the switch totally open.

2-8.3.2 If a kick-down jack is in the vertical pogion or a straight-acting/fixed jack is slightly extended,
and the warning indicators are not on,again unplug the switch or separate the switcin fitee harness.
Locate a good ground point and ground the signiad withe harness. This would be the wire in tredB of a
two wire harness. If the warning indicators cometbe problem is at the switch. If the indicatoos@ come
on, the problem is the harness or the light platefrol panel or control box. For two wire switchgsu
should be able to short the two pins in the harpassgtogether and turn the warning indicatorslbthe
indicators come on, the problem is the switchhé#f indicators don’t come on, the problem is theugtbin the
harness, the signal wire in the harness or the (itztte, control box or control panel. Using a mébecheck
for continuity through the switch to ground is misually necessary. Grounding the signal wire (Bejin the
harness will give you the information you need.
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2-8.4 3 wire warning switchesThe 3 wire switches are only used on jacks foretuy 610 series leveling
systems thaARE NOT centrally grounded. There are two basic typeswir8 switches. There is a switch
for the kick-down jacks and one for straight-actordixed jacks. The early version of these switchad two
single pin Packard connectors and a long ground with a ring terminal. The single pin shroud carioe
was for the jack pressure switch. The single pimetoconnector was for the harness connection. @seit
switches, the ground wire is in a two pin towermector with the signal wire for the switch. Theljgressure
switch connector is still a single pin shroud castoe Early systems will have only one wire, thgnsil wire,
to each jack in the harness. The later systemstavevires in the harness, a ground wire for thenivey
switch and the signal wire. Replacement 3-wire wayiswitches come with an adaptor that will conrgect
warning switch with a 2-pin Packard connector tiwaire harness with a single pin Packard connemtoo
connector.

Three Wire Kick-Down Jack Three Wire Straigh-Acting or Fixed Jack
Warning Switches Warning Switches
:@4_
HARNESS GROUND HARNESS
— HARNESS
GROUND | PRESSURE
PRESSURE LPRESSURE SWITCH
SWITCH SWITCH
i gay
e
Figure 37

The 3-wire warning switch was developed to allow tise of one signal wire in the harness to ea¢hgaen
though each jack has two information switches. Back has a warning switch and a pressure switbh. T
warning switch is for the jack down warning liglatisd the pressure switch is used during the staiglinode
of automatic leveling to let the computer know jhek is on the ground. The 610 non-central grounded
leveling system will be discussed in greater deta8ection 7 of the HWH ONLINE SCHOOL.

The 3-wire warning switch has two resistors incogped into the assembly. There is a 430 ohm resisto
the warning switch wire and a 100 ohm resistorh@ngressure switch wire. These two resistors end ap
parallel circuit when both the warning switch ahd pressure switch are on. The total resistanti@srcircuit
is approximately 81 ohms. If only the warning swits on, the circuit resistance is 480 ohms. Thieviong
diagrams show the 3-wire switch circuit in thregpst both switches off, with only the warning switm and
with both the warning and pressure switches on.didgrams show what the resistance values will benv
measuring at different points on the switch. Actualasured values should be within between 5 and 10
percent. The switch circuit is the same for thdddown or straight-acting style warning switch wiither a
single pin or 2-pin Packard connector.

WARNING SWITCH

| won |
| SIGNAL WIRE

’—/—43;\%3 | / ’/ZOPEN

= ! GROUND WIRE
100.0 /ZOPEN — S

~ Ll JACK PRESSURE SWITCH

HARNESS
CONNECTION

Figure 38
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WARNING SWITCH

| 100 N
| HARNESS

WA SIGNAL WIRE
| 430 0[] = —={=+— CONNECTION
I ’_’-_/\/\/\/J / /Z 430 N
— — — ' GROUND WIRE
100.0 7/ f 530 .0 — S

"Ll JaACK PRESSURE SWITCH

WARNING SWITCH

[ 100 _|
HARNESS

i SIGNAL WIRE
| 4300 L =={lJ=+— CONNECTION
| ’—”'—’\/\/\/J /ZSlﬂ

|
— .
i A%—GROUND WIRE

T L}« JACK PRESSURE swiTcH

Figure 39

2-8.4.1 3 wire warning switch diagnosticsThe basic diagnostics for a 3 wire warning switkkhie same as
other warning switches. The function of the swikko have open contacts so the warning lighti®ohave
the contacts closed to turn the warning light ém. jack is retracted and the warning light forttiaek
remains on, unplug the pressure switch from thanimgrswitch. If the warning light goes out, the gmare
switch is stuck on. If the warning light remains anplug the switch from the harness. If the wagright
goes out, the problem is the warning switch or ipbg$she magnet with a straight-acting style jalikhe light
does not go out, the signal wire (or the B sida two pin plug) in the harness is shorted to gronmttere is
a problem with the touch panel or control box.

If a warning light will not come on when a jackastended or vertical, unplug the harness and grtumd
signal wire (B side of a two pin plug). If the warg light comes on, the problem is the warning slwidr the
grounding of the warning switch. If the warninghigloes not come on, the problem is the wire inhdr®ess,
connections, the touch panel or the control box.

Some straight-acting jacks used with the 610 se&w@scentral grounded system used the single wdeeort
or 2 inch plunger warning switches. A special adapiith resistors built in is used with this typlesystem.
The diagnostics remain the same as above. Simplyigrswitches or ground wires to test the warnigit!
circuit.

Adaptor with Resistors

PRESSURE
SWITCH PLUG —»

iﬂ]jb:k— HARNESS PLUG
[

WARNING

_ =, | l«— swITCHPLUG
Figure 40

The systems with three wire warning switches cgreagnce severe grounding issues that can make the
system operate very erratically during the autoerlatieling procedures, especially during the sizhi)
mode. For complete diagnostics of the 3-wire wagrawitch and pressure switch circuit, along witkaded
instructions for grounding this system refer to MB8 in the service manual section of the HWH wédb. si
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2-9 PRESSURE SWITCHESHWH uses pressure switches for many different nems@ressure switches
are used with hydraulic leveling systems, room msiten systems and air leveling systems. At thig{iadl
pressure switches are used to complete a groucuitagxcept the pressure switches used on our air
compressor assemblies used in air leveling systenessure switches can be a one wire or two wirlsw
The one wire switch is an internally grounded skuifthese switches rely on a good ground througipitee
of equipment they are attached to. Two wire swiatedy on a ground supply wire in the harness. Sohtlee
switches we use are produced by HWH but not all.Htee used hydraulic pressure switches in thetpast
were produced by a different manufacturer and teegure switches we use on air leveling systemalsoe
produced by a different manufacturer.

The following are some of the pressure switchestthae been used or that are still being used byHHW
There have been a few other different pressurebestused but these were/are the most common. All
switches used by HWH can be diagnosed the saniess switches.

Two wire air pressure
switch used on air
manifolds and air
compressors. This switch

Two wire air pressure
switch used on air
manifolds and air
compressors. This switch

PRESS SW

is no longer used. It can is the current switch that is NASON

A . . . . o] S
be replaced with a new being used. It is available in P
style air pressure switch. several different pressure [ }

ratings. v o

Adjustable air pressure
switch used only on air
compressors. This switch
comes with no wires and is

wired during the assembly Q
of the air compressor.

One wire hydraulic pressure

switch. This switch is produced

= by HWH. It is used on jacks,

leveling or room manifolds and
some synchronizing cylinders.

The part number and pressure rating
of the switch is identified on a part
tag on the wire of the switch near the
Packard connector.

Two wire hydraulic
pressure switch. This switch
was used primarily on S
leveling system manifolds.
The normal setting for this
switch is 3000 psi.

©;

@© @

B
z
g

i
M4

Figure 41

Important note: All one wire hydraulic pressuretsives look the same. It is important to get thgppro
switch when replacing a hydraulic pressure switch.

Pressure switches, like other types of switches peanormally open or normally closednarmally open
pressure switchwill have open contacts with no pressure. Theastwill close as the desired pressure is
reached. Example: The 50 psi pressure switch ohytieaulic manifolds has normally open contacts Th
circuit is open. When the pressure in the manifeltthes 50 psi, the contacts close which compileées
circuit.
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A normally closed pressure switctwill have closed contacts with no pressure. Theaa will open as the
desired pressure is reached. Example: The 20 esspre switch on an air leveling manifold has ndlsma
closed contacts. The circuit is complete. Wheraith@ressure in the manifold is approximately 20 the
contacts of the switch will open. This will creatédreak in the circuit.

Pressure switches also have what is called a egs$eiThe quick explanation of hysteresighs: pressure the
contacts of the switch open and close at is shgtiifferent.Example: The contacts of a 20 psi air pressure
switch close at 20 psi. The pressure the contga at is slightly less, approximately 18 psi. lostncases,
the hysteresis of the switch is not important fiagdostic purposes. The pressure differences wendirin
the systems are great enough that the hysterethe sfvitch will not be noticeabl&he contacts of

normally open switches will close on a rise in prasire. Example: The 3000 psi hydraulic manifold
pressure switch contacts will close as the pressgreases to 3000 pJihe contacts of normally closed
switches will close on a fall in pressure. Exampl&:he contacts of the 20 psi air manifold pressungcéw
will close when the pressure drops to 20 psi.

The only pressure switch that the hysteresis ottigch is important enough to note on diagrama/ioen
performing diagnostics, is the air pressure swialed on air compressors for our air levelingesyst There
are several types of pressure switches that ackarstseveral different amounts of hysteresisersthitches.
The contacts of an air compressor pressure swititlclase as the pressure drops to a certain |eves.
contacts will open as the pressure increases tddsieed level. Example: On the AP0198 air comeske
pressure switch contacts will close when the pmesdrops to 70 psi. This will turn the air compi@ssn. (If
needed) The contacts of the switch will open winenpgressure rises to 90 psi. This will turn the air
compressor off. When diagnosing air compressorlpnog, it may be important to obtain the open andel
pressures of the air compressor pressure switch.

Pressure switches are used in the systems foradaiferent reasons. A pressure switch can be asexh
information switch, a limiting or safety switch azan be used as a warning switcfihe following list is the
different switches used in our hydraulic and asteyns.

2-9.1 Jack pressure switchdack pressure switches are a single wire switctiymed by HWH. It is used as
an information switch. The switch is a normally nsvitch and completes a ground circuit when thigcw
contacts close. Jack pressure switches, for thé paos do not have a specific pressure rating. &teeption
to this is a jack pressure switch set at 550 dss $witch has its own part number. The switchrsgitiepends
on the size of jack and the weight of the vehidbsek pressure switches are adjustable and maytoded
adjusted after installation. Switches installethH&fH on larger jacks are set at a higher pressurethie
replacement switches (except the 550 psi switaplithe same setting, 140 psi. Jack pressurelssgtare
used to let the system computer know that jackithe ground. Most jack switches are used on coenjzed
leveling systems during the stabilizing part of keling procedure. On towable units, the fronkjaressure
switches must be on to start an automatic levalingfore procedure.

2-9.2 3000 psi hydraulic manifold pressure switchfhe 3000 psi manifold pressure switch is a singte w
switch produced by HWH. This switch is an inforroatswitch. Older systems may have a two wire switch
that was not produced by HWH. These switches caefilaced by the new 3000 psi switch. A few vemjyea
computerized systems had a 2500 psi switch. Th® Be0switch is a normally open switch and compglete
ground circuit when the contacts of the switch elas the system pressure reaches 3000 psi. Altitbagh
switch is adjustable, this should not be neces3drg.3000 psi manifold switch is only used on cotepmed
hydraulic leveling systems or on room extensionesys which have hydraulic locks or room systemé wit
room in/out limit switches and air seals. Normahlg switch is on the leveling system manifold batyrbe on
a room extension manifold if the vehicle does reotehnHWH hydraulic leveling. The 3000 psi manifold
switch monitors system pressure and is used teatelian “excess slope” situation during automatieling.
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Example: The two front jacks have extended as far as theyaad the front yellow level light is still on.
When the system pressure reaches 3000 psi anditicl sontacts close, the controls stop the legelin
procedure and turn on the “EXCESS SLOPE” light.Wdom extension, the controls must see the 3000 ps
system switch when changing a sequex@ample: When the controls see an unlock switch, they ralsst
see the 3000 psi system pressure switch beforg goithe next sequence, room extend or room reffaet
same is true with the room in/out limit switchesh& the controls see a room in switch, they msst s¢e

the 3000 psi system pressure switch before engagingm lock or shutting the pump off.

2-9.3 50 psi hydraulic manifold pressure switchThe 50 psi manifold pressure switch is a singleewir
information switch produced by HWH. This switchoisly used on 310 series, 305/325 series, 625ssanie
2000 series leveling systems. This switch is a adlgnopen switch and completes a ground circuit rvtine
contacts of the switch close as the system pressaohes 50 psi. This switch must be installechen t
manifold so it comes after the shuttle valve inttigdraulic circuit. The 50 psi manifold switch isad to let
the controls know the shuttle valve has shifted janll solenoid valves can be opened. Jack solerahves
cannot be opened electrically until the controbs the 50 psi manifold pressure switch.

2-9.4 5000 psi hydraulic synchronizing cylinder pessure switch:The 5000 psi sync cylinder pressure
switch is a safety switch that is only used on fogimder room extension systems. The 5000 psictwg a
normally open single wire switch produced by HWIidn& four cylinder sync cylinders used a two wire,
4000 psi pressure switch. There is one pressuttetswn each chamber of the sync cylinder for eacmr
cylinder. Each switch is a normally open switch andhpletes a ground circuit when the contacts ef th
switch close as the pressure between the synadeylemd a room cylinder reaches 5000 (4000) pss Th
switch is important because if a four cylinder roextension cylinder jams during a cylinder retract
procedure, the pressure between the sync cylimdkthe jammed cylinder can exceed 10,000 psi. Whis
certainly damage cylinders and hoses. If the presgaches 5000 (4000) psi, the sync cylinder press
switch contacts close. This opens a Bosch relapempump motor and turns the pump motor Niver
operate any four cylinder room extension if any onéthe four 5000 (4000) psi sync cylinder pressure
switches are unplugged.

2-9.5 Air compressor air pressure switchThe air compressor pressure switch is a normatiyed two wire
information or control switch. This is the only pseire switch used by HWH to switch a positive \g@tarhis
switch is used to keep the compressor off unlesséhicle system pressure drops below a specife.le
There have been several different switches thab@ahave been used. One of the switches is a sssyre
that cannot be changed and the other switch islgustable switch. It is also the only switch tHad t
hysteresis of the switch is considered importagstetresis is the difference in pressure wherewhe!s
contacts open and close. This will be explainedietail a little later in this section, 4.9. Wherst®m air
pressure is low, usually between 70 and 85 psemi@pg on the switch, the switch contacts are dasel
positive voltage transfers through the switch cotstéo the contacts of the compressor relay. If the
compressor relay is on, the air compressor will Agthe system air pressure increases to somewhere
between 90 and 120 psi, again depending on thelsviite switch contacts open. This will eliminatsitive
voltage from the compressor relay coil and theampressor relay will turn off. The compressor wik run,
even if the system controls are sending a signilrtothe compressor on.

2-9.6 Air bag air pressure switchesThe air bag pressure switches are on air maniiedesl in HWH air
leveling systems. These switches have all beenalbriclosed, two wire switches. Present switchesaar
potted switch with a two pin Packard connector. @lndag pressure switches are used to completeund
circuit when the contacts are closed. There aferéifit arrangements of air bag pressure switchethbu
most common is one switch for each side of thetfasite or suspension, one switch for each sidaefirive
axle and one switch for each side of the tag dde equipped. Different ratings of the air bagsgree
switches are used.
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There are 10 psi, 20 psi and 35 psi air bag presswitches. And there may be a combination of tiese on
the same vehicle. These switches have dual fursctkirst, they are used as a warning switch. l@ b
pressure drops to the switch rating, the contdotseavhich completes a ground circuit to the cdrdystem.
This will turn on warning indicators. The other pase of the air bag pressure switches is to kezpehicle
from twisting during a lower procedure. There atteeo programs but the current program is thisitHes
front air bag switch is on (contacts closed), aflower function will halt or cannot be performeither
manually or in the automatic mode. If either reshrve axle) air bag switch is on (contacts closedkgar
lower function will halt or cannot be performed.glaxle air bag pressure switches do not inhibitleagling
function and are only used as warning switchesbAg pressure switches do not inhibit any raisetfan.
Note: When an air bag pressure switch is acting aswarning switch, there is a one minute delay in
control system between the time the switch contactdose and the warning indicators come on.

2-9.7 System air pressure switche3he system air pressure switch is a warning svatdig used on the
drive axle air manifolds. They are teed into thesapply to the air manifold from the vehicle ajsem.
These switches are normally closed two wire swicReesent switches will have a two pin Packard
connector. Older switches may have a single pifkkd&daconnector with the other wire having a ringrieal
that is attached to the manifold. The system presswitch will complete a ground circuit when thehicle
system air pressure drops to the rating of theckwikhere are several different rated switches.uBeelre is
an 85 psi switch and a 100 psi switch. The systessure switch is only used as a warning switcheWVh
system pressure drops to the switch rating, théactsof the switch close. This completes a graziralit to
the control system. The control system will themtilhe warning indicators on. Unlike the air baggsure
switches, there is no delay between the switchamsclosing and the warning indicators coming on.

In wiring diagrams in owners and repair manualespure switches are simply drawn as they physitzik;.
When drawn in schematics, we use the following sybrhe pressure rating is listed next to the@wit

HYDRAULIC OR AIR SCHEMATICS ELECTRICAL SCHEMATICS
NORMALLY * A 3000 PSI NORMALLY —_—
OPEN \ SWITCH OPEN

3000 LB PRESSURE SWITCH

NORMALLY
CLOSED

3000 PSI NORMALLY

_
VvV SWITCH CLOSED

50 LB PRESSURE SWITCH

Figure 42

2-9.8 Pressure switch diagnostic®ressure switch diagnostics is much like diagnoaimgrning switch; all
the pressure switch does is open or close a ciMost of the diagnostics can be done with a test lig
continuity tester or some jumper wires. In someesai may be necessary to have a pressure guatetde.
When testing hydraulic pressure switches, the guages to be capable of at least 5,000Msst air systems
we deal with would not exceed 150 to 200 psi. iiiportant to know if the switch is switching a gral or a
+ voltage. This information can be found in repaanuals or in wiring diagrams.

Normally open pressure switchesA normally open pressure switch should be totatigrowith O pressure in
the system. If the switch is a two wire switch, tireuit should be open between the two wires efdWitch.

If the switch is a one wire switch, the circuit sltbbe open between the switch wire and the bodief
switch. When testing the continuity of the switiths best that the switch is unplugged. When ttesgure in
a hydraulic or air circuit reaches the rated pressfithe switch, the switch contacts should cld$ere
should now be continuity through the contacts efstvitch.
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Normally closed pressure switchesA normally closed pressure switch should have l@nyresistance
between the switch contacts with O pressure irsyiseem. A two wire switch will show a closed cirtcwith
little resistance between the two wires. A one wirgtch will show a closed circuit with little ressance
between the wire and the body of the switch. Wiestirig the continuity of the switch, it is besttttiee
switch is unplugged. When the pressure in a hydraulair circuit drops to the rated pressure efslwitch,
the switch contacts should open. There should beontnuity between the contacts of the switch.
Knowing the function of the pressure switch willpneetermine if a pressure guage is needed fopriber
diagnostics of the switclexample 1: A jack pressure switch is not functioning corngcfou do not need to
take a pressure reading at the jack, a jack pressutch should close when the jack has liftedvisiacle
approximately 1 inch. The pressure at which thiecisieved is not important, only that the vehidis hbout
1 inch.Example 2: An automatic system will not show excess slopengkieugh two jacks are fully extended
and the vehicle is not level. It will be necesdargetermine that the system can develop more3ta0 psi.
The pressure switch will not close until the systeaches 3000 psi and the switch can be set at-460 psi.
The problem may be the switch but could also bleudtle valve or the pump itself.

Pressure switches may have some tolerance. Thikhatbaw the switch to open or close at a slightly

different pressure than the stated operating pressuthe switch. A 20 psi air pressure switch ropgrate at
19 or 21 psi. A 3000 psi hydraulic pressure switey operate at 2900 or 3100 psi. If the statedspresand
actual operating pressure of a switch seems taeragt contact HWH to obtain switch tolerance infation.

2-10 LIMIT SWITCHES. Limit switches, for HWH, are only used with roomtemsions or other type of
slide out systems. We use room in and/or roomiot $witches, floor up/floor down limit switches,
lock/unlock limit switches and clamp retracted liswvitches for our electric travel clamps. We alse a
vacuum switch on some air seal vacuum manifolds.

Limit switches are used to supply the system cdsmirith information about the position of the equignt the
switch is used for. This information is criticaltranly for the proper operation of a room or slidechanism
but also to prevent damage to the mechanism. Havlogking mechanism extend while a slide mechaimgsm
moving will create an obvious problem.

HWH uses several types of limit switches. We useise styles of simple magnetic switches. We use th
electronic Hall Effect switch. This switch is alactivated with a magnetic field. We also use sd\ifierent
mechanical switches. The following are our preseusled limit switches and their most common use.

MAGNETIC ROOM POSITION SWITCH-NORMALLY OPEN CONTACTS

][] =

MAGNETIC PREVOST ROOM LOCK POSITION SWITCHES-NORMALLY OPEN CONTACTS

‘ LOCK —
| | _—
LOCK —L
| UNLOCK —
| | o
UNLOCK —L
Figure 43
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MAGNETIC STANDARD ROOM LOCK POSITION SWITCHES-NORMALLY OPEN CONTACTS

OLD STYLE

NEW STYLE

3-WIRE HALL EFFECT ROOM POSITION SWITCH

SINGLE POLE -NORMALLY OPEN OR NORMALLY CLOSED
MECHANICAL ROOM POSITION SWITCH ﬁ

MECHANICAL TRAVEL CLAMP POSITION SWITCHES

SINGLE POLE DUOBLE POLE
WIRED NORMALLY CLOSED ONE SIDE NORMALLY CLOSED
ONE SIDE NORMALLY OPEN

Figure 44

Some limit switches are used to switch positiveage and others switch ground. It is importantiteok
wiring diagrams to determine what type of circhié switch contacts are completing. Many of our reom
lock limit switches do switch a positive voltagectiit. In the case of a cut or pinched wire, a fwieblow
instead of giving the controls a false reading obmpleted ground circuit. Magnet and/or switchifiasing
is also important so the switch is not made tosmswanot made at all.

2-10.1 Limit switch diagnosticsBefore diagnosing limit switches make sure whadlohswitch it is along
with how and when the switch should functiésithe switch a room in or out switch, a floorampdown
switch or is the switch a lock or unlock switchitla magnetic, mechanical or Hall Effect switch®&ld the
switch function as a normally open or normally eldswitch? Although the switches shown above dia¢ t
information, it is important to remember there eamays be exceptions to the rule. Does the switchptete
a ground circuit or a positive voltage circuit? Wheu have this information, diagnosing the switVven the
Hall Effect switch should be simple.
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Another important thing to consider when diagnodimit switch problems is the adjustment of thetswi A
large percentage of the time, the switch problethtuin out to be an adjustment problem. Make shee
magnet and switch are positioned properly. If th#ch is a mechanical switch, the switch arm orgthétch
activating cam may need to be adjusted. It is @s$y important to make sure the room, floor, loclseal are
actually in the correct position for the switchrémd. Rooms, especially with locks, will have asage that
must happen for the room to operate properly. Siomestthe sequence involves the 3000 psi pressutehsw
with a limit switch before the sequence can cominithe problem may not always be the limit switch.

Mechanical and magnetic limit switchesThese switches are like any switch. If the switak hormally
closed contacts, there should be no continuity foora side of the switch to the other when the $wigaot
activated. If the switch has normally closed cotstaihiere should be continuity between the contaitts
very little resistance when the switch is not aatidd. The position of the switch contacts shoulhge when
the switch is activated.

Example 1: The switch is a magnetic room position switch ttedewhen the room is retracted. The switch is
a normally open switch. The switch completes a gdoeircuit. As the room is retracting, there shdodno
ground on the signal wire of the switch. When themn becomes completely retracted, the magnet shioeld
up with the switch. The contacts of the switch stl@mlose and there should be a ground on the sigmalof
the switch Example 2: The mechanical switch on an automatic travel claygnormally closed switch.
With the travel clamp completely retracted, thetslvis activated and the contacts should be opdrervthe
clamp has extended slightly, the switch contactaikhbe closed. Because of the nature of this ititbat
involves some diodes, the switch should be testddthe wires to the switch unplugged. This switch
completes a ground circuit when the clamp is extendnd a positive voltage circuit when the clasp i
retracting. Because of the diode in the circuitewlextending the clamp, there would be a grounidadh
sides of the switch even with the clamp fully reteal.

Hall Effect limit switches. The Hall Effect switch is a solid state electroswatch that reacts to a magnetic
field. The Hall Effect switch is used as a roomipos switch. The switch we use acts as a normaign
switch that completes a ground circuit. The swihel three wires, a positive voltage wire, a growitd and
a signal wire. These switches all use a 3-pin Raotannector. The pins of the connector are labAldsl
and C. A is the ground wire. B is the + voltagetfog switch. C is the signal wire. Most (if not)albntrols
will have indicator lights to show incoming signdl® not check the signal wire of a Hall Effect switavith
a test light. Damage to the switch may occur.

When a magnet is close to the switch, the swit@tiwated. This puts a ground on the signal vitake sure
the room is in the proper position, fully extendedetracted. Most (if not all) controls will hauedicator

lights to show incoming signals. Check the appmtprindicator light. If the light is on, the switehnot the
problem. If the light is not on, the proper waycteeck the switch is to first check for ground aongipve
voltage on pins A and B. Unplug the switch whilstiteg. If either is missing, that must be addredsstl The
switch cannot function without power and groundodth are present ground the signal wire (pin Ghe
harness. Check the control box to see if the ctmtezognize the ground signal. If the controlssaeing the
ground signal, plug the switch back in and usexdereal magnet to activate the switch. Again, chibek
indicator light.If the indicator light is on, the switch is workinghe problem is most likely the position of the
switch or magnet. Adjust as necessary. If the mdiclight does not come on, the switch is faulty.

Vacuum switch for air seal manifolds.This is a normally open switch that will completgraund circuit
when the contacts close. With no air exhaustingnftioe manifold, the contacts of the switch showddpen,
no continuity between the wires of the switch. WAthexhausting from the manifold and the air $ely
deflated, (this is a visual check) the contactthefswitch should close, completing a ground cirdumay
take several seconds after the air seal is fultlathsl to activate the vacuum switch. Not all @alsmanifolds
will have a vacuum switch.
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2-11 SOLENOID VALVES-HYDRAULIC AND AIR. Solenoid valves are used to direct the flow ofdlui
or air in our leveling systems and slide mechanisdo¢enoid valves consist of some type of seatsand
electric coil. When the coll is energized, the seat is activadezpen or close, depending on the type of valve.
When the coil is de-energized, a spring moves ¢lag Isack to its normal off position. All valves ept one
hydraulic valve are controlled by switching theaitage side of the circuit. HWH manufactures althod
hydraulic valves that used but none of the air @slWWe will discuss the different types of hydraand air
valves separately. We will then discuss the diatic®sf the valves jointly.

2-11.1 Air solenoid valvesWe presently use seven different style air valudsliere are multiple part
numbers for some of these basic valves. The diftarén the valves is the wire connections for thlwe. All
of our air valves are two wire valves. One valveyrhave a ring terminal on one wire and a Packard
connector on the other. A different part numbewgadhat uses the same basic valve may have two ring
terminals. Other than changing wire ends, theseegadre totally interchangeable. Older systems had
harnesses with one wire going to each air leveladge. The ground for the valve was done righhat t
manifold. Adaptor wires are available to adapt galwith two pin connectors to the old single pimleases.
None of our air valve have a “back emf” diode bintb the valve so either wire of any of the ailves can
be + voltage or ground. (See section “4.2 Eledwoils” for an explanation of the back emf diode.)

The following are the seven basic valves. Valveslder systems may look slightly different due to a
different coil arrangement that was used. All afsd valves have 12 volt coils:

AP1940 AIR VALVE

This is a normally closed valve and is activated by
switching + voltage. This valve is the primary valve used
on basic air leveling manifolds but is also used on air seal
manifolds. Valves supplied before the mid-90s had a
different coil arrangement.

This is a normally closed valve and is activated by
; switching + voltage. This is a high flow valve and is used
#> Se= on tag axle air manifolds. This valve is not
/ interchangeable with other hi-flow valves. Be careful not
to confuse this valve with the AP1940 valve. There is
no visible difference between the two valves.

This is a normally closed valve and is activated by
switching + voltage. This is a high flow valve and is used
on active air system manifolds. This valve should not be
interchanged with other hi-flow valves.

AP31930 3-WAY AIR VALVE
This valve will flow air through the top port when not
activated. When activated, the top port is closed and the

=0 manifold port is open. This valve is activated by
switching + voltage. This valve is used on tag axle air
manifolds for the tag lift and also is used on the air seal
manifolds.

= Figure 45
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AP4480 AIR VALVE This is a normally closed valve and is
activated by switching + voltage. This
is the basic valve and is used in several AP5868 AIR VALVE
different valve arrangements. This valve
is not mounted on a manifold. It is used
on older air leveling systems, on some
air compressors and is used as a
suspension air dump valve for

hydraulic leveling systems.

AP19508 AIR VALVE

This is a normally open valve and is This is a normally closed valve and is
activated by switching + voltage. This is activated by switching + voltage.
the basic valve and is used in several This valve is used on air compressors.

—~ | different valve arrangements. This valve
z O . .
=\’ | is used on air compressors.

Figure 46

2-11.2 Hydraulic solenoid valvesHydraulic solenoid valves direct the flow of fluid our leveling systems,
room extension systems and other slide mechaniBnese are presently two basic hydraulic solenoldesa
They are simply referred to as the “large” and “Binvalves. The main difference between the twoveslis
the flow rate. The large valve has a bigger safiterthan the small valvd.arge and small valves should
never be interchanged. The flow of fluid would beltanged which can affect the operation of the system
Both the large and small valves are equipped withiach valve release nut for manually openingviilee

in the case of an electrical failure. When usedhait auxiliary hand pump system, the small valve is
equipped with a valve release lever to manuallyndpe valve.

Both valves draw about the same amount of curtkeatlarge valve using slightly more. Also, duehte t
design of the valves, the large valve can remaifooa longer period of time without causing damegthe
coil of the valve. Both the large and small valaes available with either 12 volt or 24 volt coils.

Except for one valve, the AP3572, all solenoid galare operated by switching + voltage. This vaanly
used with the 400 series paddle switch automatelileg systems. This system was produced from 198
about 1992. The AP3572 valve is operated by switghi ground. This valve has a transistor attachehlet
body of the valve. One of the valve wires is +1&s/dl' he other wire is the signal or control wifdis wire
controls the transistor on the valve. When a grasigdal is supplied to the transistor, the transistipplies a
ground for the coil of the valve. Ground for théweacoil is supplied through the body of the valVais
requires a good ground for the manifold. If the ifad mounting becomes loose or corroded, thiscamse a
weak ground which will result in damaging the vatkensistor. This would cause the valve to not fiamcat
all or to remain on constantly whenever +12 vdtsupplied to the valve.

Until 2003, the large valves had a back emf diadtailed in the valve. Because the necessary pimeor
the valves is now in the control box, the diode vamoved. The small valves never had the back évdied
Because this diode is still necessary in olderesgst all replacement large valves have the diode.

Except for the AP3572 valve and a singe wire, lieped valve with a groove, the AP5506, the RAP(§42
the replacement valve for all large valves. Songeelarge valves only had one wire and were intBrna
grounded. An adaptor is available to upgrade tontwe valve.
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In production at HWH, some small valves have affificreen around the seat and some do not. All
replacement small valves will have the screers & good idea to make sure the screen or the bahéeeps
the screen in place does not remain in the manfiblein the existing valve is removed.

The following are the different hydraulic solene@ves:

AP3572 AP5564
This valve is on used on the This valve is on used on the
400 series automatic leveling 510 series leveling system.
system. This valve must be This valve can be replaced
replaced with a like valve. with the RAP0642 valve
This valve has no manual and an adapter. This valve
release. has no manual release.
AP5506 AP0642 This valve was originally a
Single wire valve. This
valve has a T-handle for
This is the stabilize valve for manual valve release. The
510 series leveling systems. single wire valve can be
This valve must be replaced replaced with the RAP0642
with a like valve. This valve and an adapter. This valve
has no manual release. was used on 310, 325, 610
and 625 along with early
E § room extension systems.

AP39015
M

This is the present day large
valve. The AP39015isa 12

AP24604

This is the small valve with
a screen. The AP24604 is a
12 volt valve. lItis replaced

with the RAP90729. The
AP36233 is the 24 volt
valve and is replaced with
the RAP91882 valve. These
valves have a ¥ inch valve
release nut for manually
opening the valve in the
case of an electrical failure.
This valve is used in 325
and 625 leveling systems
and all room extension
systems.

volt valve with the diode. This
valve is used in the RAP0642
replacement valve. The 24 volt
replaced with the RAP91883
valve. This valve has a ¥ inch
valve release nut for manually
opening the valve in the case of
an electrical failure.

Figure 47
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AP42632 This is the small valve with the valve Back EMF Diode Arrangement

release lever. This valve does not have for Large Solenoid Valves
a screen. Itis only used with systems

that have the auxiliary hand pump. At f IZE

this time, it is only available with a 12 +12 ‘

volt coil. This valve is replaced with the ‘ m

RAP92314 valve. the valve release lever
must be loose when the valve is closed. ‘
If the lever seems tight, the valve may ‘

not close properly when activated ‘
electrically. L —

Figure 48 SOLENOID VALVES

2-11.3 Solenoid valve diagnosticall solenoid valves used by HWH, air and hydraudice tested the same
way for electrical problems. The only exceptiothis AP3572 hydraulic valve with the transistor. Wi
discuss that valve a little later in this sectibhe two main questions that need to be answereddef
diagnosing the issue are: What is the operatintagelof the valve? Is the valve a normally closed o
normally open valve?

To diagnose a valve that seems to be energizéiadeafime you simply unplug the valve. If a normatlgsed
valve remains open allowing fluid or air to flomgtvalve is bad. If a normally open valve will mdiow fluid
or air to flow, the valve is bad. If when unpluggée valve returns to its normally off positionetproblem is
the controls.

When diagnosing a valve that will not energizerehere several things that can be done. The recoxhede
way to diagnose this type of problem with HWH syssds to check the voltage for the valve. When mgki
this test, the valve must be plugged in and tuoredrhe leads for the voltmeter must be connectele
power and ground supply for the valve where theesalugs into the harness. If testing a single wake,
the ground lead of the meter should be held tdtdy of the valveDo not poke holes in the wires or try to
slide the test lead by the connector seal. The watiiyht integrity of the wire or connector will be
damaged.Use some short test leads to connect the valueetbdrness or a testing adaptor is available from
HWH for 2-pin Packard Connectors.
8.5v
+12 / “'
VOLTS +VOLTAGE
Figure 49

volt valves) If testing hydraulic solenoid valves)ves with either a 12 volt or 24 volt coil showdergize
with a minimum of 8.5 volts at the valve. If youMeathe minimum voltage required, and a valve woll n
energize, the valve is bad. It is not necessachéxk the resistance of the coil.

GROUND
— + X
If testing air solenoid valves, the valves shouldrgize if there is a minimum of 8.0 volts at tladve. (12

Two wire valves can also be tested with a simplginaity tester. There should be continuity, vetyd
resistance, between the two wires of the valverdbkould be no continuity, an open circuit, betweher
valve wire and the body of the valve. If the vapasses these tests, the valve should still bedtesiag the
voltage method. The continuity tests will only thu if the valve is bad, not if the valve will wor
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Diagnosing the AP3572 hydraulic solenoid valve witthe transistor. This valve is only used for the 400
series leveling systems. The control panel for sgggem was equipped with four paddle switchesrfanual
control of the valves. Treat the valve like a sengiire valve. While pushing the appropriate padaéch to
“RETRACT”, check the voltage between the + 12 wide of the valve and the body of the valve. If¢his a
minimum of 8.5 volts, the valve should operatet tfoes not, the valve is bad. If the valve wilk ctose,
unplug the valve. If the valve does not close Malee is bad. If the valve does close, remove tiered wire
(not the red wire) from the harness plug. Plug#hlge back in. If the valve opens, the transistdsad and
the valve should be replaced. If the valve doesopen, the problem is in the controls. A quick d¢héat you
can make to see if the transistor is bad is to lsinguch the valve. If the valve is scalding hbg walve is
bad. This test will only work if the control parteds been turned on for a few minutes.

2-12 PUMP MOTORS.The pump motor is the electrical component thaate®the flow of fluid in the
hydraulic systems. The motor is attached to thesgglathe pump. When the motor turns, the geatbef
pump turn. This creates hydraulic flowhe basic parts of the motor are the armaturecamimutator, the
poles and field windings, and the brushes. | des&int to get into a too detailed explanation of reomotor
works, so here is the condensed version. Whenmug@pplied to the armature and the field windirity
creates two opposing magnetic fields. Like fieleigal and unlike fields attract. This is what matkesmotor
turn. As the armature revolves, the current flomtiyh the armature is reversed every half turn betwthe
brushes and the commutator. This is what keepsititer turning.As | said, this is a very condensed
explanation of how a motor works. There are margdgwooks that will give detailed discussions about
magnetism and motors if you are inclined to gaat #mowledge. Be prepared for some in-depth thought

What we will focus on is the fact that what is neg@do make the pump motor function is + voltage and
ground. Again, without getting into great detagyé are some basic things to remember about the pum
motors:

1. When first turned on, there will be a large sirwf current to start the motor turning. This cesate a
momentary voltage drop on the pump motor circuit.

2. The current draw of the motor will increasetss|bad on the motor increasés. the hydraulic pressure in
the system increases, resistance to the pump geansg increases. This increases the load onuhgpp
motor.

3. The minimum current draw of the pump motors umieload is approximately 70 amps. The currentvdra
for a motor under full load depends on which mab@ pump uses. The 3.0” and the 3.7” motors wdhWwda
maximum of approximately 150 amps. The larger #&tors will draw up to 200 amps. When fusing the
pump motor supply, HWH recommends a 200 amp fus#rcuit breaker. Some manufacturers use a 150 amp
protection device but this may not be adequatéietarger motors.

4. Like fusing, cable size to supply voltage to tietor is very importantHWH recommends a No. 2 size
cable for voltage supply no matter how short tHaecaun is. Up to 10 foot, No. 2 cable should becadhte.
Over 10 foot, a larger cable may be necessary. Rdx@e a 4.5” motor may draw up to 200 amps.

5. Grounding of the pump motor is as importanta@svioltage supply cabl&xcept for one Fenner-Stone
pump motor used in the early 1990s and the smally@e pumps, all other pump motors used by HWH are
internally grounded. The motor relies on the maumnbf the pump for a ground. If the mounting sueféar

the pump will not supply an adequate ground, arsé@ground cable must be applied to the pump. It i
important to remember that the ground for the pumast be at least equal to the size of the cabtestiplies
+ voltage to the motor. Oildyne pumps and othes@néday pumps are supplied with a ground stud for
centrally grounding the system. This stud can leelis attach a grounding cable to.
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6. The motor armature is like a coil. As the amarfrturrent flowing through the armature increased the
length of time the current is flowing increase® tbmperature of the armature increases. Excephdor
Oildyne pumps, HWH pump motors have no thermalgotodn built in. The rule of thumb is the pump nrsto
should not run continuously under full load for maénan three minutes without a cooling period.

Although pump motors can be replaced, HWH doesawe replacement motors for all different pump
models. Contact HWH for pump motor replacementrmfation. Some pumps have a coupler that joins the
motor to the pump. This coupler is not suppliedwtite new motor, make sure to retain the existogpter
when removing the old motor. Be careful to nothet armature come out of the new motor housing.
Reinstalling the armature can be difficult.

HWH uses a reversible pump manufactured by Oildyhés pump has three leads coming from the motor.
One lead is a ground. The other two leads two Idatirmine the direction the motor spins. Poweomms
lead will turn the motor clockwise. Power on thhestlead will turn the motor counter-clockwise.

2-12.1 Pump motor diagnosticsPump motor diagnostics consists of checking theagel at the motor and
sometimes, checking the current draw of the moithr aclamp-on meter. Either test has to be donle the
pump relay on, trying to run the pump. | like teysmper wires to turn the necessary relays ont wag the
tests are done without opening valves. This allthestests to be done with the pump motor undel éofad.

Voltage test.This test must be done while trying to run theeano€heck the voltage by putting the + meter
lead on the motor + voltage stud. Use the pumpihgudser the ground lead. If you have a 8.0 voltsrare,
the pump motor should be running. 8 volts is noy\good voltage and it should be determined why the
voltage is that low but the pump motor should stift. It you have less than 8.0 volts, locate adggrmund
that is adequate for the motor and recheck. Resistan the pump mounting could be the issue. Alsxrk
the voltage at the pump relay. Make sure the prold&low voltage is not a connection at the motor.

625 SERIES PUMP/MANIFOLD/CONTROL BOX ASSEMBLY
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Figure 50

Amperage test. This test must be done with the motor running. €the clamp on the short cable going to
the pump motor if possible. If that cable is natessible, get the clamp as close to the relayb®neiay
motors should not draw more that 160 amps. The drawld be closer to 150 amps. The 4.5” motor suppl
battery cable as possible. This test should be dathethe pump under a full load. The 3.0” and the
3.7"should not draw more than 200 amps.

Another problem that may occur is a noisy motothé bushings of the motor become corroded, thisceae
a grinding noise in the motor. The motor shoulddmaced. This can be more common with systemsstrat
not used regularly. None of the motors are seateldnater resistant. Moisture can build up in théano
causing oxidation between the shaft and bushinfyelimotor is not run occasionally, this can turtoi
corrosion, causing a noisy motor. The motors hamedoles but this does not totally eliminate nheisture
problem. It is a good idea to run the system onaewhile.
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2-13 LEVEL SENSING UNITS.HWH has had two basic sensing units over the y@#s.original sensing
unit was a disk about 4” in diameter. It incorpedhiin arrangement of mercury switches attacheglate.
The present day sensing unit is an electronic IseesorThe original mercury style sensing unit is not
available anymore but can easily be replaced wilik electronic sensing uniBoth the original and present
day sensing units were/are available in differ@mifigurations. It is important to get the correghsing unit
when replacing one.

BI-AXIS SENSING UNIT NON BI-AXIS SENSING UNIT
(MERCURY STYLE) (MERCURY STYLE)

RN e PG MOUNTING P P
T § SURFACE : § ‘ §
- L2 j Figure 51 = —

The mercury sensing unit was produced in many garditions. The original ones had four wires with a
ground strap attached to the housing of the sensiiitgMore recent sensing units had five wiresg ohthe
wires being the ground wire for the sensing ung.shown above, all sensing units had a stickesait“This
side up” and had an arrow marked “Rear”. It way/ \weportant that the sensing unit was mounted pitgpe
There were different sensing units for the old 46fles paddle switch systems. These sensing atta h
shielding wire incorporated into the cable. Themrevalso many different cable lengths in each stiyle
sensing unit. The cable for the sensing unit ardsé#nsing unit head were assembled as one pieceesiad
always replaced as one piece.

POTTED SENSING UNIT NON-POTTED SENSING UNIT
(ELECTRONIC STYLE) (ELECTRONIC STYLE)

MOUNTING SURFACE SENSING

UNIT
i@ é% MOUNTING
I I [*— PLATE

o e ®
o=
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Figure 52

The electronic sensing unit, like the mercury segsinit is produce in different configurations,tjnst as
many. Thenon-potted electronic sensing units used in most touch panel controlled levelingtems. The
sensing unit is located in the control box. Althbulgis eliminates the mounting of a remote sensimy it
does require that the control box or the power cmoittrol assembly be mounted securely to the vehicl
Bracing needs to be used when necessary to elienilatations or shaking of the power unit or cohbrax. It
is also necessary that the equipment housing tierggunit is mounted as parallel or perpendictddhe
frame of the vehicle as possible. The sensingtheit needs to be programmed to determine the &fahe
vehicle and the type of suspension, air or spfTing non-potted sensing unit can be programmed atildwWw
is available as a programmable sensing unit thrabeaeasily programmed in the field. The programmab
sensing unit is mainly used for aftermarket instadhs and repairs.
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Thepotted electronic sensing uniis an electronic sensing unit encased in a plastising and sealed with
epoxy. The potted sensing unit is mounted remdtein the control box, light plate or valve. Likeeth
original sensing units, the potted sensing umbaked with mounting instructions, “This Side Upidean
arrow marked “Front”. The sensing unit must be ntedrper these instructions to function propedkease
note the original sensing units had the arrow pointg “Rear” and the new potted sensing units have i
arrow pointing “Front”. _ The potted sensing units have only a short cabpmef the assembly. The cable
that connects the sensing unit to the controlssisparate piece of equipment. The length of theegan vary
along with the type of connector needed to atthetcable to the controls. Because the potted sgnsiis
always mounted in one direction, it does not havieet programmed for direction. It does however rtedzk
programmed for suspension type and leveling foreidtier bi-axis or non- bi-axis leveling. The pdite
sensing unit is not programmable in the field and important to get the proper sensing unit far type of
suspension and leveling system the sensing ungad with.

All leveling systems (at this time) that incorp@at level sensing unit have yellow level indicditgints on the
control panel. These lights are controlled by thesl sensing unit. Although the mercury style drel t
electronic sensing units are worlds apart in tesign, they both do the same thing the same wagy T
control the yellow level indicator lights for aystems. For computerized systems, they give thegssor the
information needed to level the vehicle. The way ith accomplished is by completing a ground ctrounithe
four level sensor pins. Non bi-axis systems haleveal light for each corner of the vehicle, leforft, right
front, right rear and left rear. Bi-axis systemsgéda level light for each end or side of the vehiélont, rear,
left side or right side. There is an electrical pamnection for each light. When the vehicle is lmwa side,
end or corner, the sensing unit completes a groundit on the appropriate pin. The only practiddierence
between the two types of sensing units is the @it sensing unit is a six wire component andnii@ecury
sensing unit is a four or five wire sensing unheTsixth wire for the electronic sensing unit is @oltage wire
for the electronic equipment on the sensing unit.

2-13.1 Level sensing unit adjustmenfll sensing units have to be adjusted after ingtah or if the
sensing unit is removed and replaced. Electromisisg units installed in control boxes will havebi®
programmed before adjustmeAithough the mercury sensing unit is no longerilabe, it is possible that
you may run into one that needs adjustment.

The most important thing to understand about sensig units is the accuracy tolerance of the sensing
unit. All HWH sensing units have an accuracy toleramee to the nature of leveling a vehicle, a sensing
unit with a tolerance of 0 degrees will not funatioroperly. Because of the movement of the vehibke Jevel
indicator lights will bounce back and forth as ttahicle approaches a level positidde have discovered
over the years a tolerance of %2 to % of a degrteeibest tolerance to obtain a reasonable leveliethe
vehicle. On our adjustment sheets we change detpéeshes for our stated tolerance. We use thenplaof
a 36 foot vehicle. When you do the math, the toleedfigures out to be 5.4 inches front to rear himth side
to side. We use the same tolerance for the meamnulyelectronic sensing unifhis means if the vehicle is
leveling within the tolerance of the sensing un@O NOT adjust the sensing uniMake sure the owner of
the vehicle understands the level sensor tolerdfarea quick reference we tell people to use a round
refrigerator bubble level. If ¥ the bubble is i thulls eye, the vehicle is level within the toleza of the
sensing unit.

Only the levelness of the vehicle can be adjusked.tolerance is set and cannot be adjuftedause a
vehicle with an air suspension has less “bouncaleniveling, electronic sensing units for vehickeish an
air suspension has a slightly tighter tolerance tha standard sensing unit for vehicles with gprin
suspensions. The air suspension sensing unit shotiloe used on vehicles with spring suspensions. T
leveling system performance may be diminished.
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Before adjusting a sensing unit, it must be deteeshiwhat level is. Level is level when looking déeeling
instrument. BUT, this is not true when looking atednicle, especially a motor home. If the countgitolevel,
the floor of the vehicle may not be. If the floerievel, the refrigerator door may swing one watherother.
If possible, the owner of the vehicle should bestdied before adjusting the sensing ufter determining
what should be level and the vehicle is leveleth#d object, it is a good idea to check severatiofitaces on
the vehicle to make sure nothing will be to famfireevel compared to the main leveling point. laiso
important to pay attention where the main levepogt is. If that point is in a room extension, them
should be extended with the main point level be&algisting the level sensing unit. Level with tbem in
may not be level with the room out, and normally tbom will be out when the vehicle is leveled andse.
Finally, make sure the vehicle owner/operator knausre you have checked for the levelness of thicle
As | said before, not everything in a vehicle maydwvel to each other. It is important that levehis
checked from the same place every tihigit movement in the vehicle when adjusting anynséng unit.

Adjusting a mercury switch sensing unit is fairljnple and will be explained in one of the followisheets.
The electronic sensing unit is a little more comgied to adjust properly. Pay attention to the dkeq”
instructions when adjusting an electronic sensmig it is also important to get the vehicle out@fel and
level the vehicle with the leveling system accogdio the yellow level indicators after adjusting gensing
unit. This is when the “tweaking” may take platée following are the adjustment and tolerance tshee
the various styles of sensing units:

MI19543 Non-electronic sensing unit tolerances & adjustnferercury style sensing units)
MI154550 Electronic sensing unit tolerances & adjustmemttacd box mounted
MI1154570 Remote mounted “potted” electronic sensing unéremces & adjustment

2-13.2 Sensing unit programmingThe electronic level sensing units that are insthih the control boxes
have to be programmed to recognize the front of/éecle and the type of suspension, spring orSgnsing
units set up for specific applications are prograadrat the time of manufacture. This is done withubke of
resistors placed where the programming pins woaldrba programmable sensing u@ibntrol boxes with a
pre-programmed sensing unit must be installed in @pecific direction. The program chip on the sensing
unit board will have a sticker that says “THIS SIDEP” and an arrow pointing to “FRONT”. We also nefe
the “direction” of the vehicle. No mater what thetual direction the vehicle is pointing, we alwagger to the

front of the vehicle as “North”. The rear of thehige is “South”.The passenger side of the vehicle is “East”.
The driver side of the vehicle is “West".
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PROGRAMMING INS

Figure 54
There are four jumpers on the programmable leved@eboard which are labeled JP1, JP2, JP3 andIPR4.
and JP2 are used for programming direction. JPIBAdare used to program suspension type.
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The instruction brochure for programming of thec&ienic sensing unit is ML312153he brochure is printed
on one sheet, front and back, and contains infoamatbout jumper placement for sensing unit dicgcnd
for selection of suspension type. Suspension seteis on the second page of the brochure. Theuctsbn
sheet has four different views of the sensing unielationship with where the front of the vehidePick the
correct orientation of the sensing unit with thenfrof the vehicle. Move the appropriate jumpersoading to
the sheetMake sure the jumpers that are needed are connegtime correct jumper pindf power to the
control box is not off and the sensing unit remailgged in while programming the sensing unit, ribes
program will not override the existing program upbwer is removed from the control box. The progra
chip has to “reboot” like a regular computer toeggtidhe new program.
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Figure 54

Hint: To use the sheet properly, lay the sheet onféat surface and rotate the sheet to determine the
orientation of the sensing unit to the front of thevehicle.

Another hint: Program the sensing unit before instéling the power unit or control box in the vehicle.
Depending on the mounting location of the control bx, the rubber gasket that attaches the clear plaist
cover to the box can be difficult to install propely. It is critical that the cover and gasket are irstalled
properly to keep water out of the box.

2-13.3 Sensing unit diagnosticg.his is the easiest part of our sensing unit disicn. The only difference
between diagnosing a mercury style and an electsigie sensing unit is the + voltage supply woethe
electronic sensing units. The potted electronissgnunit may be a little more difficult to diagmodut only
because of the connectors used. We are developesj plug for the potted sensing unit and it magnebe
available as you read this.

Testing for any style level sensing unit can beedmith a test light. In fact, testing sensing uomitblems is
easier with a test light than a meter. Presentsgaiems will either have a five pin connector faroury
sensing units or a six pin connector for electra@nsing units. | usually start my diagnosticdatdontrol
box or the control panel, where ever the sensinipatitaches tof-or five pin mercury sensing units there are
five questions:

Is there a ground on the ground supply pin?

When you ground the pin for the front level tigthoes that light and only that light come on?
When you ground the pin for the rear level ljgides that light and only that light come on?
When you ground the pin for the left side Idigdt, does that light and only that light come on?
When you ground the pin for the right side ldight, does that light and only that light come?on

arwnE

If the answer to all five questions is “yes”, thelplem is the sensing unit.
If the answer to any of the five questions is “ritigre is a problem with the control box or panel.
When making these tests, after checking the greupgly pin, use that pin to test the other fouspin
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When testing electronic sensing units of eithelestyere are six questions to answer. Five ofjthestions
are the same as with the mercury sensing unit.

Is there a ground on the ground supply pin?

Is there + voltage on the + voltage supply pin?

When you ground the pin for the front level tigthoes that light and only that light come on?
When you ground the pin for the rear level ljgidges that light and only that light come on?
When you ground the pin for the left side Idigit, does that light and only that light come on?
When you ground the pin for the right side ldigdt, does that light and only that light come?on

oA WNE

If the answer to all six questions is “yes”, thelgem is the sensing unit.

If the answer to any of the six questions is “rtb& problem is the control box or panel.

Check the ground pin against the + voltage pin wheaking the tests. If your light does not comeyany
know there is a problem with the control box or gdaif those two pins are ok, use the ground pitesd the
other four pins for the level sensing lights.

Hint: If testing an electronic sensing unit that ismounted in a control box and you have no diagrams
handy, the sensing unit board is labeled with the ine function where the wire attaches to the boardLS
is the yellow wire (left side). F is the black wirdfront). RS is the green wire (right side). R is oe of the
red wires (rear). GND is the white wire (ground) aml +12V is the last red wire (+ voltage). You can
follow the wires to the connector to determine whic pin is which.

There are several other issues that may arises@itbing units that there is really no test fomiwst of these
cases, you have to make a judgment call. If a sgnsiit does not want to adjust, it seems likestresing
unit is too sensitive, you may have to replacestresing unit. If the complaint is the sensing wilit not stay
in adjustment, the problem is more than likely th@unting of the sensing unit or power unit. Thesssgm unit
must be mounted to a solid surface that will nex thr move. Sometimes, a power unit may need alicac
limit movement and vibration. Think about where ffamsing unit is mounted. Is it in a compartment/ibé
the sensing unit is bumped when the compartmdoaded or unloaded. Just make sure the sensingsunit
mounted solidly and protected from being bumped.

2-14 ELECTRICAL CONNECTORS AND WIRE TERMINALS. This section is one of the more
important sections of. ELECTRICAL COMPONENTS. The reason | say this is that very often connectors
are overlooked as the possible weak point of aiitird he purpose of a connector or terminal is to pass
current from one set of wires to another or to gassent from a wire to a component terminal.

The way to view a connection is not to see one eoton point but to see each connection point dsiptel
connections. When two wires are jointed througbranector there is not one connection but instésatetare
three. When a wire is attached to a component aschrelay, there is not one connection but therénao
connections at that point. The following examplé show you what | mean.

1 CONNECTION POINT - 3 CONNECTIONS 1 CONNECTION POINT - 2 CONNECTIONS

WIRE CONNECTION TO WIRE CONNECTION WIRE TERMINAL CONNECTION

PIN CONTACT — TO PIN CONTACT TO PUMP RELAY TERMINAL

SOCKET ﬁéﬁ@j
- =

F L ; WIRE CONNECTION

PIN CONTACT TO WIRE TERMINAL ——
CONNECTION TO PUMP RELAY
PIN CONTACT SOCKET Figure 55
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There are several reasons a connector can be apeedkn a circuit. There may be corrosion or satteer
type of contaminant on the pins of a connector.nBwater tight connectors can be susceptible toptttblem.
The pins may not fit tight together, causing a é&osnnection; more resistance in the circuit. Aewiray not
be properly crimped into the pin, again causingasé connection. A pin may not be properly inseirtiéal the
connector. When the mating connectors are pustygdher, the improperly inserted pin may push back
causing a weak or loose connection. Often, whepnaector or connection is not considered when
diagnosing issues, a complete harness or companeylaced. Although the problem is fixed, theuatt
problem was not addressed. It is even possiblerhi@em may return if the connector that was tkaeass
not the one that is replaced. The reason the prolder seems to be fixed is that when the new ectan is
assembled to the existing connector, good enougtacbis made so the problem seems to be gonbador t
time being. Or if the problem was with the connetat is replaced, the repair ends up being mxperesive
than it should be. That is a disservice to theaust or the company that may be paying warranty\ngotor
issues can usually be fixed by taking care of oire wr pin connection if the connector housingas n
damaged. It also may kick a warranty claim badkéf part tests good when returned under warranty.

2-14.1 Common types of connectors and terminalsed by HWH. In this section we will discuss the
different connectors and terminals we use along thi¢ insertion and removal of connector pins ded t
assembly of the wire to a connector pin or termimals will include discussing the proper tools and
techniques used to accomplish this

The type of connector or terminal used is normdéitermined by the application. Maybe moisture onso
other type of contamination is an issue. The nuroberires that need to be in one connector mayt line
type of connector available. We use single wirenemtors and multiple wire connectors including @anab
Deutsch connector capable of joining up to 31 wisrent carrying capabilities may be the detenngin
factor. Some connectors are limited to a maximune wize which limits the current capability of that
connectorlt is important when making repairs that correct connector, pin and wire size are maintained.
It is also important to use the proper equipment ad assembly procedures when repairing or working
with connectors.

There are some important things to understancdatteatommon to most connectors:
1. Connectors have mating halves, usually a maldemale connector half. Each of these halves hause
contact. These contacts are referred to as the pirale the female socket, also referred to ageve. For the
remainder of this section we will refer to thesdhaspin or socket. Normally the pin will be housedhe
female half of the connector. The socket will beigexd in the male half of the connec®e. careful, this is
not a 100% rule.

ROUND DEUTSCH CONNECTOR

PIN CONTACTS

Ny

FEMALE
MATING
HALF

—= SOCKET CONTACTS

MALE
MATING
HALF

2. The mating halves will have a locking mechansrtatch to keep the connector from accidently aani
apart while in usdt is important to make sure the locking mechanshmatched when connecting the two
mating halves. This insures a good quality, sotidreection of the contacts and when applicable,resa
moisture tight seal. It is equally important to enstand the locking mechanism and not force theector
apart without unlatching the lock when separatihg tonnectors. Forcing the halves apart would pldpa
ruin at least one half of the connector. See ggurn the next page.

Figure 56
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PACKARD WEATHER TIGHT CONNECTOR

LOCKING CLIP

= —

—

Figure 57

3. Mating halves will usually have some type of imgguide or pin arrangement that will not allove tfvo
halves to be connected impropeilyis important to note that some connectors caplogged in backwards
or upside down if forced. Also, where there aretiplel connectors of the same type present, itiisetones
not possible to use a special pin arrangement anestype of keying pin. It is always best to marknectors
before removing them or check wiring diagrams farect wire and connector arrangements.

UML CONNECTOR (UNIVERSAL MATE-N-LOCK)

o l:l =
NON-ROUNDED L1CIE] ey
CONNECTORTOWER | [(1)] |« =] L 0
AND RECEPTICALS — 1 L0,
ARE THE MATING H;'g ;} =

CUIDE Figure 58

4. Most connectors have pins and sockets that eaarbove and replaced if necessary. This is trueasit of
our connectors. The only connector we use that doebave replaceable pins and sockets is onesd¥itrA
connectors we use. We use two styles of MTA commeaine has replaceable pins/sockets and the ddlesr
not. Some of the connectors we use need a speciabiopinf removal. It is important to use the corréao!
to eliminate damage to the pin or socket. Thereadse special tools for crimping the wires to tlumtacts.
Sometimes the special tool is the only tool th#itdei a proper crimp.

PACKARD CONNECTOR CRIMPING TOOL PACKARD PIN/SOCKET REMOVAL TOOL

— 11—

Figure 59

5. The contact pins and sockets will have some ¢fpatching mechanism to make sure the contadtinei
push or pull out of the connectdi the contact is not seated properly into the caetor, the contact can be
pushed out when the mating halves are assembledubd be pulled out inadvertently if the wire idlpd on.
This can create an open or weak connection. Evasaythis very often will be an intermittent prablelt is
a good idea to pull gently on the wire after ingagtthe contact into the connector. This will instine wire is
crimped properly and that the contact is latchedhe connector.

DEUTSCH CONNECTOR UML CONNECTOR
SHOULDER —
— PIN LATCHES =l PIN LANCES
7
SHOULDER —— Figure 60
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6. Multiple pin connectors will have pin locationgmbered or labeled. Connectors may also haveadithg
tab. This tab indicates where pin 1 is. This lalgidentifies the wire location in the connectar dgsembly

or repair. This information is available on harndsswvings, system schematics and wiring diagranmepair
manuals or many operators’ manu#tiss important that correct wire location is maabed. Improper system
operation or damage to components can occur ifextrwire location is not maintained. Mark all wire
locations before removal. Refer to drawings whetessary, do not “guess” or work from memory.

PACKARD WEATHER
UML CONNECTORS TIGHT CONNECTORS DEUTSCH CONNECTORS
LOCATING
Nl —— TAB 12z 34
5joI0 == oevrscn
. m—nii D [{[ || pEUTSCH !_.EI
BIoIo — 0000
X8 L 9 S
6 5 4 .
A Figure 61

The following are different types of connectorsdubg HWH:

2-14.1.1 Deutsch connectord.he Deutsch connector is a water tight connedioe. connector has a seal
where the wires enter the connector and anothéfaethe two mating halves. We refer to the halasghe
plug and the receiver. The Deutsch connectors\aidalile in several different shapes with variousewgize
and contact capabilities. The Deutsch connectorgaseeat this time, all use the same pins or sockéeye is
a pin or socket for 12 guage wires, a pin or sofiket4 and 16 guage wires and a pin or socket8oand 20
guage wires. The pins and sockets have a latchiogider and the mating halves have latching fingefeold
the contacts in place. The mating halves of theneotor have keys and keyways of different sizethso
connector cannot be plugged in incorrectly. Theimgabalves also have a latching mechanism to Keep t
connector from coming apart. There is a key pinlalke so like connectors cannot be plugged irheo t
wrong mating half. There is also a cavity seal thast be installed in any wire seal holes thainateused so
the water tight integrity of the connector is mained.

Round Deutsch connectorThe round Deutsch connector has a capability ofiéds. The wire size can vary
from 20 guage to 14 guage wire. The mating halee® lkeys and keyways to assure proper connectioa. O
mating half has a locking ring to lock the matiragves together. The locking ring also pulls theremtor
together as it is turned. This Deutsch conneciquires a special tool for the removal of the waesl pins.
The numbering for wire placement with this conne@a little different. The center wire is numideand
subsequent numbers work out from the center wigedimcular pattern.

LOCKING

KEYWAY WIRE SEAL

REMOVAL TOOL

GUIDE KEY Figure 62

Wire and pin removal for the round Deutsch connectg accomplished with a special tool. This tool mus
be used so the connector housing is not damagediobhhas a slot for the wire to lay in. Then tibel is slid
along the wire through the wire seal until you fiw tool bottom out. This will spread the latchfimgyers so
the pin can be removeBe careful to not damage the wire seal when insanyy the removal tool. Gently
pull the wire and tool out togethddo not force it. If the wire will not come out easily, reinsert ttool and
try it again.
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Square, rectangular and triangular Deutsch connecsoThese Deutsch connectors come in various wire
number or size capacities and also in differendbrsolWe use 4, 6, 8 and 12 pin connectors. Theguiar
connector is a 3 wire connector. We also use tbeseectors in gray, green, black and brown. Thierint
color connectors have different keys and keywaythabone color cannot be plugged into a diffecaror. It

is important to know that the early brown and greenl2 pin connectors could be plugged in upside down
if pushed hard enough. The keying has been changéal these connectors to fix that problem. An older
male connector can be used with the new receiversifithe new male connector will not plug into an old
style receiver.Make sure all plugs are positioned properly befgreigging them in. Check wiring diagrams
if necessaryOne size connector is used for 14 to 20 guage Wirdarger connector is needed for 12 guage
wires. The contacts for these connectors are lookedhe connector with a latching finger for egqh. After
all wires are inserted into the connector, a wadgrished into the connector to keep the latchimgefs in
place. The mating halves also have a latching nrestmato keep the connectors from coming apart.4rhe
pin, 6 pin and triangular connectors have a sitagtegh. The 8 and 12 pin connectors have 2 latChesse
latches will be on opposing sides. Simply deprkeddtch (or latches) on the plug side and pull the
connectors apart. The connectors are labeledeowitle insertion end of the connector. The squack a
rectangular connectors are numbered. The triangolamector uses the letters A, B and C.

RECEIVER : PLUG —\

— -
=7 = [E;EI
|
WEDGE WEDGE T—SEAL HATER
Figure 63

Wire and pin removal for square, rectangular anddangular Deutsch connectordoes not necessarily need
a special tool although a removal tool is availaBlemall pocket screwdriver with a flat blade bbat 1/8
inch wide will work just fine for the plug half ¢fie connector. For the receiver side a small satigerdand a
small needle nose plier will work. First, the wedgest be removed. Use the screwdriver to pop thigee
out of the plug or use the pliers to pull the wedgeof the receiver. After the wedge is removess the

small screwdriver to hold the latching finger avieym the pin. While holding the latching finger,rgly pull
the wire out of the connector.

Eﬁ ;l:j%REMOVAL TOOL

LATCHING
FINGER

LATCHING
SHOULDER _
Figure 64

Wire and pin assembly for Deutsch connecto@imping of wires into the contacts for the Deutsch
connectors is the same for all Deutsch connecwed by HWH at this time. We use three differen¢siaf
pins and sockets. One size for 18 and 20 guage vare size for 14 and 16 guage wires and ond®iZe
guage wires. The pins and sockets for the 14 argla@e wires have a green stripe around the wire
receptacle. The size difference for the 12 guags @and sockets is obvious.

It requires a special tool to perform the wire grifor the Deutsch pins and sockets. The tool hasrak
adjustments that must be made before crimping @wio a contact. There is a wire size selectoraand
contact depth adjustment screw.

-39 -



The following is the proper procedure for crimpidgutsch connector contacts:

1. Strip % inch of insulation from the wire.

2. Lift and turn the wire size selector to the aypmprate wire size.

3. Select the correct pin or socket for the gudgei@ used.

4. Insert the contact into the crimping tool.

5. The end of the contact should be flush withdtsaping tool cover. If adjustment is needed, loodee lock
nut for the contact depth adjustment screw andttgrscrew until the contact is at the proper depighten
the lock nut.

6. Insert the wire into the contact and pull thenping tool handles together until they release.

7. Remove the wire and contact from the tool. Msike all wire strands are in the contact and gentlio
pull the wire from the contact to check the crimp.

ADJUSTING
SCREW LOCK

ADJUSTING
SCREW

CONTACT ) WIRE SIZE
SELECTOR

WIRE SIZE

SELECTOR Figure 65

Contact and connector assembly for Deutsch connegie fairly simple. The wire and contact assembst ju
pushes into the connector through the wire &xlkcareful to not damage the wire seal while insegtthe
wires into the connector. Refer to drawings to makare the wires are in the correct position in the
connector To install cavity seals or key pins, simply ptisé cavity seal or key pin through the wire seal in
the correct position. When all contacts, cavityysead key pins are installed, push the wedgeangiMake
sure all seals are in place and gently pull on thires to make sure they are locked in place by wexlge.

2-14.1.2 Packard Weather Pack Connector§Ve simply refer to these connectors as Packardemiars.
Packard connectors are water resistant and arkabheaivith different number of wire capacities and
different colors. We use single pin, 2 pin, 3 pid& pin connectors. The 4 pin connectors are abiailin a
flat or square pin arrangement. The 2, 3 and £pimectors are labeled with letters for wire plaeetnA, B,
C or D. Most of the connectors we use have bearkplat several years ago we started using grayrew!
Packard connectors for jack down warning switchiés.also use a 3 pin red connector on Hall Effect
switches. The different colored connectors are #esgethey cannot be plugged into each otA&r.do not use
key pins with the Packard connectors so it is imfzort to mark connection and refer to diagrams when
disconnecting and reassembling components with slaene colored connector®ackard connectors have a
latching mechanism to hold the mating halves togretfiou just lift the latch over the locking clipdpull the
connectors apart. The contacts have locking latcksep the contacts in the housing.

2 PIN PACKARD 2 PIN PACKARD
TOWER SHROUD
= SOCKET
 m ] | < PIN (SLEEVE)
> o [
LOCKING (M
—— f~— LATCH <~ CLIP ,
I
(el — = ]
Figure 66
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Wire and contact removal for Packard connectassaccomplished with a special tool. Connectoith wi
similar contacts use a like tool but the diamefehe contacts is slightly different. Using the wgptool may
not work and could cause damage to a contact asihguwWhen the tube of the tool is slid over thetaot,
the tube compresses the locking lances allowingdinéact and wire to be removed from the housimg. T
remove the wire and contact, first the wire cowetgctor must be opened. There is a small loclkairgoin
each side of the cover. The sides of the cover msifted over the tabs. Gently push and holdwire and
contact assembly into the housing. Slide the rettoeh over the contact until it bottoms out. Halek tool
tight against the housing and pull the wire assgrfrbin the housing.

LOCKING
e WIRE REMOVAL TOOL
N NE / PROTECTOR
CABLE LOCKING CABLE

WIRE COVER
PROTECTOR

SEAL 3 ;LANCE; g SEAL
Figure 67

Wire and contact assembly for Packard connectoas be done with a special crimping tool that igilable
or with a standard terminal applicator designedcfanping Packard contacts. The Packard contactsvaes
are assembled with two crimps. One crimp is forlthee wire connection the second crimp is for tire w
seal. The special tool does both crimps at the samee A standard terminal applicator requires mgkivo
separate crimps. The special tool is available ffdMH. There are different cable seals for differgiaes of
wire:

Green---18 to 20 guage wire

Gray----14 to 16 guage wire

Blue-----10 to 12 guage wire

The following are the steps for assembling the worthe Packard contact usingtandard terminal
applicator:

1. Select the proper size seal and slide the sdaltbe wire before stripping the insulation. Thedps prevent
the wire strands from being separated.

2. Strip Y4 inch of insulation from the wire.

3. Position the wire crimp barrel in the crimpiogltand close the handles just enough to hold dinéact in
place. Make sure the crimp wings are centered.

4. Insert the bare wire into the wire crimp baofthe contact and squeeze the handles togetheroRethe
contact from the crimp tool and gently try to pihké wire from the contact to check the crimp.

5. Reposition the contact in the crimp tool witlk geal crimp wings centered in the crimp tool. Msilkee the
small part of the wire seal is positioned in thal ®gimp wings and pull the handles together. Dotnoto
pull the seal from the crimp, just make a visuapiection to make sure the seal is crimped to théact

Using thespecial Packard crimp toolis the same basic procedure as above except taevoarand wire seal
need to be positioned at the same time becausedhmakes both crimps at once. When using theiapec
tool, pull the handles together until they releddes assures a proper crimp and releases theatonta

SEAL CRIMP WINGS ASSEMBLED SOCKET
WIRE SEAL BARE WIRE CRIMP RINGS WIRE AND WIRE SEAL
ME | — — e —
SOCKET
Figure 68
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STANDARD TERMINAL APPLICATOR SPECIAL PACKARD CRIMPING TOOL

Figure 69

Contact and connector assembly for Packard coneestThe wire and contact assembly just pushes into the
housing. The wire cover protector must be opemstail the wires. Hold the wire directly behind thige seal

and push the wire/contact assembly into the hou&iog will feel a light snap as the locking lan@aéch on

the housing. Push the cover protector closed tiitover snaps over the locking tabs. Give the wilight

tug to assure the wire assembly is securely inepl@beck that the wires are in the correct slotsrbe
reconnecting the plugs.

2-14.1.3 UML (Universal Mate-N-Lock) connectorsThese connectors are not weather tight and shumild
be used where water or moisture is a concern. Wenly one style of UML with several different wire
number capacities ranging from 2 pins to 15 pifee mating halves have an arrangement of D shapezido
and receivers. This assures the plugs will be octiedecorrectly. The mating halves also have a latch
mechanism to make sure the connectors will not capaet inadvertently. The contacts have lockingémto
keep the contacts from coming out of the connectbisimportant to note the UML contacts and the
Packard contacts are very similar in appearancee TWML contacts are slightly smaller. These contaces
not interchangeable. They use different crimpind semoval toolsThe pin contact is usually used with the
receiver half of the connector and the socket éslwgith the tower half. We do not use key pins but
sometimes when necessary, we reverse the placediat pins and sockets to assure that differentUM
connectors with the same number of wires are n@gad in together. The connectors are numberedeon t
wire insertion side for wire placement. There Is@ating tab to find location of pin 1. There isgecial
removal tool for the UML contacts. This tool shoblkel used to eliminate the chance of damaged centact
housings. There are two crimps for the UML contagtisare wire crimp and an insulation crimp. Tlas be
accomplished with a standard terminal applicatsigied to do these crimps. The two crimps are done
individually with the standard crimp tool. Thereaiso a special crimping tool available from HWHitth
performs both crimps at the same time. The spéemihlis fairly expensive but does a much nicertjodn the
standard crimp tool.

6 PIN UML 6 PIN UML
RECEIVER TOWER
LOCKING LOCKING
CLIP ——> L £ CLIP  LATCH —»H LATCH UML UML
ﬁ PIN SOCKET
(SLEEVE)
LOCKING
= LANCE \M\
OO
E® ®F BARE WIRE \
L
=1 = %
INSULATION /
Figure 70 CRIMP

Wire and contact removal for UML connector$he locking lances on the contacts must be comgdess
remove the wire and contact from the connector.r€hmval tool for the UML contacts is a plungeilety
tool. Slide the tube of the removal tool over tbatact until the tube bottoms out on the conne&ash on
the tool. This will pop the wire out of the connactf the wire does not pop out, try pushing theswarther
into the connector while sliding the removal toot@the contact. Then push on the tool. The wick@mntact
should push out of the connector.
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Figure 71

Wire and contact assembly for UML connectois standard style crimping tool is available from Hwb
make the UML wire and insulation crimps. This iseasonably priced tool. Terminal applicators fratmeo
sources to do the UML crimps are available also.HHY8n supply the special crimp tool that perforrathb
crimps at once but this is a very expensive todliamot really necessary to have. The AMP cringd tamm
HWH for the UML connectors is adequate and willthe only crimp tool discussed in this section. H\W#s
contacts that will accommodate 12, 14, 16 or 18&guaire. Contacts for smaller guage wires are akkel

The following steps are for making the two crimpspply the wire to the UML contacts:

1. Strip % inch of insulation from the wire.

2. Choose the appropriate wire crimp position @nttol. The crimp with the orange dot will do 12id¥
guage wire. The crimp with the green dot will dodlfél 18 guage wire.

3. Position the wire crimp barrel in the crimpingltand close the handles just enough to hold dinéact in
place. Make sure the crimp wings are centered.

4. Insert the bare wire into the wire crimp baokthe contact and squeeze the handles togetheroRrethe
contact from the crimp tool and gently try to pihké wire from the contact to check the crimp.

5. Reposition the contact in the crimp tool witlk thsulation crimp wings centered in the crimp neark
“INS”. Pull the handles of the tool together.

6. Remove the wire and contact assembly from tbleatiod visually inspect both crimps.

AMP UML CRIMPTOOL

SUPER CHAMP FT

5% i
O ot
— io §
io &

INSULATION CRIMP BARE WIRE BARE WIRE CRIMP AND
BEFORE CRIMPING _l FCRIMP DONE INSULATION CRIMP DONE

Figure 72

Contact and connector assembly for UML connectofsie wire and contact assembly just pushes into the
housing. Hold the wire directly behind the wireufaion crimp and push the wire/contact assembly tine
housing. You will feel a light snap as the locklagces catch on the housing. Give the wire a lightto
assure the wire assembly is securely in place. ICthet the wires are in the correct slots befooemaecting
the plugs.
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2-14.1.4 MTA (Mass Termination Assembly) connects. We use two types of MTA connectors; a self-
stripping connector and a crimp style connectoeskEhare not weather tight connectors and shoujdbenl
used where water or moisture is not a concern. Md®nectors can be plugged in backwards relativaty e
and although a keying pin can be used to assureotieector is plugged in properly, not all MTA cewxtors
will use a key pin. It is also easy to plug in ait Mconnector off one or more pins in either direntivhen a
key pin is not used. It is important to use comioacdiagrams and make a close visual inspectidhef
connection to prevent connection problems.

CRIMP STYLE MTA SELF STRIPING STYLE MTA
\ - \

Figure 73

MTA connectors are available as two mating haltles plug and the receiver but the MTA connectoesnat
normally used this way. The MTA plug is normallyedso attach a harness or a sensing unit to aatdigx

or control panel pin header that is soldiered pz ®doard. MTA connectors have a locking mechanskeep
the plug from coming loose. When the connectoichta to a pin header, the lock is a friction sksteh. If

the MTA plug is used with a receiver, there istalahat has to be pushed down to separate thenttimg
halves When separating the two mating halves or removingMTA connector from a pc board header, do

not pull on the wires.
MTA PC BOARD HEADER
CONTACT - PC
CRIMP STYLE MTA PIN x «— BOARD

| I —
N
oo |

Figure 74
Wire or contact removal from MTA connectors.

e

Self-stripping style MTA connectors.The self-stripping MTA connector has an insulatoger that snaps
over the wire insertion area. This cover must lpeoneed first. When the wire is pushed into the MTA
connector, it is pushed by two small latches tludd ithe wire into the connector. To remove the ywau
must pull the wire by these two latches. It is liegty to “roll” the wire out of the connector. ohot jerk the
wire from the connector, this may cause the corntabe pulled from the connector. If the originafenis to
be reinserted into the connector, approximatelyoB/@n inch of wire should be removed from the \fiirgt.
WIRE LATCHES

WIRE
INSULATING
COVER ——

WIRE —*

Figure 75




Crimp style MTA connectors. The contact for the crimp style MTA connector hdscking lance to latch
the contact into the connector housing. Use a si®&ll’ blade screwdriver to depress the lockingéatimen
gently pull the wire/contact assembly from the hogslf reinserting the original contact back inib@
housing, use the screwdriver to lift the lockingda slightly. This will help the lance to catchtbe housing

when reinserted. DEPRESS LOCKING LANCE
%
MTA CONTACT
[ T
E@ I T
———————
LOCKING LANCE 4/‘

Figure 76 LOCKING LANCE ACCESS —T

Wire and contact assembly for the crimp style MTAnmector.The MTA contact has two crimps; one for the
bare wire and an insulation crimp. The same AMRpriool that HWH supplies for UML connectors isdise
to crimp the wire to the MTA contact. The wire rarfgr these contacts is 18 to 24 guage.

The following steps are for making the two crimpapply the wire to the MTA contacts:

1. Strip 1/8 inch of insulation from the wire.

2. Choose the appropriate wire crimp position @nttiol. The crimp with the orange dot will do 12lan
14 guage wire. The crimp with the green dot willldband 18 guage wire.

3. Position the wire crimp barrel in the crimpiogitand close the handles just enough to hold the
contact in place. Make sure the crimp wings ardered.

4, Insert the bare wire into the wire crimp baokthe contact and squeeze the handles togetheroRe
the contact from the crimp tool and gently try tdl phe wire from the contact to check the crimp.

5. Reposition the contact in the crimp tool witk thsulation crimp wings centered in the crimp nealrk
“INS”. Pull the handles of the tool together.

6. Remove the wire and contact assembly from tbkatod visually inspect both crimps.

AMP UML CRIMPTOOL

INSULATION WIRE WIRE CRIMP
CRIMP CRIMP
INSULATION CRIMP
UNCRIMPED SOCKET Figure 77 CRIMPED ASSEMBLY

Wire/contact and connector assembly for MTA connerst.

Self-stripping style MTA connectors.The wire pushes into the connector at a 90 demngke and is held in
place with a retaining latch. When the wire is pgsin, a slot in the contact cuts through the wisailation
to connect with the wire strands. The end of thewhould be cut as straight as possible. Theatisul
should not be stripped from the wire.
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There are several hand tools available to perfbisjob. The MTA wire insertion T-handle is an ipexsive
tool that is used to insert the wires. The encheftbol has teeth that fit into the connector amthector
contacts. This tool will only insert one wire atirae. It is best to have a solid surface to restabnnector
against while pushing the wire into the connedtay a wire in the appropriate slot of the conneetiod use
the T-handle to push the wire into the connectashRRhe T-handle as far as it will go. The othet to
available is fairly expensive but is a good toohawe if it is necessary to insert a number of svirko MTA
connectors. This is a pistol grip tool that wilvatice the connector to the next slot each timéridpger is
pulled. After the connector is inserted into theltthe wire is inserted into a slot in the tootiuthe wire
bottoms out. Pulling the trigger will push the wingéo the connector to the proper depth and advéree
connector to the next slot. If a wire is not neentetthe next slot, simply pull the trigger to adearthe
connector. Check wiring diagrams to make sure tinesvare in the proper slots.

PISTOL GRIP T-HANDLE
WIRE INSERTION TOOL WIRE INSERTION TOOL

L

WIRE INSERTION SLOT

WIRE INSERTION TEETH

Figure 78

Crimp style MTA connectors. The wire and contact assembly simply pushes irgdthusing. It will only
push in one way. Push the assembly into the coonentil you feel the locking lance “click” into @te.
Gently pull on the wire assembly to make sure libcked in place. Check wiring diagrams to makeshe
wires are in the proper slots.

2-14.1.5 EJS connectors (Econoseal J series by AMPhis is a weather tight connector. It has two ngatin
halves, the plug and the receptacle. The plugh®pit contacts and the receptacle has the socktats.

We use a 6 pin and a 12 pin connector in this stytés style connector is only used on the maiméss
connection along with the level sensing unit cotinedo the 210/225 joystick valve. The mating leshare
keyed and cannot be plugged in backwards. The mhaives have a locking mechanism to keep the kalve
together. The latch must be depressed to sepamtadting halves. The pin and socket contactselceii

the housings with a spring type latch and wedge. ddnnectors are a two crimp connector. One cronghie
bare wire the second crimp is for the wire skas important to note there are no markings orhia to

indicate correct wire positions on the EJS conneoYou must use wiring diagrams and orientate the
wires in the connectors as shown in diagrams.

EJS RECEPTACLE EJS PLUG
= .
_
— LT WEDGE WEDGE
Mo Ll — I (]
WIRE  SOCKET PIN WIRE
SEAL Figure 79 SEAL
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Wire and contact removal from EJS connectoile contact removal from the EJS connectors can be
accomplished with an electronic screwdriver wit®%s0 blade. First, remove the wedge from the caionec
After the wedge is removed, use the screwdrivdifttthe spring latch while gently pulling the wisand
contact assembly from the housing. The latchesraal and can be hard to s€m not force the assembly
out. This could ruin the assembly and the housing.

TOP AND SIDE VIEW OF WIRE AND PIN ASSEMBLY
SPRING LATCH —

7 LIFT LATCH
— i E=—— S— ="
L LATCH CATCH =

Figure 80

Wire and contact assembly for EJS connectofsstandard style crimping tool is available from HWb
make the EJS wire and wire seal crimps. This is#me tool used for UML and MTA crimp style
connectors.

The following steps are for making the two crimpspply the wire to the EJS contacts:

1. Slide the wire seal onto the unstripped wirehiite small end of the seal towards the end oiihe

2. Strip 1/8 inch of insulation from the wire.

3. Choose the appropriate wire crimp position anttol. The crimp with the orange dot will do 12id
guage wire. The crimp with the green dot will doalfél 18 guage wire.

4. Position the wire crimp barrel in the crimpigkand close the handles just enough to hold dinéact in
place. Make sure the crimp wings are centered.

5. Insert the bare wire into the wire crimp baokthe contact and squeeze the handles togetheroRrethe
contact from the crimp tool and gently try to pihké wire from the contact to check the crimp.

6. Position the small end of the wire seal ontowvtire seal crimp wings.

7. Reposition the contact in the crimp tool witk thire seal crimp wings centered in the crimp mdrkBS”.
Pull the handles of the tool together.

8. Remove the wire and contact assembly from tbkaied visually inspect both crimps. Do not trypidl the

wire seal from the crimp. AMP UML CRIMPTOOL
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Figure 81

Contact and connector assembly for EJS connectdiise pin contact is used with the plug and the socke
contact is used with the receptacle. The contastaly be inserted into the housings one way. Ehewld
push in fairly easyDo not force the contact into the housin@vhen the contact is fully inserted into the
housing, you should hear a “click” as the contacirg latches snap into place. Make sure the vaes gid
not pull out of the crimp as the assembly was pdshi® the housing. Give the wire assembly a geidyto
insure the contact is latched in place. Instalivtleelge. You will here a “click” as the wedge snags place.
Remember, the housings have no markings so it ipamant to pay close attention to wiring diagranms t
make sure the wires are all in the proper position.
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2-14.1.6 Solderless crimp-on terminals and quickisconnects.There are many types of these terminals
available. The main terminals we use are ring teatsi spade terminals and quick disconnects. We
sometimes refer to the quick disconnects as fast-Another common crimp style terminal is the butt
connector. We do not usually recommend the useitbfconnectors. It is hard to inspect a butt cotoreo
make sure the wires are properly crimped into threnector. Also, butt connectors are not weatheofpaod
many times these connectors are used in harshoanvént areas. If butt connectors are used, thehioi
connection should be protected with a glue filledrsk tube. In the few instances we supply a haanath
butt connectors, we also provide the shrink tub®e Gnnector we do not approve of is the Scotclk itywe
connectorWhen two or more wires are spliced together, th@agved method is to solder and shrink tube
the splice.

Most crimp on terminals are available with insutiite noninsulated wire crimp areas. Quick discotinec
terminals are available fully insulated, both theaverimp area and the terminal connection areaiyMa
terminals including butt connectors are now avaddatith some type of shrink tube that protectswire
crimp from moisture and corrosion. When using thtesainals, it is important to contact the manufiaet to
obtain crimping and heating information for theeambly of the wire and terminal. Some of these taatsi
need to be assembled with a specific tool to elt@mdamage to the terminal during assenibig.important
to understand that insulated terminals are NOT whbat tight. The wire crimp must be protected from
corrosion if the connector is used in a harsh or inanvironment.When using a solderless terminal in a wet
environment, it is best to use a noninsulated tesihrand cover the wire crimp with a glue fillediskrtube.
Make sure the shrink tube covers the end of thecas well as any bare wire. If the end of the prisnnot
covered, the wire crimp will still corrode, ruinitige connection.

Noninsulated ring terminal %@ Insulated ring terminal
Noninsulated quick disconnects E@ %CE Noninsulated spade terminal %@

Insulated quick disconnects Hj:@ |..a Insulated spade terminal ME
Butt connector D:[j

Fully insulated quick disconnects

Figure 82

There are different terminals for different gaugéwire. Normally one size terminal will do 10-12ugge
wire, the next size is for 14-16 gauge wire andstimaller crimp-on terminals will do 18-22 gaugeewit is
important to get a terminal with the correct bafware crimp area) for the wire size that is udéds also
important to use a terminal with the correct sizéeaninal connection. Do not use a ring termirmald %
inch stud or bolt when a #10 bolt or stud is ugsanot try to drill ring terminals to a larger sizkhis will
weaken the terminal and lower the current capaditie terminal. It is acceptable to crimp morentioae
wire into a solderless terminal but only is therbbof the terminal is large enough to accept ntbam one
wire.

Shrink tubeis available in different sizes and with or witheome type of sealing glue. Make sure the correct

size of shrink tube is used when necessary. Tge larsize may not shrink down enough to protect the
connection. Too small a size may shrink too muahsgpiit. This also will not protect the connection.
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Crimping solderless terminalslo start, always use a good quality crimping tddle heavier the crimping
tool is the easier it is to obtain a good, solidhgr. If using a special terminal, check if the miauturer
requires a special crimping tool. For strippinguiliasion from the wire, use a wire stripper thatiésigned to
be able to strip specific wire gauges. Do not strgre insulation from the wire than is needed. Nalyn
about ¥4 inch is adequate. Do not use side cutteaknife to strip wire. This could nick some oétwire
strands causing them to eventually break. Thisdetrease the current carrying capability of thewviany
crimping tools have a hump on one half of the cramgd a half circle on the other half of the cririvjmst
solderless terminals have a closed barrel for tine @vimp. This barrel usually has a seam. Whemjging
the terminal, make sure the hump of the crimp ®placed opposite the barrel seam. This will kilvepseam
from spreading when the crimp is made.

HEAVY DUTY CRIMP TOOL BUTT CONNECTOR

TERMINAL
INSULATION R INSULATION

CRIMP

Figure 83 RING TERMINAL

3. ELECTRICAL TEST AND REPAIR EQUIPMENT.

The first four sections explained what electriggyand how it works, basic electrical circuits dnmv
different electrical components function along wbtsic diagnostics for those components. This@eetill
deal with the test and repair equipment neededtdhe first four sections to work. The two maieges of
test equipment we will discuss are the test ligitt #he volt meter or multi-meter.

3-1 TEST LIGHTS. There always seems to be a discussion about wtta [sest piece of equipment to use
when testing electrical equipment. Many instructdrave talked to and many books | have read refuse
even give the test light a passing mention absutatue. One instructor | knew made his studemtsathiheir
test lights away when they started the school.t&€kelight is a valuable piece of test equipmeris tertainly
true that a test light will not give you a voltagading, but it will give you a “go/no go” indicah. Testing a
relay is a good example. Our pump and master relsyfour post relays. The large posts are theactsnand
the small posts are for the coil. Do you have pawehe relay? Do you have power through the castaic
the relay? Do you have a ground for the coil? Do lyave power to the other side of the coil? These a
guestions that can be answered accurately withtdight. And in many cases because of the locaifadhe
equipment, it is easier to access the relays widstaight instead of trying to find a way to reheé meter
while holding the leads in place. It may be necgsgause a meter in cases when a voltage proldem i
suspected, but most of the equipment we use wdiaip at a low enough voltage that a test lightradly

will give you the information you need to make pai. A relay will turn on with 8.0 volts. If youave less
than 8.0 volts, your test light will be dirbike all tools, you need to know your test light. Aso, you get
what you pay for. Buy a good test light and know & capabilities.IF YOU ARE NOT SURE OF YOUR
TEST LIGHT OR THERE IS ANY SUSPICION OF A VOLTAGES$SUE, CHECK THE VOLTAGE
WITH A METER BEFORE CHANGING PARTS.

Remember, the statements made in this school aedan experience with the equipment used by HWH
and do not necessarily apply to everything that weill work on in the RV industry.
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Here are some rules for using the test light fagdostics:

1. Know your light. Know the difference betweenifhit” and “dim”. At what voltage do you start totiae a
difference?

2. Know the equipment you are testing. At whatamdt will the equipment functior&hould you use a test
light on certain pieces of equipmen®®though most of the HWH equipment is designe@$est light can be
used,some equipment can be harmed by using a test lightthe Hall Effect switches and pressure
transducers (not pressure switches) we use shotlgertested with a test light. There are othecgseof
equipment this is true of. Do not use a test layhprinted circuit boards unless a service manuakovice
representative directs you to do Han doubt, ask.

3. Know the voltage you are dealing with. A 12 wtekt light will burn out quickly on a 24 volt sgsh.

4. Be careful with the test light probe. Becaustheflength of the probe, it is easy to createastsb ground
when testing a + voltage source. It is a good tdezver all but approximately ¥ inch of the téght probe
with shrink tube to insulate the probe. Many netest lights have this done.

5. Make the end of the probe a little dull afterghasing the light. This will keep you from piergithe wire
insulation with the test light probe.

6. Remember a test light assembly is like two laygage wires with a very small guage wire connediire
two. A test light can and will complete an opercuit that could cause a component to turn on. Hawhrof
a load a test light could turn on will depend a thst light. This can be a useful feature of &% light but
could also create a safety issk@ow what you are testing so you do not create adnal.

7. Make sure the test light is working. Check igatlwith a known good ground and + voltage source.

3-1.1 Selecting a test lightAs was stated earlier, “you get what you pay féxdh’'t skimp on price when
purchasing test equipment. Get a good qualityalbédi test light with a durable cord and insulatéidator
clip. I like a light with a medium length insulatpdobe and a coiled wire. | do not like the LEDt feghts. It
is easier to see a difference between bright amdwdth a standard bulb. There are many differeylestwith
different features such as ground or + voltagediieie. There are also kits available that come ith
adaptors that allow the light to be easily conng¢tedifferent plugs. It is a good idea to purchagest light
that has an easily replaceable bitbrchase a test light that you are comfortable wiitking and
understanding.

3-2 DIGITAL MULTIMETERS, VOLTMETERS, ETC. Although in the Test Light section we discuss
the usefulness of the test light, you can onlyageaccurate measurement of voltage or resistartbeawi
meter.That is why it is important to know how to use YOURmeter. This section is not going to explain
how to use a particular meter. There are manyréifitestyles, brands and price ranges when consgleri
meters. This section will discuss general infororatio aid in the use and selection of Multimeters.

3-2.1 Selection of a metetJp to a point, how much you spend on a meter shooide a consideration.
There are very inexpensive meters available buhagau get what you pay for. $30 won't buy you rhuof
a meter. That doesn’t mean you should run out perdd$500 or $600 either. The two main considaratio
when purchasing a meter are quality and featur@sqality, do some shopping. Talk to several eigneed
techs and get some opinions. Whether it's fromrasite tool truck or a supply catalog, make sureavay
and service is readily available for the meter. fléatures, you need to understand what you aregdoimork
on. If your work is limited to HWH type equipmentu won't need the same features in a meter thetla
working on generators, converters and inverters negg. When comparing Digital meters you will hier
term “True RMS” as a meter feature. If you needd8RMS” (Root-Mean-Square) explained, you don’tthee
this feature. If you are a tech that understandeé RMS”, you probably already have a “True RMStene
Please do not take offense to this. As a tech wgr&nly with HWH equipment, | did not know what eu&
RMS meter was good for nor did | care. In facthaligh | now understand “True RMS”, | still don’treaf |
am using a True RMS meter. | only bring up the scibfo help you decide on a meter. Don’t spend mone
you don’t need to. You can always upgrade somedagciessary.
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Another choice is between a digital or analog méike digital meter is by far the most popular agon
service techs. The digital meter is easier to sratlless awkward to use than most analog meters. My
preference is a digital meter BUT there is one athge to an analog meter. If you are looking feokage
spike or dip, a digital meter may not react quinkuwgh to catch the spike or dip. The needle ohtiedog
meter will react to the spike or dip. This couldébaseful feature but | still recommend a digitaiten. It just
may be helpful to know where to get your handsmarsalog meter if you need one.

These are a few things | would look for in a dibiteeter:

1. Quality

2. Serviceability

3. Auto Range feature.

4. Relative mode. Everything has resistance, evemeter probes. The Relative Mode compensatakdor
probe resistance to give you an accurate readirgnwieasuring resistance. You simply hold the probes
together and push the REL button. This will “0” ¢le meter.

5. Adaptability. Will the meter accept and haveilade accessories such as alternate style prokseap on
amp meter or a temperature probe?

6. Price.

3-2.2 Digital multimeter functions.Most digital multimeters will have the same stad@mnctions. The
more expensive the meter, the more functions thtemneay have. In this section we will concentrateloe
standard functions as these are the functions yibaneed when diagnosing HWH equipment.

These are the symbols that will be on the metecsal dial:

\ This is for measuring Volts AC (Alternating Cuntg Normally you will not need this scale but we
have done a few 110 volt pieces of equipment.

\% This is for measuring Volts DC (Direct Currenthe will be the main scale that you will use.

mV  This is for measuring Milli-Volts DC. This scaleads thousandths of a volt. If mV is preceded by
number such as 300, that means this scale wdl ugao .300 of a volt. To read a greater voltyge,
have to go to the V scale.

Q This is for measuring resistance or onms. Mosensawill have multiple ranges. These ranges are:
Q  Upto 999 ohms depending on the meter
KQ Up to 999,999 ohms depending on the meter
MQ 1,000,000 or more ohms
Most meters will have an auto range function aramual range function. The auto range function will
automatically range needed to read the resistaiteemanual range function is just what it saysu Yo
pick the range you want to work in. The auto rafugeetion is what most people usually use.

-} This is a diode test.

->))> This function is an audible “beep” indicator famtinuity.

A This is for measuring amps or current, either &@C. Less expensive meters may have a separate
selection on the dial for Amps AC and Amps DC. @i may also be marked mA to measure milli-

amps or thousandths of an amp. Maximum measudpglility for most meters is 10 amps.

MA  This is for measuring micro-amps or milliontfsao amp. This may be on more expensive meters.

-51 -



3-2.3 Reading the digital multimeter.The best thing | can say about learning to readitatimeter is to
study the manual that comes with the meter. Theescof the meter will give you the information tigati
need but different meters will have different walys information is presented. For example, | have meter
that on the right side of the screen it will inde&AC (Volts AC) or VDC (Volts DC). My other metéa
more expensive unit) indicates V (Volts) on théntigide of the screen for both AC and DC volts
measurements. On the left side of the screenitates AC for AC volts measurements and nothindGr
volts measurements.

There are two main things that you have to payate to while reading the meter. First is anydett words
or symbols on the screen after you select a fun@ral when you take a reading. This tells you timetion
and range the meter is operating in. The secong ikiwhere the decimal point is. Most meters hae
multiple ranges. Each range starts at O (the sareght show 0.00 but that is still 0) and will haae
maximum. Using the Auto Range feature, if the metao equipped, is usually the easiest. The matler
automatically pick the range (not function) thahéeded. You just note the position of the decipoaht and
the letter indicating the range to get the correatling. Some meters have a range maximum in riadtgf 2,
3, or 4. For example, a meter with a multipliedofould have the following ranges when the diadstoQ.
400Q 0to 400 ohms 400 ohms is the maximum reaftinthis range.

4KQ  0to 4,000 ohms 4,000 ohms is the maximeawling for this range.

40 KQ 0 to 40,000 ohms 40,000 ohms is the maximwading for this range.

400 KQ 0 to 400,000 ohms 400,000 ohms is the maximading for this range.

4 MQ  0to 4,000,000 ohms 4,000,000 ohms is thamrman reading for this range.

40 MQ 0 to 40,000,000 ohms 40,000,000 ohms is th@rmam reading for this range.

If using manual range selection the screen wilicatk OL for over limit whenever the range limit is
exceeded. Some meters may have a different indicafine of my meters indicates OUCH whenever agang
limit is exceeded.

It is important to understand the range symbolstawl to translate the figures.

M is MEGA MEGA is x(1,000,000) 6.4 Mis 6,400,000 ohms
Kis KILO KILO is x(1,000) 21.3 R is 21,300 ohms
m is milli milli is .001 or 1/1000 329 mA is .329 amps

M is micro micro is .000001 or 1/1,000,000 6,729 YA is .0@BEhps

The symboM moves the decimal point 6 spaces to the right.

The symboK moves the decimal point 3 spaces to the right.

The symbom moves the decimal point 3 spaces to the left.

The symbolr moves the decimal point 6 spaces to the left.

The following example is what a meter with a maximmenultiplier of 4 would read when measuring a dircu
with 36,178 ohms of resistance when using the nmanaode in all the ranges:

400Q - OL

4 KQ -- OL

40 KQ — 36.18 K2

400 KQ — 36.2 K

4 MQ -- .036 M2

40 MQ -- .04 MQ

In the AUTO mode, the meter will automatically gothhe smallest range the read the resistance. THe&OA
range would go to the 40¢(Krange and read 36.18K

Some meters just use a straight reading for eader® is 0 to 999, K is 0 to 999,999 and Mis 0 to

1,000,000 plusWhether in AUTO or manual mode, you must know how ¢ read the ranges or scales on
your meter.
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Here are a few problems to practice converting nretedings from one scale to another. The answerata
the end of this sectioB;2.Don’t worry about a maximum multiplier or rounditttge numbers off. These may
not be readings you will see on your meter. Thjgss to help you understand how to transpose timebers.

1. 4230 = (.4 6. 625A= MA

2. 1.73M2= & 7. 836V = mV
3. 286 mV = Vv 8. 147,568 mA = A
4. 639.7 K= Q 9. 22.35M2 = Q

5. 36.1pA= mA 10. .71mV = Vv

1 Diode Check.Refer to sectiod.5for the correct information on testing diodes. Ti@ortant thing
to remember about checking a diode is if the diedestalled on a circuit board or is in a cirowith other
components, the diode test may not be accurateoOthe diode legs needs to be disconnected frem th
circuit to get accurate test results.

'>))> Audible “beep” continuity test. The “beep” test isonly a basic test for continuity. It is not a very
accurate test. Most meters will “beep” with up to ahundred ohms of resistance, some at a higher level
Here are a couple of examples why the “beep” tesbt a reliable test. Example 1: A 100 foot piet&6
gauge wire only has .2525 ohms of resistance. bhep” test certainly does not tell us that pieceviog in
not damaged. If the 100 foot piece of 16 gauge wae cut and is now only equivalent to a 30 gauge,\w
still would only have 10.32 ohms of resistance. @hmaged wire could cause a significant voltage dro
causing a piece of equipment to fail even though'ieep” test indicated continuity. Example 2; Acait
with a load that has a coil with approximately hobf resistance, such as our hydraulic solenoideslhas a
wire that was tested by someone poking a test ilgbtthe wire. The wire now has a corrosion resise of
1.5 ohms. With a system voltage of 12.5 voltsvibiéage drop across the corrosion is 7.5 volts. §dlenoid
valve will not work because of the wire but the épétest showed good continuity through the wiraml not
saying to never use the “beep” test, jusn’t rely on the “beep” test to be conclusive in annection and
resistance issues.

3-2.4 Using the multimeter.The two main things you will use the multimeter éoe checking voltage and
resistance. These two checks will take care ofigoity tests. Remember, the “beep” test is verpmausive.
The diode test is not a very common test eithea.dfode is causing an issue with a circuit bogod, don’t
have to diagnose the bad diode. If a circuit baafdiling, we replace the board, not internal comgnts. If
the problem diode is in a harness, power is getlingugh when it shouldn’t or power isn’t gettirigdugh
when it should. Either way, a voltage test will shihe problem. Even checking resistance will novéey
common when compared to checking voltage.

The main thing to remember whehecking resistances thatthe circuit must be off. It is also best that the
circuit or component is isolated. The main probieithh checking circuit or component resistance igotng
a resistance value. The other issue is the capabilthe meter that is available. For example, latge
solenoid valve coils only have approximately 1.2nshof resistance. Without a meter with a “relative”
function, you cannot get an accurate measurerhiame are some resistance values for several gadiges
stranded wire. These values are per 50 foot of atig8 degrees Fahrenheit.

10 gauge--.054 ohms

12 gauge--.0855 ohms
14 gauge--.1365 ohms
16 gauge--.2175 ohms
18 gauge--.346 ohms

As you can see, you neesizb@and length of wire to determine resistance
of the wire in the circuefsmall gauge wires have a very low resistance
factor. Voltage drop foniitilial components is the best way to diagnose
component issues.
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Using a meter to chealoltageis the most reliable and accurate way to checlageland corrosion or
connection issues. (I still like a test light faitial quick tests especially when a component mait function
at all.) Checking voltage drop is the best wayitgdose a circuit. There are three main thingstavden
checking voltage drop with a meter:

1. You want to check as close to the component thiticomponent plugged in as possible. This shioeilthe
component connector or connection post. If necgssae some type of jumper wire to make this pdssib
We have some special adaptors to make this possible

2. Always check voltage between the + voltage suppt the ground connection for the component. This
could be a wire, a mounting bolt or a special gtboannection such as a ground sfdd.not use a separate
frame ground for the initial check. If the problem is the ground for the component, gould get an
acceptable voltage reading using a frame grourttielfnitial reading indicates low voltage, the® asknown
good ground to make a check. This will let you kribthe ground is the problem.

3. You must have the component or a load turned on toheck voltage drop.Checking voltage with no
load will not give a correct reading for the vokadrop across a component. Even long runs of wireodes
in the circuit will not cause a voltage drop if teés no current flowing through the circuit. Thayway to
create a current flow is by having a load on tmeui.

Using the voltmeteto find an open in a circuitis a simple process and usually has only one isga@ng the
circuit through the vehicle. (You can also do thith a test light.) | like to start at the + volagource and
work my way to the load. Measure the voltage tman ground. If possible, using the ground soucocédtfe
circuit is the best. You might find the groundhe tssue before going too far. As you work your wapugh
the circuit, the voltage should be the same. Ifghg any voltage differences as you go, therensestype of
load on the circuit. The open in the circuit is savhere between the last good voltage reading ybargbthe
first 0.00 reading you get.

FUSE
— + SWITCH OPEN
—1
12.7v *—12.7V—f *—12.7V—* *—O.OOV—>
+VOLTAGE <Test Light) <Test Light > <Test Light ) <Test Light )
SOURCE On On On Off
Solenoid Valve —»|
<Test Light )
Off
+—0.00V—>

Figure 84

Review the other sections of this school. There aeelot of good examples of how to check circuits dn
system components.

Answers to the exercise in the “Reading the digitahultimeter” section.

1. .0423 K2

2. .00173 K2

3. .236V

4. 639,70@2

5. .0361 mA

6. 625,000 pA
7. 8,360 mV

8. 147.568 A
9. 22,350,000
10. .00071V
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3-3 OTHER TEST AND REPAIR EQUIPMENT. There is any number of pieces of equipment youctoul
own but most of what you need has already beemssed in this school. However, there are some shimay
you will need or find useful when working on HWHuggment.

3-3.1 Clamp-on amp meterThis meter is necessary to check the current dfgsump motors. (Most digital
multimeters are only good for testing up to 10 ampkis meter is available several different wdysan be
purchased as a stand alone meter. It can alsorbkgsed, in most cases, as an accessory for ygitaldi
multimeter. The accessory amp meter will have atdiaero out your multimeter. The multimeter hadé

set to the mV scale on the selector dial. Thengfamp the amp meter around the cable supplyingltag®e

to the pump motor. With the pump motor runningdréee number on the multimeter screen. You may want
to take a voltage reading at the same time.

3-3.2 Wire strippers.There are many different types of wire stripperailable. Sometimes a crimping tool
will have wire stripping capabilities. The autoncatiire strippers are my favorite. | suggest a pirig tool
with multiple wire gauge holes that are labeled.eéWWkhe wire is inserted into the proper hole ardindles
are pulled, the wire insulation is cut to the corepth and then the wire is pulled to removecthiepiece of
insulation.Just make sure you use a good stripper, no teethnives, wire cutters or nail clippers.

5-3.3 Test leadsLike everything else, test leads come in all sizbgpes and forms. The main thing to
remember about a test lead is it is just a wiret seeds to be sized properly so it does not adbé circuit
problem. This is especially important when using ldad as a jumper to run a piece of equipmeravé h
several different leads | use. | have a fairly I¢éead with a 12 gauge wire. | have another sinidad that has
an automotive style fuse holder. Both of theseddeal/e alligator clips on both ends. | have sewdiffdrent
leads in a smaller gauge wire that have one omiwanale or female Packard connectors. These afelus
when dealing with components like warning switcbepressure switches. | also have an adaptor thgs |n
between the harness and air or hydraulic soleralices. This adaptor has a positive and negativevethn
alligator clips. | can connect my volt meter to #uaptor to monitor voltage to a valve with thevegblugged
in and energized. It is also a good idea to hav@ra8 foot number 2 battery cable with clamp eauislied.
This can be used to supply + voltage to a pump natto supply a ground for the pump motor. Whateve
you have, make sure you have an assorted suppglyoaf test leads and jumper wires or cables. No bare
wires, coat hangers or screwdrivers please. HWHahasssortment of jumpers and test leads or tesesses
available to ease diagnostics on HWH equipment.tidbthese are listed in our parts catalog thatlan
viewed on line atvww.hwh.com

ASSORTED TEST LEADS

Multi-purpose voltage and ground test pigtail. Tiigtail
will plug in between any component with a 2-pin lkad
connector and its harness connection. It allowstgou

check voltage drop. =m =

Multi-purpose switch test pigtail. This connectassha
black and a gray 2-pin Packard connector. Thisapigt
plugs into the harness not the component.

Single wire switch test pigtail. This connector laaslack
1-pin Packard connector. This pigtail plugs inte th SF <D
harness not the component. Figure 85
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3-3.4 Soldering equipmentWe recommend that when wires need to be splicedam# type of connector
is not used, the splice is accomplished by soldethe wires together. Butt connectors should rabvelysed
and are not as reliable as soldering. If the reghtipment and solder is available, soldering dotsake
much more time than crimping some type of connettgou are repairing a pin type connection, wendb
recommend soldering. Fix the connection with a kanector.

Several basic types of soldering tools are avalabhere is the soldering gun, stylus type eleswidering
irons and the butane powered soldering irons. Antbage are many brands, styles and price rantjks.the
butane irons. They are totally portable and the tigat very rapidly. Most butane kits also comé wit
attachments that will heat the shrink tube thaukhbe used over every solder splice. You only rteedne
kit to do the job.

After selecting a soldering tool, you need the ecrsolder. A small diameter, flux core soldethis éasiest to
work with. We use a .032 diameter flux core sol@er.not use an acid core solder on electronics. Tkeid
core solder will create a corrosive effect.

A soldering technique is something you have to gvéor yourself. Practice with the soldering tgou
choose so you are used to it when the time comeanfactual repair. Here are some soldering tips:

1. Give yourself, when possible, plenty of bareevio work with so you can tightly twist the splis@es
together. Do not try to solder corroded wires omieals.

2. Remember to put the shrink tube onto one ofines BEFORE you solder the splice. Don'’t let thersk
tube get too close to the splice while solderingu¥on’t want to shrink the tube before it is iags.

3. Don'’t get the wires too hot. This can damagentre insulation and cause shrink tube to shrinfoteeit
should.

4. Don't try to “coat” the splice with solder. Hahe wire so the solder can “wick” into the wireastds.
Apply the heat to the bottom of the splice if pbesi A small drop of solder on the soldering tip ¢eelp
transfer the heat to the wire when the tip is aapto the wire.

5. Don’t use too much solder. Excess solder coalsse a problem for the shrink tube. Excess solter ¢
“wick” up into the wires, damaging insulation. Thdl also cause the wire to be stiff away from gpdice.
When all the visible wire strands are coated, ivahough solder.

6. Allow the splice to cool slightly before tryirig move the shrink tube into place. Too soon maygedhe
shrink tube to stick before it is in the properigos.

This is the end of this school at this time. Thewey be future additions to this such as a schermatitagram
reading section. Check the school outline from timgme. We will mark future additions as “New"hope
this has been informative and helpful. Remembés,dthool is based on information pertaining toiganent
and diagnostics that is used by HWH Corporation.

The following is a test that will cover a little efrerything that was discussed in this school. Domththe
and email it tachool@hwh.comwe will correct it and send it back to you.

We appreciate any input that will help make thid ather online HWH schools better. If you find raists,
feel free to let us know so we can correct it.
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