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GENERAL INFORMATION

1.1 INTRODUCTION

Bo you want to service your ELEC -M@tra:-
tor yoursalf! Follow the instructions glven in this
manual. Basic requirements are lstad below,

To servies your tractor, you will need:

[ ] Some mechanlealmptitude, & that you can sed
how the parts fit together mechanically.

&  Bome electrical understanding. You should
know a little eircult theory, and how to mesn-
mare alectrical values, Theory of operation
for the specific circuits used in the tractors
ism discussed In the particular sectlon for sach
tractor model,

™ Some tools and instruments, (These will be
discussed as they are needed.)

[ ] A good understanding of how the equipment
should wark when it Is factionlng properly.
{Read the appropriate theory of operation sec-
tion for the model tractor balng repalred. )

L A systematic troubleshooting method, This
will be explained later in this section,

You should gstablish safe work procedures and fol .
low them, General prec ns are |1 W,
while others are fagged throughout the book with
Warnings and Cautions,

1.2 BAFETY DURING BERVICE
L Waoear salety glassas,

[ ] Romove all watches, rings, tie clasps, and
metal objeets from shirt pockets to avold un-
wanted short-circuits,

#  Open the Power Disconnect switch.
Btay alert and think aboul what you are doing,

o Unplug the charger line cord from the house
wall outlet.

1.3 PRIMARY HAZARDS TO GUARD AGAINET

#  Electric shock is possible from the charger
primary elrcult (120 volts),

@Trqdﬂmuk of General Electrle Co,, U, 5§ A,

1-1

» Use the same care as you would with any
other household appllance,

- Battery short-glreults genorabe high currents
which can cause burning and arcing. Always
bo caraful to avold touching points of opposibe
polarity with metal instruments,

- Battery explosion - Immediately after charg-
ing, some amount of hydrogen gas may be
present, Use the same care as around gaso-
line engines and allow the tractor to ventilate
before starting to work on it,

L ] Burng = Service implies a fmilt, and some
electric foults can generale heating of parts,
Be alertfor hot spots and signs of overheating.

- Rotating Energy — Be sure all motion has
stopped before working on components,

CAUTION: WHEN MAKING MEASURE-
MENTS WITH THE POWER ON AND
SYSTEMS RUNNING, USE CARE IN
PLACING METER PROBES AND LOCA-
TION QF YOUR DODY, HANDS AND
ARME,

ALWAYS UNDERSTAND WHAT YOU ARE
DOING !

] Be smare you get all your tools oul before clos-
ing up the enclosures.

L Don't pull belts with your hand close o a pul-
ley = you ean lose a flinger,

Work in a dry place on dry equipment,

L Replace all guards and do not bypass any
salaty Intearlocks,

L ] Keep bystanders out of the way,
Know how to handle battery electrolyte
aplllage,

1.4 TERME AND EYMBOLS

The following terma and symbols will be encoun-
tered throughout this manual in using ELEC-TRAK



Tractor schematics and Troubleshooting Guides.,
You should become familiar with each term and
symbol and the function performed by the device it
represents before atbempting to service your
traclor.

CC1 thru CC16 = This indicates the pad under con=-
gideration between 1 and 15 of the
printed circuit Control Card,

Coil = An electromagnet, used in the
tractor primarily as the achuating
mEeans relays and contactors
when r inapplied from a con=
trol switeh.

Contactor = A contactor is a device oparated
other than by hand, for repeatedly
egtablishing and interrupting an
electrie power circuit,

Drop out = Used In referring to removing
powar from the call of a relay or
contactor, GCenerally the opening
of contacts.

Eneérgize = The application of power to a relay
or contactor coll,

= Field Weakening

= eal identification of o plug or
| and its pin or socket under
congideration, i.e., P2-3 means
plug housing P2, pin number 3,
HNote that the wire mumber remains
the sume after passing through
plug and jack connections, P1
matas J1, P2 mates J3, ete,

FW
J1-12, P21-3

A

= Normally closed {switch, relay,
contactor),

= Normally open (swlitch, relay,
contactor),

= Mormal Operating Condition,
Power Disconnect is engaged; Koy
Switch is "ON', brake pedal ro-
leased, Seat Switch depressed,
and Range Selector In neutral.

&

= This can ba used to refer o a
break in a wire or connection, or
the positiona a ewltch may be in
B0 48 to stop the fow of current
in Ite attpched wires.

= A characteristic of a motor, which
resulis in abnormally high speed,
This is usually due to an open
motor field or the fleld circult,

Overspeed

1-2

Plck up

RC1 thru RCT

Relay

RTHN

= Used in referring to applying
power to the coll of a relay or
contactor., Gensrally the clos-
ing of contacts.

= This indicates the pad under con=-
slderation between 1 and T of tha
printed circuil Resistor Card,

= Used to control the opening and
cloging of the operating circuit of
& device B0 that the maln operating
current does not pass the
control switch or other inltiating
device,

= "Heturn to Neuiral" relay and
cireuit,

8C=1 thru 5C-3 - Normal revérse speeds corre-

SC0 thru S8CT

Short

8PG

YAC

Yoo

aponding o EM Control posi-
tions beginn g neutral,
l.e., 8C-2 |8 the second fnstest
reverge speed which calls for

actuation of the following switches:
reverse, starf, and 1A.

= Mormal forward speeds corre-
sponding d Control posi-
tlons beginning neutral,
Kote: If the tractor is defective,
one or mora speeds may be in-
operable, but the speed conlrol
position called for in the test
should be usad,

= A short=elreull s an abnormal
connection of relatively low re-
slstance made accidentally be-
tween two points of different po-
tential in a cireuit,

= Bpecliic gravity = The ratio of
the walght of any volume of &
substance to the welght of an
equal volume of water taken as
the standard unit, Thus, battery
eloctrolyte, with a specific grav-
ity of 1. 260, weighs 1,26 times
as much as an equal volume of
water,

= Yalts altérnating current,

= Yolta direct current.

Groundiéd ac Ling Plag,



A motor-driven
devica that shuts
aff & power source
as wall as itself
after a presst
time.

Changes ac volt-
age [rom ong
voltage to another.
May stepupor
atep down voltage
lawal.

Timer -

Transformer

= Battery - = Prodoces elec-

= Power Pack trical energy by

-T a chemical
procesa,

A method of read-
ing high current
values, The cur=-
rent |8 passed
through the shnt.
The meter reads
the voltage drop.

Shunt and -
Metar

Light or Lamp

Muanunl Switch or Disconnect,
(Bhown in open position)

Cam-operated Switch, [(Shown in
=0T glosed position)

| | Ralay or solenold-operated con-
tacts, NO = normally open; NC -

--—,,.H'L normally closed.

—-O— Actunting coil of relay or solancid,

Thermal Overload Prolector

— (Circuit

Breaker) = Aulomatic roesel
protective device,
mpenses current
and/or tempera=
hare combinations,
Provides a closad
circuit until over-
londad,

Tharmal Overload Protector -
— —— Manial reset.

—{T— Fuse

= A throw-away
protective device
in a elreult,

Plug-in

Disconnect

Motar
Armature

Motor Field

Reslator

_1% Capacitor

Hlllﬂl![: | camwont SCH

GATE

Unijunction
Translstor

-

1-3

Easzses removal of
alectricnl assem=
blies,

The rotating cen-
ter momber of an
electric motor,

The fixed putside
member of a mo=
tor, produces an
elactro-magnetic
field. (This field
is produced by
magnetic mabe-
rlala ln permansnt-
magnet motors. )

Davice to resiat
the flow of cur-
rent; measured in
chms (a),

Two electrodes
separated by an
insulptor or di-
electric. This
device can be
charged and dis-
charged at a con-
trolled rate; also
can sore enirgy
for short pericds
of time, Sizes
considered ingul.
(Microfarads)

Allows current to
flow only in ong
direction, from
anode to cathode,

Balid=-state semi=
conductor switch
which closes when
currant s di=
rected into the
anode and gate,
The SCR opens
whien anodé our-
rent is cut off,

A variable-resist-
ance voltage di-
vider, When usaed
with a capacitor
and roslstor, con-
trolled time de-
laye ean be had,

B .
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= An energy absorb-
ing deviee used to
protect switching
eontaets,

E| Varistor
L

NOTE: Behematic symbols have not bean
completely standardized.,

1.5 UNDERSTANDING SCHEMATIC DIAGRAMS

All electrical circults must have closed paths
for current flow in order to cperate. The closed
path is provided by wires and slectric or electronic
components in most applications, In tracing
closed paths [rom schematics, the task s simpli-
fled by starting the path at the power supply (bat=-
tery, line cord, etc.) and tracing through the as-
sociated components and wiring, back to the power
supply,

Example 1! Consider a simple fashlight. Elec-
trically, it consists of two batteries in series, a
filament or lamp, a switch, and the wiring giving
a closed path, HReferring to the schematic sym-
bols, the circuit eould be represented pictorially
and schamatically as shown in Fig, 1-1,

Motice that in tracing the circult in the scho-
matie, theére is no elosed path for corrent flow
until the switch is manually closed,

7
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SWITCH
d
o BATTERIES

LaAMP

Fig,
1-4
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Buppose an ELEC-TRAK tractor light eireuit
requires service. A simplified schematic for the
Light, with the Lift circult added for instruction, is
shown in Fig. 1-2.

Since the trouble 15 in the headlight circuit, only
that closed path need be conaldered, That path is
shown in Fig. 1-3, but should be visualized from
the complete schematic, not redrawn.,

The tractor power pack maximum output is ap-
proximately 30 volts, but Fig, 1-2 clearly indi-
cates that the light system is tapped into a portion
of the power pack, namaly the bottom two batterles
which deliver 12 volts; so, in sérvicing the gys-
tem, only those two batteries require attention In
the troubleshooting procedure.

Lot's assuma neither the headlights nor the
dash light illuminaté. From the schematic of Fig.
1-3, list all the faults that could cauge thie fallurs,
The list should conlain these major items:

1. Fuas Blown.

2, All lamp filaments burned out.

3. Batteries discharged or very weak.
4, Light switch defective,

5. Break in wiring, or poor connection,

Since fuses are usually in a readily accessible
place, they can usually be inspected quickly, It Is
good practice to check the fuses as the first step in
any troubleshooting progedure,

o o

|”|i+
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If the lamps are easy to see or remove, a check
of one filament could be a second step, Notice
that if just one of the filaments is good, that lamp
will operate regardless of the eondition of the
others since they are wired in parallel,

Very weak or discharged batteries would seri-
ously impalir drive motor operation since these
tapped batteries are also used in the drive motor
eireuit. The specific gravity of the cells could be
checkegd to verify the state of charge,

If the switch is defective, it may be checked in
several ways, One simple method merely by =
passes the switch with a length of wire, A "jumper'”
wire lor this purpose can be made for use as a tool
by attaching clips to either end of an Insulated wire,
Beveral different lengths may be made for different
Bituatlons. Tha swilch is then tested by elipping
the jumper from one switch terminal to the other,

If the lights do not operate with the switch turned
on, but do with the jumper in place, the switch ig
defective,

1-5

Another procedure that could be used to isolate
defective wiring or components utilizes the valt-
ohm -milliammeter (VOM). The VOM would be set
o measure positive de volts on a ringe grealsr
than 12 volts in this case, The negative VOM lead
is attached to the negative power pack connection
or fuse B, which electrically is at the same valt-
age. The positive lead is then moved from the
positive power pack tap to the next accessible con-
nection encountered as the closed path is traced to
the lamps. The 12 volts should be indicated at
each check point with the switch on. If the voltage
is "lost" between one point and the next, tho wire,
connection, or component between the points is
dafective,

It is also possible that the negative wire to the
lamps is open, and it may be checked 1n slmilay
fashion by initially moving the negative VOM lead
to accessible points while the poaitive lead re-
mains on the positive power pack tap. The 12-volt
reading should again be indicated for good wiring.

The lift cireuit in Fig, 1-2 taps the top 18 volts
from the power pack and uses a fuse In the poaitive
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tive wiring, Motice that the power disconnect can
shut off 1ift power, and that the lift switch has &
center OFF and two ON positions, Troubleshoot-
ing of the wiring and components can be carried
out in o manner slmilar to that used on the light
circuit,

I, on Initial inspection, burned wire insulation
is motiead, its pause and resulls should be Immedi-
ately corrected to prevent further shorting before
proceeding with other troubleshooting steps,

The mechanics Involved n troubleshooting ara
necessarily long. As you become familiar with
logieal troubleshooting procedures, experience
develops, and familiarity with the circuits in-
creases, and you will find less noed to refer to
procéedure guides, but will work solely from the
wiring drawings and schematics,

The schematlie shown in Fig, 1-4 can be used to
gain symbol familiarity, trace closed paths, es-
tablish a systematic troubleshooting procedure, or
just figare out how it works,

1.8 USE OF THE VOLT-0HM-
MILLIAMMETER - (VOM)

Your basic tool for troubleshooting electrical
malfunctions is the Volt-Ohm-Milliammeter {VOM
or multitestér). You will need & VOM rated at
20 ohma/volt, with ranges as follows:

Ranges:
DC Voltage:  0-10-50-250-500-1000V
AC Voltage: 0-10-50-250=-500=1000V
DC Current: 0-500 microamps
D-25=600 milliamps
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Resistance: Scale reading X 10 ohms

Boale reading X 100 ochmea

Beale reading X 1000 (1K)
ohme

*Capacitance: 0.001 fo 0.1 microfarads (u.F)

*Mol requlred
Voltage and Current Measurements (ac /de)

Insert the red test lead plug into the plus {+)
jack, and the black test lead into the minus (=) jack,
Bet the selector switch to the required range, For
voltage measurements, the test leads are connecbod
acroas the device or elreult under test; whereas
for current measurements, the VOM must be tem-
porarily connected in series with the tested clrcult,
Motice that only de current can be measared with
the VOM. Always observe correct test lead po-
larity,

CAUTION: IF THE VOLTAGE OR CUR-
RENT VALUES TO BE READ ARE UN-
KNOWN, SELECT THE MAXIMUM RANGE
ON THE VOM AND THEN LOWER THE
RANGE A STEP AT A TIME UNTIL YOU
REACH A RANGE WHERE YOU CAN
OBTAIN A READIMNG.

Realatance

To measure resistanco, turn the selector switch
to the range desired. Short the test leads together
and turn the "sgero ohm adjust’” wntl] you obtaln &

1-1

z¢r0 indication on the meter, Measure resistance

by connecting the test leads to the resistor, de-
vice, or circuit under test,

CAUTION: NEVER ATTEMPT TO
MEABURE RESISTANCE IF VOLTAGE
I8 PRESENT, OR DAMAGE TO THE
METER MAY RESULT,

False readings are obtained in many resistance
measuraments due to parallel wiring across the
tested part or elreuit, To eliminate this possi-
bility, disconnect at least one end of the test part
or wire from the rest of the clreultry,

NOTE: HReplace the Internal VOM batteries
if the "zero ohm adjust” doees not move the
meter pointer o zero,

Continuity and Short Testing

The ¥VOM can be used as a continuity and short
testing instrument, which are both variations of
resistance mejauremants,

With the VOM ""pero adjusted” as outlined in the
resistance instructions and the range selector on
the X10, with all power removed from the elreult
and one end of the wire free, the wire's resistance
is measired by connecting the test probes, I the
wire is continugus, an indication of zero ohms re-
silts, If the wire has o break in b, the Indleation



s infinity (=) and & loose connection may Indleate
several thousand chma,

Should intermittent problems occar, It may be
neécassary bo slightly flex the wires during tosting
to detect a break,

The same procedure can be used to test several

wires connected in series as well as switch and
rélay contact closures,

Silmilarly, U shorts are suspected beltwoen
wirlng, components, and body parts, the reaisi-
ance teal can ba applied. If no short oecurs, ln-
finity (=i will be Indicated. If a positive short
exigts, rerc ohma will be Indicated,

1.7 TROUBLESHOOTING TECHNIQUES

Before starting to troubleshoot, visually check
for loose wiring, and signs of faulty components:
l.@, , overheating, pitted relay contacts, binding
or loose switches, ete.

Fig. 1-5

Most voltage measuremenis must be made under
Mormal Operating Conditions (MOC) which call for
kay "ON", power disconnect engagped, seal switch
closed, and brake pedal flly releasad.,

WARNING: BEFORE ATTEMPTING TO
HERVICE THE ELEC-TRAK TRACTOR,
MSCONNECT THE CHARGER FROM
THE LINE VOLTAGE BOURCE AND DIS-
ENGAGE THE POWER DHSCONNECT.
SINCE THE EEM AND E10M TRAC TORS
ARE MOT EQUIPPED WITH A POWER
DISCONNECT, THE BATTERY CLAMP
TERMINATING WIRE NUMBER 2-01
MUST BE LIFTED FROM THE POSITIVE
POST OF BATTERY B2 BEFORE PRO-
CEEDING WITH SERVICING OF THE
TRACTOR UNLESS VOLTAGE MEA-
SUREMENTS MUST BE MADE. SEE
FIG. 1-5,

Restore thess power asurces as néeded for the
spécific test,

NOTE: All continuity tests must be mada
with the charger line cord disconnested
and the power disconnect disengaged. Un-
dar no circumsinnces should continuity
méasurémants be made on connected power
pack interconnections, This will result in
damage to the VOM.

The troubleshooting sections do not attempt to
cover nll possible fallures, but will serve as
guides to step-by-step procedures for solving
common problems, Famlliarity with these pro-
cadures develop logical approaches for failures
not listed,

WARNING: TO REDUCE THE LIKELI-
HOOD OF ACCIDENTS UNDER THESE
CONDITIONS, PLACE THE RANGE
SELECTOR IN IT8 NEUTRAL POSITION,
OR JACK BOTH REAR WHEELE OFF
THE GROUND, THIS WILL PREVENT
UNWANTED MOVEMENT OF THE
ELEC-TRAK TRACTOR,

1-8

Carefully observe polarity when measuring de
voltage. [+ metar lead to + volts, - meter lead to
- wolta)

During the troubleshooting procedure, refer to
the schematics, wiring dlagrams, and appropriate
assembly drawings as often as necessary to de-
velop ekill in relating these lllustrations to the
tractor hardware. When a check, test, or mea-
purement atep fails, always suspect trouble in the
ciroult under test; do not proceed to the next step
until the previous step produces satisfactory re-
gultse,

When an open circuit in the control wiring is in-
dicated, careful jumpering of the suspected compo=
nénts can confirm the indication if normal opera-
tion is restored with the jumper in place. Tha
circullry being jumpered can then be systematically
reduced until a single wire or component causing
the [nilure has been isolated. This procedure
should only be attempted when the necessary wir-
ing schematic is consulted and understood,



1.8 PARTE REPLACEMENT

Much time can be saved in the replacement of
electrical components if wires can be transferred
from the old component to the new one-at-a-time,
This procedurs also roduces the likelihood of an
error in rewiring which could result in serious
damage,

Besides the "ong-at-a=-time'" wire tranafer for
printed circuit cards and relays, care should be
taken in handling these components and in remov-
ing and installing their wires. To prevent damage
to the component or the wire connector, removal
should be done by grasping the connector and pull -
ing straight away from its terminal, without any
rocking motlon. Installation should be done in
much the same way; i.e., without rocking which
cin cause damage to connectors or componants,

Wiring connections to the printed eircult cards
must make solid contact with the printed circuit
card pads. In some cases, this calls for facing the
connector a eertain way, and in others, the con-
nector must be adjusted or replaced to increase
pad contact pressure. Much the same can be sald
about the connectors used on the relay terminals,

Servicing required on the power disconnect (on
tractors so equipped) always requires that at least
one of the battery clamps be removed from its post
to "open' the serios set of batteries, If this Is not
done, portions of the power disconnect carry volt-
age and may cause severe arcing to ocour,

Wire connectors can be divided into twe cate=
gories: those that can be erimped onto wires with
the crimping tool, and those that must be soldered.
A a guide, select a connector that will accomms-
date brth the terminal to be engaged and the gage
of the wire used, Prepare the wire by siripplng
sulficient insulation o allow the wire to seat in
the connector fully, If erimping 18 used, close
the crimping tool handles completely to pasure
good contact, [f the connector is equipped with an
insulator, this should be erimped to hold the wire
inmulation securely.

The large connectors are easily soldered to tho
wire with a high wattage soldering iron, but the
smaller connectors used in the plug and jack hous-
Ing must bé carefully soldered so as to allow the
connector to enter the housing freely, After
soldering, the upper comnnector tabs should be
formed around the wire insulation for additional

alrangth,

1.9 WIRE TERMINATION AND TERMINAL
IDENTIFICATION

This Ssction alds in the selection of the
proper wire termination, and in prevent-
ing component damage during soldering
while still providing a good electrical
connedtion,

To select the proper terminal, consider the
following :

Terminal Style - Ring, fast-on, edge,
mate=-n=lok pin,
mate-n-lok sockel,
shur-plug,
bifureated, eto,

Wire Gage = The diameter of the
wire

Bud Bize = The size of the stud
to which the ring

terminal (8 [astoned

Use Fig, 1-8 and Table I to determine which ter-
minal is required,

Terminal Crimping

Terminals which cannot be aceommodated by
available erimping tools should be partially closed
on the wire with another tool, such as pliers, and
then soldered, (Bee soldering instructions,)

Wire and terminals should be free of dust, dirt,
and greaseé. Before soldering, a good mechanical

J &% Wy

Ring Fuat=0n Edge
v T=Tal G
Pin Socket Pin Contact Bifurcated

Open-Barrel Terminals

——""]
Q.- i

End Splice Shur-Plug
Cloged-Barrel Terminals

Fig. 1-8



RING TERMINALS

Use Parl Number

243A4541P5
243A4641P4
24344841 P7
243A4541P1
243A4541 70
2434454170
24344541 78

FASTON TERMINALS

EHUR PLUG TERMINALS

24344541 P9
243A4541 P10
243A4538 P43
24344541 P11
243A4541P12

Use Part Numbar

243A4553F1
2434487007
24304822 P2
24TATEETP1
24TAT4E TG

PIN, SOCKET CONTACTS

Use Part Number

243A40680P01
243A4660 P4
243ATIIM

Use Part Mumber

243A45391P3
243A45830P2
243A4552P2
243A4506P1
24TATTISP2
24TATTIEP2
243A4a23p2
243A4560P1
244A7092P1

SPLICES

Use Part Number

24TATESSP1
243AAGBEPL
243A4641F1
243A45671

TABLE 1

31808,
31805,
31778,
31827,
34123,

Mﬂf‘!ﬂ-

243A4538P1, 211A3504P3, 321608
33461, 243A4538P1, 211A3504P2

243A453872,
243A4538P7,
243A453801,
243445388,
243A4538P3,

211 A3584P0
211A3594P10
211A3504P1
211A3594P4
211 A3504P6

31268, 243A4538P4, 211A3504PT
31257, J4IA4536P0, 211AIS04PE

CT T

312562, 243A4538P5
B4 GE

Replaces
60972-2, 243A45T0P1, 211A3604P13

60831-1, 243A4570P1, A0628-1, 211A3504P11

42844-1, 243A45T0P6, 211A3504P12

lacas

.

42473-2, 211A3594P18

B0620-1, 243A4539P1, 211A3504P14

B0610-1, 243A4552P1, 211A3504P15
#0843 -1

350381 -1, 24TATTISP1

350300-1, 24TATTIEP1

350011-3, 243A4823P1

*§0826-1, *B0156-2, *211A3504P16

# Do not use (hrass)

naie

3865, 211AGB4P19



TABLE I {(CONT'D)

PIN AND SOCKET HOUSINGS

Usé Part Numbar

243A4564P3
243A45644
243A4564P5
243A4568P3
2434508 P4
243A4568P5
243A4586P1
243A4600P1
243A4506P3
24TATTATP1
24TATTIEP1
244A7004P1
244AT094 P2
244ATH4 P
178B&013P3

comection should be made by twisting the wires
together or cloaing the terminal on the wire. Only
rosin=core solder should be used, since acid-core
solder may cause corrosion.

Soldering

Use the proper soldering gun or iron for the
jola, An iron of 150 watts is sulficlent to salder
any terminal in the tractor. For small terminals
or connectlons such as small diodes, varistors,
ete, , a lower-wattage iron (40 watls]) should be
used, while soldering on printed-circuit cards re=
quires an iron with a 25-watt rating.

Whon soldering or desoldering any componsnt
(diode, resistor, etc,), a heat-sink should be used
to prevent excessive heat from reaching the com-
ponent (see Fig, 1-8), By grasping the component
wire betwoan the component body and the joint to
e goldered, heat traveling towards the component
i# blocked, When the soldering iron tip is held
agalnat the joint, leed solder between the tip and
joint to provide high localized temperature for
guick soldering.

1,10 POWER-PACK TECHNICAL INFORMATION

ELEC-TRAK power packs, being the heart of
the ELEC-TRAK tractor operation, require care
and maintenance to glve maximum life and service-
ability, This seéctlon presents information for
initial inspection, charging, storage, watering,
clenning and testing., Recommended procedures
ghotild be thoroughly understood and followed com-

plotely,

For Pin and Socket Part Number

243A4530P3, 243A4530P2
2437453073, MIA4EIOP2
243A4539P3, 243A4530P2
243A4552P2
243A4052P2
243A4552P2
243A402P2
243A4530P3, 243445302
2434455212
24TATTIEP2
24TATTIGPE
244AT003 1
244AT093P1
244A7003P1
243A4823P2

Cleaning and Protecting

Gasos and overflowing electrolyte which may
regult from the charging process may cause o
realdua of oxidation to form on the power pack
surfaces, Besldes causing sell-discharge of the
cells, the residue may attack power pack termi-
nils and elamps and can cpuse deterloration and
performance problems if left unchecked.

The residue is best neutralized by sponglng a
sufficient solution of five tablespoons of baking
soda to one gquart of water to the power pack sur-
faces, After a few minutes, wipe all surfaces dry
and elean, After the post clamps have been re-
moved, this neutralizing process should be re-
peated for the posta and the clamps o ensure all
corrogion la removed, The double-ended wire
brush supplied in the battery service kit is then
uged to belghten the battery post and inside of the
post clamp, After wire brushing is completed,
reconnoct the battery clamps to the posts and cont
all post and clamp cutside surfaces with AP31
Battery Terminal Protection, Do nol coat the con-
tact area, only the external surfaces exposed io
atmosphere; n haavy conting of AP31 on contact
surfaces could impalr conductivity.

Prevanlive measires can be laken o roduce
the need of this service, Many times the residus
accumalation can be atiributed to one or more of
the following practices:

averilling af calls

excessive charging

ecareloss tosting of electrolyte

repéated tractor operation on very rough
terrain

-
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NOTE: Always bé sure that the discon-
miect is in (engaged) when charging batteries
installed in tractor.

SOLDER

SOLDERING
IRCN TIP

LOMG WNOSE
FLIERS

COMPONENT
WIRE

UBING PLIEZRS AS & HEAT SINK TO PREVENT
HEAT DAMAGE TO COMPOMEMNTS

Fig, 1-8

All those concerned should be made aware of
proper care to eliminate recurrence of these prob-
lems, but oven then the gases produced during
pmormal charging may slowly cause clamps and
posts to cxidize and should be cleaned,

Power Pack Testing

Several methods are used to establish power
pack condition and/or serviceability. Bpecific
gravity measurement (spg) provides a quick means
of determining whether each cell is accepting full
charge or not, Another method, the discharge
test, measures the ability of the power pack Lo
deliver o spacified number of amperes over a given
time. Before applying either test, the power pack
ghould be put through a full charging cycle and
ghould be allowed to réach room lemperature, A
voltage reading of each battery during discharging
can revenl a bad call, See Appendix B for test
procedures.

Acknowledgement is given to the Associa-

Add water to sach coll of the battery to the
gpecified level as described in the tractor Use and
Care Mamaal, It ls important, for best battery
care, to be sure (a) that the perforated plates
which may be seen through the filling holes are
coverad by the water level to a depth of 1/4-3/4
inch before charging, and (b) that the water level
is brought to the bottom level of the indieator ring
after charging. In this way, overfilling is pre-
vanted but sufficient watar 18 assured, The waler
filler jug (AP12) does (b) automatically and quickly.

The tractor or batteries may be stored in the
cold, provided the batteries are charged. Dis-
charged batteries can freeze in cold temparatures
unlegs recharged at once. The following table
Hustrates the relationshlp betwesn amount of
charge and freezing temperature of the electrolyte,

Freeging Temperature
Amount of Charge of Electrolyte
1005 -B0 F
8% 42 F
50% <16 F
5% -3F
10% +1F

gelf=discharge of batteries is practically non=
existent below +40 degrees Fahrenheit, and they
can be stored for several months without attention
when not used and in any temperature legs than
ol F,

If stored in a warm area above 40 F, specific
gravity and the water level in the batteries should
be checked about once a month, If the spg falls o
1,220 the batteries should be recharged,

After storage of more than a few weeka, it is
advisable o glve batberies an overnight charge
before uslng. There ia little danger of overcharg-
ing batteries when they are cold, so éxtra charg-
ing in the winter {8 advisable when use |8 expected
within the naxt 24 to 30 hours.

tlon of American Battery Manufacturers
for much of this technical information,

Charging Information

Fully charge the batteries by setting the charger
knob to the appropriate indieator mark, letting the
charger operate until it shuts off, See the tractor
Use and Core Mamaal for instructions for your
particular tractor.

WARNING: THE CHARGING PROCESS
EVOLVES SMALL AMOUNTS OF HY-
DROGEN GAS; THEREFORE, NORMAL
PRECAUTIONS LIKE THOSE FOR
GABOLINE REFUELING SHOULD BE
USED WHENEVER BATTERIES ARE
BEING CHARGED. (NO SPARKS OR
OPEN FLAMES NEAR THE BATTER-
IEB.}) THIS GAS CONCENTRATION
WILL KOT OCCUR IF THERE [8
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FREE AIR CIRCULATION IN THE IM-
MEDIATE AREA OR IF THE STORAGE
AREA 15 FAIRLY LARGE 80 CONCEN-
TRATICN IE REDUCED,

Watering

During the late stages of the charging cycle,
there |8 a bubbling action oF gassing process
which allows some water in the electrolyte solu-
tlon bo evaporate, but only waler is lost; 8o it is
only necessary to add wrter o bring up the elec-
trolyte level to the proper point. Distilled water
or tap water that is low to average in mingral con=
tent is satisfactory for use in the batteries.

Watar is to be added only after the batteries
are charged. The only exception to this rule (s of
the electrolyte level should fall below the top of the
plates, Bufficient water should be added to bring
the electrolyte level just above the plates, The
batteries should then be charged, and if necessary,
additional water added after charging, (This is
because the electrolyte expands during charging. )

Under normal conditions, it will only be neces=
eary ko check the electrolytle approximately once
per month, or just before charging if the batteries
are in storage, Use of the tractor In higher tem-
perature logations or under very heavy use may
require more frequent checks of the level,

Any electrolyte running out of the top of the
calla |8 an obvious sign of overfilling. It is impor=
tant that the electrolyte level be maintained above
the pl..ies bul never above Lthe indicator ring. Owver-
filling can result in dilution of electrolyte, which
reduces capacity and life of the power pack, Over-
Hiling can also cause corrosion where spillage of
electrolyte oceurg, This should be cleaned im-
mediately to keep sell-discharging to a minimam,

Battery Electrolyte Spillage

Any spilled battery electrolyte should imme-
diately be neutralized with a solution of 5 table-
spoons of baking soda to a quart of water, and then
cleaned up with a sponge.

WARNING: BATTERY ELECTROLYTE
(SULPHURIC ACID SOLUTION) 15 EX-
TREMELY CORROSIVE. DO NOT GET
UN-NEUTRALIZED ELECTROLYTE ON
YOURSELF OR YOUR CLOTHES, SINCE
BEVERE ACID BURNS COULD RESULT,
KEEF ALL BYSTANDERS AND ANIMALS
AWAY UNTIL THE ACID HAS BEEN
NEUTRALIZED AND CLEAMED UP,

Procedures for Testing

Bpecifie Gravity (spg)

Powar pack electralyte s heavier than pure
water, If a value of 1,000 is assigned for pure
water, the relative welght of an equal volume of
any other substance is called the specific gravity
of the substance. The electrolyte specific gravity
of & new power pack normally varies between 1,110
and 1,275, representing a discharged condition and
a charged condition respectively at 80 F. If the
spg is higher than 1, 275, slightly more ampere
hour capacity will result (increasing range), but
power pack life will be shortensed, While uging the
power pack after a full charging cycle, the apg
gradually decreases to 1,110 when the cells are
fully discharged. Contimsed discharge causing the
apg to go lower than the 1,110 point will shorten
the power pack life, therefore, deep discharging
as wall as overcharging should be avolded,

The hydrometer |8 o direct-roading instrument
usad to measure the spg. To apply the test it is
only necessary to deaw o sample of electrolyte
from a cell, jiggle the hydrometer to be sure
the indicator is floating free, and record the indi-
cated spg. Do not malntain liquid level in the
hydrometer by squeezing the bulb as this gives in-
accurabe readings, The spg readings of the cells
of any power pack unit should not vary from each
other by more than 0,060, If variations do not
exceed this figure and the spg in each cell is above
1,250, the unit is in good condition, Considerable
variation in specific gravity readings (0,050 polnts
or mora) usually indicates sources of trouble in=
ternal to the battery, Specific gravity varies with
temperature, so for correct readings the elactro-
Iyte temperaturs ahould be at 80 F,

Hydrometer Care and Correction

Hydrometers become Inaccurate if not cleaned
regularly. It is a good practice to flush them out
with clean water after use, They should be taken
apart and cleaned thoroughly every two months.
Broken or leaking hydrometer floats provent cor-
rect specific gravity readings. A good hydrometer
will read accurately at electralyte temperatures
of 80 F, For every 10 degrees above 80 F, 0, 004
gpecific gravity must be added, and 0,004 must
be subtracted for each 10 degrees under B0 P to got
véry accurate readings, but this callbration is not
necessary when checking cell opg uniformity,
Hydrometers will not give an accurate reading
whan used immediately afler water haa baan addad
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to the cells, Cyeling the power pack twice after
the addition of water allows the proper mixing
mecessary for correct readings, Hydrometer
repdings ghould be delayed after charging until the
electrolyte temperature falls to B0 F, and no read-
lag eorrection 1s necessary,

Discharge Testing

Two approved methods of discharge testing are
avallable = the automotive-type post-to-post hand-
held tester and the timer-controlled 38-volt dis-
charge toster. Both testers operate in a similar
fashion, i.e., they load the battery under test by
drawing current, and then measare terminal volt-

age.

Posl-to=post testers normally have scales to
indicate the condition of both B-volt and 12-valt
batterias. They are designed to be applied rapidly
by holding the polarized probes securely against
the posts of the battery under test. Leave battery
cables connecled for this test, The indication on
the appropriate scale gives the battery condition
after 3 to 5 seconds as to whether It Is good, falr,
OF poor,

CAUTION: DO NOT HOLD THE TESTER
IN PLACE FOR OVER & SECONDS. BE
CAREFUL HANDLING IT AFTER THE
TEST, BINCE ITS RESISTIVE ELEMENT
CAN BECOME EXTREMELY HOT IN A
EHORT LENGTH OF TIME,

This quick application ability lends itself weall
to field-checking batteries for shorted or dead
cells, but gives no control or Indieation of long
discharging periods, In other words, the post-to-
post tester may show all batteries to be "good",
but the complaint of reduced range may still go un-
resalved, More elaborate battery testing may show
that a battery cell shorts after 45 minutes of use
and is the source of the trouble, The 36-volt dis-
charge tester allows testing 8-voll batteries by
attaching the polarized leads on the ends of the set
of batterlos connected in series and starting the
tester. The timer of the tester giarts immediately
and the unit draws a controlled current of 75 am-
peres until the series terminal voltage reaches 31,5
volts, At that voltage, the timer stops and shuts
off the current. For a good power pack, this test
takos in oxcess of 60 minates. During the test, the
volimeter is used on the 10-VI scale to measure
tha terminal voltage of each battery at 15-minate
inberwvale. This la a comparison check and any
terminal voltage that differs from the others aig-
pificantly (0, 6 volt or more) indicates a battery that
may need replacement,

Either test must be performed only after the
batteries have been fully charged, as indicated by
a specifie gravity measurement of all colls ne
previsusly outlined,

The other function that the 36-volt discharge
tester performs is that of determining if the entire
power pack is capable of supplying o wﬂhd
mumber of amperes for & minimum time,
%ﬂppuﬂ for ELEC= TRM'-: power
pac & to be used for te one sat of
standard or heavy -dufy #-volf batferies only;

6 batteries connected in series,

The tester consists of a Ti-ampere load, a
voltage sensing system, and a means of electri-
cally timing the discharge, This unit will give the
amperg=hour capability of a battery pack when dig-
charged al o constant Th-pmpere rate, which has
been standardized as a test condition for batteries
used in systems such as electric vehicles, Tha
ampere=hour rating assigned o a battery s based
on a discharge current that would require 20 hours
for full discharge.,

Thi cutput of a battery when discharged from
full charge to a discharge measured at 1, 75 volis
per cell will depend on the previous history of the
battery. As a battery 18 used, its capacity will
increase at flrst and than will begin to decrease,
The time of this decrease is also affected by the
kind of use experienced over the battery life, by
the temperature, and by the care and maintenanes
of the battery, The accepled test for end of life is
whon a battery discharges from full charge to 1,75
volts per cell in less than B0 minutes, being dis-
charged at a 75-ampere rate,

This tester is used to indicate when the

ack has reached the minkmum pérformance level,
below which one or more batteries in the power
pack must be replaced, This level regulres a 76=-

rate of discharge to a series terminal

voltnge of 31,5 wolta (18 x 1,76} In less than G0
minutes, Testing for improper charging and‘or
dead cells should be parformed before applying the
discharge test,

Your ELEC-TRAK tractor dealer has the equip-
mont and knowledge required to test batteries and
determine their condition,

1.11 CHARGER

The heart of the charger is a specially designed
tranaformer, Besides the primary winding on the
line or input side of the transformer, the secondary
is conmecbed to the power pack to supply charging
current, and a third winding connected to capacitor
CP2 greates more ¢harging enargy per cycle of ac
power input,
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A more detailed explanation may be appropriate, The secondary winding reduoces the line voltage
Line voltage is applied to the primary winding to a usable charging level which ls then full -wave
through a normally open switch, When the timeér ls  rectified by the action of diodes CR4 and CRS.
turned to the proper "start” position the switch 1s The diodes accept the 80-Hertz sine wave as an
closed, the timer motor starts, and the transformer  input from the secondary winding and output a pul -

is put Into operation. The timer motor drives a sating positive de voltage which charges the power
eam which causes the contacts bo open once the pack, The third winding In conjunction with capaci -
proper time has elapsed. tor CP2 allows the charger to supply a higher rate

of charge for each cycle of ac power inpiat,

BATTERY CHARGER

Fig. 1-8, Battery charger ( schematic) Fig. 1-10, Charger description

- CR4 and CR5 are dipdes - 120 volt, 15 amp aec input for o
= CP2 ia the capacitor = Transformer reduces 120 valta ac o B0/45 volts ac
- Wires #30 to 44 or 30 to 45 will measure about - Capacitor regulates charging rale

45 volts ac when charger 18 on = Maximum draw on 120 volts ac I8 approximately
= Wirea #44 to 45 will measure about 80 volis ac 14 amps

when charger is on = Timer when set to 1-2 years rune about 18 hours
= Wires #2 to 30 will measare about 45 valis de 'buinru it shuts off

when charger is on = Power disconnect must be engaged



TROUBLESHOOTING

PROBLEM

PROBABLE CAUSE

WHAT TO DO

1. Line fuses wre blown
with timer off,

2. Line fuses blow when
charger la lurpad on
with the timer.

3, Charger hums but no
output, or hums with
low output,

1. Short in ac cable.

2, Improper wiring of ac socked,|
milawired timear to charger
connector, short in trans-
former winding.

da, Power dlscomnnecl or fusible
link open,

Ab., CB 2 needs to be reset,

de. Defective CB 2.

3d. Loose wires at CB 2,

de. Loosse wire al heat sink,

1-1%

3a,

3.

id,

T,

Raplace line cord,

Check wiring of cord, timer as-
sambly and connector,

Change the ac cord.

Look for a short in the transformer
leads or meér motor terminals at
the charger connéctor.

Change the timer.

Check for shorted diodes on the
heat sink.

Check for turned primary (input)
winding on transformer,

Cloge pover disconnect switch
{where applicable) eheck fugible
link for burnout, This would
happen only if there is a direct
short across the pack,
Be sure the short is removed be-

fore replacing the fusible link,

Reset CB 2 by firmly pushing on
rid button with thumb, until dis-

tinct "click” is heard. Arcing
when closing or immediante retrip
indicates shorted diode on heat
sink,

With charger off and power discon=
néct opEn, meéasure résistance of
CB 2 terminals. When resot, the
resistance should be zero ohma,

If not, replace CB 2,

Bometimes CB 2 will trip If charg-
ing current 1s normal. A loose
connection at the clreult breaker
will cause excegaive heat which
warms up the breaker and couses
it to trip below its current rating.
The breaker may be okay, but
mogt likely it will have to be re-
placed becmipe of excossive contact
BIOEL0n,

A loose wire at the heat sink will
act as resistance in series with
thi charger and thereby reduce the
charger voltage available at the
batteries,



PROBLEM

PROBABLE CAUSBE

WHAT TO DO

3. (Cont'd)

4. The timer knob can turn
the charger ""ON" and
"OFF," at does not
run itsalf back from
"START" charge point,

6. CB 2 tripping out with

B e pOWEer On.

8, Charger operates okay
but will not turn "OFF."

T

ah.

3i.

da.

8.

Open diode,

One or both diodes are
shorted on heat sink.

Defective capatitor,

Defective transformer.

Timer motor not recelving
line woltage.

Timer motor could be
diafeciive.

This is an indication that a
diode |8 shorted on the héat
gink and drawing power from
the battéry pack.

The timer contacts are
probably welded stut or
shorted,

3,

ah.

31

da.

4b,

An opeén diode on the heal sink will
reduce de voltage of the charger to
15-20 volts output with charger
disconnected from the battery pack.
Replace the heat alnk assambly,
DO NOT REUSE heat sink plates,

If one or both diodes are shorted
the output of the charger will be
0 to 2 volts and CB 2 will not reast,
In this case, replace the heaf sink
nesembly and install a now CB 2,

A defactive charger capacitor will
have same symptoms as shorted
diodes, except CB 2 will not trip.

A defactive transformer can be
checked by ac voltage measure-
ment on the cutput windings. See
Transformer Test,

Check connactor and terminalse
locked in connector.

Replace timer,

Check both dicdes with an ohmi=
méter for forward and reversse
rogistance = sed "Diode Checks, "
Change the haat sink and CB 2,

WARMING: Ba sure line cord is
il and power disconnect
n lor battery eable remove
n abte ng repairs.

Replace with a new tmer,

Charger Troubleshooting

If the charger ls found o be faulty, use the fol-

near the tractor such that the timer can plug
into transformer for operational tests,

{3) Turn the ac power on and move the timer to
the "start"” position, Measurs the de voltage
across test points indieated,

lowing procédure.

(1) Remowe and insulate the battery cable that
goos to the fusible link from the battery
positive termingl | thus removing battery
pack voltage from the charger and the trac-
tor, or open the power disconnect {where

applicable}, a. Remove one or both diodes from transformer

(2) Remove the charger cover, wire #2 and #30 lead test point* 44, 45,
from the charger base, and place the charger ¥ Tesl Polnl will be called T, P,
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Transformer Teést

To tesl transformer ac output for propar valuea,
procead with the following:




Fig. 1-11

b. Remove oneg transformer lead from the
capacitor T.P. 42 or 43,

WARNING: DO NOT ATTEMPT TO
MEASURE CAPACITOR VOLTAGE. DO
HOT TOUCH CAPACITOR OR LEADS,

CAUTION: DO MOT ALLOW THE LEAD
TO TOUCH ANYTHING ELSE.

c. Apply power to the transformer and measure
e voltege of approximately 70 volts ac
across leads removed from the diodes,

T. P, 4B and 44, Also measure 35 volis ac
from each T. P, (46 and 44) to T. P. 53
(the secondary winding center tap).

d. Turn off power and reconnect the capacitor
leads to the eapacitor, T.P. 42 and 43,

&, Turn the power back on, and measure ac
voltage of approximately 90 volts pe and
45 volts ac where TO volts and 35 volts were
measured in C,

Thege values are correct for a normally oper-
atlng transformer, assuming the input voltage
is within gpeelfications and capacitor used is not
faulty,
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Voltage Reading Locatlon Cause y Correction
-

10 to 44 volts de T.P. 81 (+) Charger s snsEEnEsEn
T.P. 53 (- Ckay

15 to 20 wvaolts de T.F. 81 [+) A, Open diode A. Replace heat sink
T.P. 83 (- B, Faulty transformer B. Replece transformer

0 to 2 volils de T.P. 81 (+) A, Bhorted diode A. Replsce heat sink
T.P. 53 (-) B, Shorted capacitor B. Replace capacitor

C. Faulty transformer C. Replace translormer

30 to 34 volts de T.EF. B1 [+ A, Faulty capacitor A. Replace capacltor

T.P. B3 (=) B, Faulty transformer B, Replace transformer

1.

Diode Check = SBee Flg, 1-12 and 1-13

To chock for defective dicdes, uss the following
procedure:

Remove battery pack voltage from the
charger by elther opening the power dis-
connect or removing the battery cable from
the battery pack,

Place the multimeter on the R X 10 azale,
Then, gero the meter by touching probes lo-=
gether and turning zero adjust to obtain a zero
chm indication, If a full scale reading cannot
be obtalned by adjustment of the zero adjust
kmob, then replace the battery inside the
multimeter,

. Low resistance (ohmas) should be measmired

between each diode lead and the heat sink.

With the meter leads reversed, no reading
should be seen. Be sure o measire both
diode leads to the heat sink.

. If zero ohms (full seale) is observed, then

ono or both diodes are shorted amd the hoat
sink must be replaced,

. If low resistance |8 obtained in one direction

and ({infinity) in the opposite direction, then
the dicdes are not shorted, but one may or

may not be open,

. i Transformer Test indicates an open dicde

(15-20 volts output), then clip one diods lead
near the insulated transformer wire and re-
test each diode as in (3) above, A lack of
reading in both directions of elther diode in-
dicates an opén diode. Replace the heat sink.

1.12

BETEERING ASSEMBLY AND DISASSEMBLY
INETRUC TIONS

LARGE FRAME
Removing the steering shaft and pinlon:

1

10,

1-20

» Remove the ateering wheal, plastic spacer,

and washer,

. Remove the lower control panel aceass

COVEr.

Loosen the set collar,

. Remove the tie rods from the gear and sec-

tor nesembly,

» Remove the cotter pin and shims from the ond

of the gear-and-sector assembly shafi,

Reamove the bearing from the front axle
suppoart,

» Ramove the bolts attaching the mounting

bracket to the frame.,

. By sliding the sector shaft forward and the

brackel rearvard, disconnéct the ahaft from
the bracket. Remowve the mounting bracket
from the top,

» Rotate the shaft and seclor assembly 46 do-

grees and remowve from the frame,

The steering shaft can be lowered through
the frame.



Fig., 1-12 Charger heat-sink diode-
resialance mensuremant

Assembly of large-frame steering

1. Install tha set collar and bearing on the

steering shaft and install it through the hole

in the sontrol eabinet.

2, Install the shaft and sector assembly through

the hole in the frame,

d, Install the mounting brackel throuwgh the (rame
(from top] and mate the bracket with the shaft

and segment pssembly,

d, Place the shaft and pinion in the mounting
brackat.

B, Attach the bearing to the front axle support.

@, Slide the mounting bracket as (ar forward as

possible and tighten the bolls,

Fig. 1-13

Charger heat-sink diode-
repistance measuremant

T.

STEE ik BEARI WD
=T COLLAR

TiE Rl
L v

H-I.I..'I‘. Pl L ATEER|HG SHAFT

AMD PIMICH

iy P

COTTER M8

LI
MOUATIR ISRACKET
BEARWS

Fig. 1-14

Tighten the bearing and set collar on the
stedring shaflt, The set collar prevents loss
of steering, since it holds the pinion into the
sagrmant,

Install the tie rods.

. Bafore installing the cotter pin to the rear

of the shaft and segment assembly, add
shims to adjust for proper gear sector and
pinion mesh, Gears shouald not ratchet under
load.

18, Replace the lower control panel access cover.

11,

Inatall the washer, plastlc spacer, and sleer-
ing wheel,

EMALL FRAME

Digassembly :

CAUTION: BEFORE STARTING DIS=
ASSEMBLY, DISCONNECT AND INSU-
LATE BATTERY CABLE #2-01 FROM
POSITIVE POST OF BATTERY B2
AND REPLACE BATTERY COVER.

L.

2
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Remove the steering wheel and plastic
Spacar,

. Remove the gear shift knob and motor
compartment cover [ foiir balta),



4, Install the steering assembly lnio the tractor
by putting the shaft of the shaft and segment
aasembly into the bearing in the battom of
the tractor. If the shaft and segment was not
removed, install the washer and dowel pin at
this tima,

5. Replace the bottom sbeéring arm.

6. Positlon the dash sompartment over the
steering shaft and replace the four bolts,

Replace the plastic spacer and the steering
wheel.

- 8. Loosen the set collar, allowing the shaft and
Pig. 1-15 plnion to engage with the gear sector, The
3 gpring will keep the gears properly meshed,
Relocate the set collar on the ahaft (1 inch
above the bearing) and retighten,

3, Remove the two screws and the lower control

panel, Disconnect plugs J-3 and J-4, Tt 7. e b i
4. Unbalt the daah compartment and 1t off over panal,

e g i 10, Install the motor compartment cover and
5. Remowve the steering arm from the bottom of genr -ahilt knob,

the shaft and sector assembly. 11. Connect the battery cable # 2-01 to the posi-

tive post of battery B-2, Install the battery

NOTE: Only f shaft and sector need to be covara and hold-downs,
replaced.

1.1 TRANSAXLE REPAIR

8. Lift the steering shaft support plate and both

taacing: ity vt oF Bt Beathe: In=warranty transaxle répairs on all ELEC-

TRAK tractor models are to be performed by
Tecumsah-Poarless inctory authorized outlets,
NOTE: If shaft and segment assembly are The following procedures should be followed on

not to ba changed, remove the dowel pin FopaLre:

before lifting out the steering shaft sup- % 4
port plate, and the shaft and segment as- a. Locate the nearest Tecumseh-Peerlesa rep

resentative {rom the telephone yellow pages,
sembly will stay in the tractor. listed under "Engines - Gasoline”, (Some
ELEC-TRAK tractor dealers may also be

7. Remove the shaft and pinion aseembly by Tecumseh-Peerless representatives, )

loceening the set nollar. b. Make arrangements with the factory repair
outlet to have the unit repaired. The com=
B, Ramove the shaft and sector assembly by re- plets tractor, If posstble, should be de-
i moving the dowel pin. itvered to the repair outlet. Evidence of
z tractor date of sale should e presant
e to assure the warranty is in effect.

1. Tighten the bearings on the support plate,

., If the unit is in warranty, the factory outlet

2, Install the shaft and pinion assembly, com= L‘g"‘""‘"“l:'u T the
press the spring fully, and tighten the set ge.
oollar #0 that the spring stays compressed. d. Claims for in-warranty labor and parts
3. I the shaft and segment has been removed, will not be paid by General Electric. All
replace the spacer on the segment shalt and repalrs performed by non-lactory
install the shaft into the bearing. Place the authorized outleta will vold the transaxle
washer and dowel pin in place, warranty and are not relmbursable,
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BHAKE DISK

Flg, 1-10 Moe-Cast Callper Brake

1.14 BRAKE ADJUSTMENT (Large-{frama
Tractors)

Two types of brake calipers are used on large
[rame tractors,

Brake Adjustment - Me-Cast Caliper

1. Block the ront wheels and move the range
salector to meutral,

2, Lift the rear tractor wheels clear of the
ground with a propér capacity jack (1000 1b
rating] and add a safety block to back up the
jack,

3. Remove the rear wheel on the brake side of
the transaxle,

4, Remove the colter pin that locks on the brake
adjustment nut (castle nut), Refer o
Fig. 1=18,

3. Turn the adjustment mut until it is finger
tight,

10,

11,

Back off the adjustment not countereloekeise
until a very slight drag is felt whan rotating
the brake disk by hand,

. Replace the sotter pin,

Check © be mare the brake digk 1s fres with
very little drag by rotating it manually,

. Heplace the wheel and lower the tractor,

Test the brake function for more effective
stopping and firmer pedal prossure,

Proceed to BRAKE SWITCH ADJUSTMENT.

Brake Adjustment - Steel Caliper

1-23

L.

2.

Block the front wheels and move the range
soleclor o neatral.

Lift the rear tractor wheels clear of the
ground with a proper capacity jack (1000 1hb)
and add a safety block o back up the jack.



" i. Remaove the rear wheel on the brake side of and corrected U necessary, Proper brake awitch

the transaxle, adjustment should be determined as follows. Apply
1 full selection of the throttle in the highest
4. Remove the cotter pin from the brake clevis speed range (D2) on level ground.
¢ ﬂ.- h'hl I-ITI
)
| §, Romove the brake clevia pin, CAUTION: BE SURE THE AREA OF
| TRAVEL IS CLEAR OF OBSTRUC-
: 6. Rotate the brake clevis to shorten the brake TIONS AND ENOUGH DISTANCE IS
linkage. Shorten until the brake drags (test PROVIDED FOR STOPPING,

by manually rotating the brake disk), then
back off one=half tarn at o time until brake
drag is minimal, but not eliminated. The Onge top speed is achieved, glowly depress the
clevis and clovis pin must be relnstalled brake pedal and observe the Power Use gage.
temporarily to check brake drag. When the nesdle of the Power Use gage increases
to the Green-Yellow border of the upper range, or
7. Reinstall the clevis, clevis pln, and cotter one -third of full -scale, the drive motor should

pin on the brake actuating lever, turn off.

B. Reinstall the wheel and test brake function I adjustment is necessary, locate the brake
for more effective stopping and firmer pedal  switch mounted on the underside of the frame im-
pressure, mediately to the right of the brake pedal. Notice

that the switch is actuated when ita lever arm is
deflected as the brake pedal is depressed. During

1,15 BRAKE SWITCH ADJUSTMENT thie actugtion, the lever arm rides on a shoulder

bolt mounted on a slotted pawl, (See Fig, 1-18,)

As part of any brake service procedure, the It is this bolt that must be repositioned in the slot
brake switch adjustment should also be checked to adjust the drive-motor ‘brake cut-off point,

Fig. 1-17 Bteel Caliper Brake
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Fig. 1-18 Die-Cast Caliper Brake

Generally, the brake switch ls adjusted properly d. Retest the brake and measure for 1./4-inch
when approximately 1/4-inch of brake pedal arm travel as required,
travel remaing after drive power has been switched
off by the actuation of the brake switch, This 1/4 4. Repeat steps 1 through 4 U required.
inch should be measured on a perpendicular ling
ﬂﬂ“ﬁlﬂu g oz o WARNING: FAILURE TO PROPERLY
g ADJUST THE BRAKE SWITCH COULD

With the switch and caliper unit properly ad- CAUSE m.ll"trm ;um'lgn!grm'lfn

justed, drive power can be restored while main- PECTED TRACTOR STARTUP UPON

talning the mechanical braking of the tractor by
ﬂ'ﬁ”"‘"ﬁ“""mm This allows the RELEASE OF THE BRAKE PEDAL,
switch to return to its unaetuated position,
1. Loosen the shoulder screw, 1. Block the front wheels and move the range
mmuﬂ“wi
2. Reposition the shoulder scrow in the slotted
and tighten it in place. Move the screw 3. Liftthe rear traclor whoels clear of the ground
rward to delay scteation of the brake with a proper capacity jack (1000 Ib rating)

switeh, and add a safety block to back up the jack,
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3,

i,

Fig. 1-189

Loosan the locking mit (see Fig. 1-18) localed
behind the brake sdjustment nut,

Turn the brake adjustment nut clockwise to
ghorten the effective brake rod length. Tarn
the adjustment nut at one-half turn intervals,
Check brake pedal travel after each interval
until decreased travel is noticed under full
pedal depresalon,

. Retighten the brake adjustment locking nut

and lower the tractor to the ground.

Test brake function for improved stopping.

TAKE - UP
AXLE

CAUTION: ADJUSTING BRAKES TOO
TIGHT WILL INTERFERE WITH
PROPER DECLUTCHING OF THE
TRANSMISSION, REDUCE THE TRAC-
TOR RANGE BECAUSE OF "DRAGGING”
BRAKES, AND GREATLY DECREASE
BRAKE WEAR-PAD LIFE,

1,17 LIFT STRAP REPLACEMENT

The lift strap 18 replaced as follows

1. Detach any front mountéd accessory mounbéd
Move the tractor so that there

to the tractor.
is approximately 4 feet of working room
around thé front of the tractor,

2. Remove the four carriage bolts attaching the

front bumper o the frame and lower the
electric 1ift unit to the floor. (Bee Fig.

1=20.) On some models, wire slpck may b

insufficient to lower the electric 13t unit
from the tractor frame, In this case, the
three wires feeding the unit must be dis-
ponnectod bafore lowering.
track of connection locations,

3, Remove the lower spacer the plastic belt

guard rosts on, then remove the plastic belt

guard, See Fig. 1-21,

UPPER GUIDE
LIFT STRAP

Fig. 1-230
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Fig. 1-21

4. Remove the cotter pin from the 1ift spool and
glide the large guide washer away [rom the
Lift belt,

§, Unroll the 1it strap from the spool as illus-
teated in Fig. 1-22,

6, Btraighten the ends of the belt retaining clip
and pull the belt and clip from the spool.
Remowe the clip from the end of the belt,

7. Place the clip through one of the loops on the
and of the new 1ift strap and re-insert the
clip into the spool boles. Bend the clip ends
over as bafore,

8, Reposition the guide washer, replace the col-
ter pln, and replace the plastie bell guard
and spacer,

8, Thread the lift atrap as shown in Fig. 1-23
and remount the electrie it unit to the
tractor,

Fig. 1-22

LIFT STRAP THREADING
FOR MODELS EQUIPPED WITH FRONT ELECTRIC LIFT

TRACTOR BUMPER [_LL

MOWER MO I L | R SR .
| (G b N
i r.-’ = II.-" ."x__ b ek S
II| ]
IJ' 4 *~ SNOW / DOZER BLADE
I . ]
£ T
v \ i
IMPLEMENT
DOUBLE PURCHASE THREADING
ATTACHMENT  snow THROWER, FRONT
POINT PLATFORM LIFT, ETC,
Fig. 1-23

10, Activate the lift switeh on the dash to the
"UP" position, thus rewinding the 11t strap
on the spool, If the lift strap ralses in the
wilteh "DOWN" position and vics-vorsa,
then use the followling procedure for reversal
of direction. Hold the lift switch in the “UP™
position until the 1ift strap (s fully unwound,
Continue this sction and the strap will re-
wind itsell on the spool, thus acting In the
game direction as indicated by the lift switch
maoda,

1.18 BELT TIGHTENING

With the belt{a) properly adjusted, a 10-pound
foree will deflect a belt approximately 1/4 inch.

If increased tension s required, proceed as
fol lowra:

1. Loosén the four carriage bolts holding the
motor plate, Insert a 1/4=inch wedge under
the forward (rear on E1ZM model) part of the
mofor plate, and retighten the bolts finger
tight,

2, With belts in place, force the motor mounting
plate away from the transaxle as far as pos-
sible, Tighten the two carrviage bolis nearest
the transaxie,

3., Remove the 14 inch wedge, and tighten the
remaining two carriage bolts,

4, Recheck belt tension as outlined,

If it becomes necessary to replace one belt, it
is recommended that both belts be replaced so
drive power is shared aqually.
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1,15 MECHANICAL COMPOMENT LOCATIONS
(Large=- Frame Tractors)

e

BRAEE
BBIUSTMENT
HUT

Steering Typical Fronl Axle

Typical Transaxle (Peerless 2300 Series)
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)

L0 ELECTRICAL COMPONENT LOCATIONS
(Typleal Large-Frame Tractors)

MATOR COMPONENTS

LOCATION OF
MAJSOR

= Power Pack - 5ix 8-Volt Betteries

= F G -} 0y F |
Battery Charger = 120 Volts ac to 40 Volts de ELELTRICAL

- Electric Lift - 1B Volts de SOMPONENTS

= Drive Motor - 36 Volls de

= Control Panels - 38 YVolls de

= Speed Control = 38 Vaolte de

Location of Major Electrical Components

'"Tmﬂi:;ﬂlﬁ 18 VOLT LIFT COAT ALL TERMINALS
GROLE FROM B2 MWOTOR COMMECTION  AFTIN COMMECTING

"y

I WOLT LIGHT

BATTERT B4 comnPCTION

Hear Power Pack Sectlon Hear Power Pack Secllon (Cover Removed)

CURRENT LINMETER CIRCLNT BREAKER SR&lER
I:':'m_ﬂ:ﬂ? . . [EE=21 e mr%_rliah BATTERY @2
IF AT T FREVERTE
OENTPIGYSN.  RATTENY TTERY Chse

QE=RTE |

FETO CUTLET AOCERBONY CUTLET  "WusE muocK

L

Front Power Pack Section Front Battery SBection (Cover Removed)



FUSE ELOCH ar
LIOHTH 30 AWP 1
CONTROL 20 WP

LT 30 AP 50 B0

WATICALLY WHEM IT COOLE DEF |

i ET,

- |

Upper Control Panel E15 (2BAE1SAA - 26AE15GA
(Rear 8ide) Hood Open = Panel Down

E-118

The E-1358 Control is like the E-15 except the E-138
does nod have a field weakening relay (FW) or card #3.

QRCAT
Fo® CHAR
ALY e

o=

<R _NRD

EARD Wb GUTLET
REVERSE RELAY

ik
Upper Conlrol Panel E-125
(Rear Side) Hood Open = Panel Down

—
CIWTR USE TALTGE

Dash and Lower Control Panel

caw

WINE CONRICTORE
FRTTEE BT TOE — SWITEM HOIERG
dpeed Control
HOTE: THE SPEED CONTROL INITIATES ALL
ELECTRICAL SPEED VARIATIONE,
FORWARD AND REVERSE,
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REVERSE GEAR

SECTOR
GEAR
|
| SWITCHES AND
- IDENTIFICATION
I
Speed Control (Side View) Bpead Control (Right Side)
.3 ELECTRICAL QOPERATION CONTROL SECTION COMPONENTS
(Typical Large- Frame Tracltor)
Speods Speeds
Forward Reverse
E-12 - | 3
= Bpoed Control
E=-15 T |
- Contactors - L, 1A, 24
= Relays = Fleld Weakenlng® (FW); Reverse (Rev)
= Clircuit Cards #1 and #3*
= Curreénl Limiters - B] and K2
“*Does not apply to E-128
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SPEED CONTROL SEQUENCE

Lever Position

Forward E:m:.laclur.-"ﬁwkt:h Rosults
1 Start L' Fower to drive motor, nl & Ry in cireuit
i 1A Aypass Ry current limiter, Ry in circuil
3 (maximum field = ZA Bypass Ry current limiter, FW* rolay

maximum torque) plcks up, (FW contacts open)
g FW, Field Limiter 4 in field)
T Fwsa Flold Limitar § in flald)
ON CARD 43

B FWy Field Limiter 6 in field)
™ FWy Field Limiter 7 in Held)

Reverse

Left-hand Neutral Reverse Switch, reverses motor fleld polarity
1 Btart "L" Power to drive motor, Ry & Ry in elrcuit
2 1A Bypass Ry current limiter, Ry in clreuit
3 imaximum fleld - 2A Bypass Ra current miter (FW* will pick up)

maximum torguel
*Does not apply to E-128

E-15 CONTROLSE WITH WIRING

= P, T.0, Contactor I8 Energlzed When P, T. O. Bwitch Is Turned ON,
- Shunt is Required to Connect Power-Use Meter (Amp Meter)

CONTALCTOR L

COMTACTON 1&

TORTLCTOR 2A



1. 22 DRIVE-MOTOR OPERATION
(Large=Frame Tractors)

CONTROL OPERATION
Forward Speeds 1, 2 and 3
=Power disconnect engaged
-Key on, on seat, and brake off

=First speed control position L (Start) switch on
the speed control closes, supplying power to the
L eontactor coll and the L contacts close - the
teactor starts, R1 and B2 in mofor circuit.

=Second speed control position, 1A switch on the
speed control closes, supplying power to the 1A
contactor and the 1A contacts close - BRI current

Hmiter bypassed,

<Third apeed control position [(Drive), the 2A
pwiteh an the speed control closes, supplying
power to the 2A contackor and 2A contacts cloge
= B2 current Umiter bypassed. The feld weak-

ening relay (FW) picks up,

=Onee any of the above contactors is energlzed, its
contacts stay closed until the speed control lever
is moved back toward neutral, removing power
from Ita coll.

ELEC-TRAK

PRIFE WMOTOKR

REVERSE OPERATION

=Move the speed control lever to left neutral. The
reverse switch energizes the (REV) reverse

relay.
-Reverse relay reverses the motor fleld polarity.

-Heverse contacts shown closed (£) are opened (=),
and the reverse contacts shown open are closed,
The tractor molor now rotates n reverss, allow-
ing the tractor to go backwards,

-First speed control position in reverse - the L
(Btart) switch on the spoed control closes, Bupply-
ing 36 volta to the L contactor coll and the contacls
close = first reverse speed. R1 and B2 in motor
clrcuilt,

-S¢cond speed control position (n reverse - the 1A
gwitch on the speed control closes, supplying 36
volts to the 1A contactor coll and the contacis
cloge = second reverse speed. Rl is bypassed.

=Third speed control position in réeverse = the 2A
gwitch on the speed control closes, supplying 36
volta to the 2A contsctor codl and the contacts
eloge = third reverse apeed. R2 is bypassed.

=The three speeds in reverse use the same switches
and contactors an the [irst three lorward spoeda
excepl the {ield polarity is reversed by the reverse
relay,

E
E

ELEE= FIRAN P VE MOTOR DYIPOEFT




TRACTOR SPEEDS

E-128 - Three Forward and theee Reverse spesds,
using L, 1A and 2A contactors and switches.

E-15 - Has seven Forward speeds
= Firat threse uss L, 1A and 24
= Last four speeds - by adding current
limitara in motor field - B4, RS, RE,
and BT on Card #3,

E-186 Forward Speada 4, 8, 8, and 7

=The field weakening (FW) relay is energized in the

drd speed control position, opening the FW
contacts,

=Speed control in 4th position - the FW1 switch
apéns on the speed control, which puts current

limiter R4 on card #3 in the drive motor field,

-Bpeed control in 5th position - the FW2 switch

opens on the speed control, which puts current
Hemiter BS in series with B4 in the drive motor
field,

=Bpeed control in Bth position - the FW3 switch
opena on the speed control, which puls current
limiter R on card #3 in series with R4 and RS,

=Bpeed cont rol in Tth position - the FW4 switch
opens on the speed control, which puts current
limiter BT on card #3 in series with R4, RS and
R in the motor fleld,

~Each time one of the above current limiters is
pdded, the fleld voltage 18 reduced and the motor
speed increases.

ELEC-TRAK
DRIVE
MoroR

PR
4

ELEC-TRAK CONTROL

= The flrat thres apeeds forward and reverse use
the same switches and contactors (L, 14, 24)

= When the speed control is moved to reverse, the
reverse relay picks up and reverses the motor
field polarity, causing the tractor to go back-
wards,

= The E-128 control only has L, 1A and 2A com-
ponents, card Mo, 1 and reverae relay,

= The E-1% has same [tems as E-128 plus a fleld
weakening relay, card No, 3 and corresponding
switches,

= The current Umiters on card No. 3 (Ry, Hg,lﬁ?
and Rq), the Held weakening relay (FW} an
gwitches on speed control, directly control the
dth, 5th, 8th and Tth speeds on the KE-18,

CARD #1

All "Return to Neutral™ and Time Delay Clircuita
are on Card #1 .

= Return to neutral - Operator must reburn the
speod /control to neutral if in the speed position
when he leaves the seal, opens the brake switch
or turns the key off, If the P, T, O, swiitch s on
when getting of{ the seat or turnlng key off, the
P. T. Q. switch must be turned "off™ and back to
thie "Cm" poailion,

= After the 1A and 3A swilches are closed, there
iz a time delay before the respective contactors
are energlzed,

= Tha input for the P, T. O, and the L contactor
colls goes through card Mo, 1 to supply the
"refurn to neutral" function,
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A . .

= The input for the 1A and 2A contactor coils con- = The (REVERSE) coil input goes through card No,
trol input goes through card Mo, 1 to supply the 1 to prevent rapid speed/control movement from
Hme delay for these contactors, The 1A con- forward to reverse, [If the speed control is moved
tactor energlzes about 1 second after the 1A too fast from forward (above 3rd speed) to re-
gwiteh i closed, The ZA conlactor energlzes verse, the reverse Relay coll (REV) and L con-
about 1 second after the 2A switch 15 closed, tagtor coll will not energize, The operator must

= The FW coll is aulomatically energlzed a mo- return speed control lever to noulral and then to
ment after the 2A contactor is energized, reverse to move the tractor backwards,

CARD a1
Return to Meutral and Time Delay

"+ Bwitches on speed control
+ Does not apply to E-125

TWO BASIC CIRCUITE ON CARD #1 - Reverse Relay - if speed control is above
third speed, (2A) and the speed/control is
Return to Neutral moved boo fast into reverse, the reverse
relay and L contactor will not plek up,
= Speed [Control
= P.T.Q, Outlet BASIC COMPONENT ON CARD #1
Time Delay = The BCH will nol conduct until the gate is pulsed

with current,
= 1A Contactor (1 second)
= Onee the coil current is interrupted, it will not
= ZA Contactor (1 second) conduct until gate is again pulsed,
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SEMICONDYCTOR SWITCH-5CR

RETURN TO NEUTRAL CIRCUIT

RETURN TO NEUTRAL CIRCUIT

= With the PTO awitch off, capacitor Cj is charged
by the 36-volt power pack,

| - When the PTO switch 1s on, the eapacitor dis-
| :.I:tlrgeu through the resistors and fires the SCR
L

= The SCR conducts and the PTO coll is energized,

= When the cperator gets off the seat, the cirouit
is broken, and the PTO Is de-energized,

= When the oporator gets back on the seat, nothing
happens until the PTO switch is turned to "OH™
and back "ON",

= When the PTO switch 18 turned off, the capacitor
charges, Turn on switch fires the gate - PTO
coil energizes,

- Similar circuit is used for the speed/control re=
turn (o neulral function,

TIME DELAY CIRCUIT
= Uses the BCR bul delays firing of the gate,

= Firing of the gate is delayed by using transistor
with resistor network.

= Time delay can be varied, depending on value of
cpacitor and redlator in series,

FRONT LIET,
LIGNTS
AND

2.ro

1.23 COMPONENT TESTING

The following aet of pictures and captions illus-
trates component troubleshooting using a multi-
tester (VOM) on an E12 tractor, and should be used
as a guide for troubleshooting all similar components
on all model ELEC-TRAK tractors,

1-36



RELAY AND CONTACTOR
TROUBLESHOOTING

]
1. Multitester reads 36-volts at small studs 2. Multitester reads O-volts at small studs
(coils) of 1F contactor when speed {coil}) of 2R contactor when speed con-
control is pushed forward. trol is pushed forward. 2R coll energizes

only in FEVErse.

3. Multitester reads O-volts at large studs 4. Multitester reads 3B6volis on front
[contacts] of 1F contactor when speed terminals of the relay coil as soon as
control is pushed forward. O-wolts relay is energized.

indicates contacts of 1F contactcr are
closed. 36-volts in the same position
indicates contacts opean,
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SWITCHES, CIRCUIT BREAKERS AND
FUSE TROUBLESHOOTING

2. Multitester reads Owolts across key B. Multitester reads 36-wvolts across key
switch terminals when key switch is switch terminals when key switch is
closed and tractor is in normal operating opén and tractor is in nofmal operating
condition, condition,

7. Multitester reads O-wvolts across fuse 8. Multitester reads 36-volts across fuse
holder when fuse is good and in the holder when fuse is not in holder or bad,
halder.
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Multitester reads O-volts across power 10. Multitester reads 3B-volts across power
disconnect terminals when power dis disconnect terminals when power dis
conmect is engaged CONNECT is out,

Multitester reads J6-volts across wires 16 12. Multitester reads O-volts across wires 16
and 41 to the reversa switch terminals and 41 to the reverse switch terminals
when speed control is in a forward when speed control is im tha ravarsa
pasition (switch is open). position (switch is closed)
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13.

15,

Multitoster resds 38-volts across the 14
switch terminals when speed contral is in
neutral or the first speed [switch is
opan},

Multitester reads Owvolts across CBZ
cireuit breaker terminals (breaker s

closed) when tractor is operating.
Multitester would read 36-volts across
CB2 eireuit breaker terminals if it
neaded to be reset (breaker is open),
Open only while recharging or using
AcCessory receptache,

14,

DRIVE MOTOR TROUBLESHOOTING

Multitastar reads Ovolts scross the 14
switch terminals when speed control is in
the second speed or third speed [switch

15 closed).

16. Multitester reads 28Bvolts across motor
armature terminals in Tirst spead,



17 Multitester reads 32-volts Scross motod 18, Multitester reacds 36volts across motor
armature terminals in second speed armature terminals in third speed.

18. Multitester reads 36wolts in first three 20. Multitester set on RX10 wires dis-
speeds on wires 62 and 22 on Flug 3 connected from motor, Fullscale de
connecting the motor field. flection on multitester across motor

armature terminal is normal




21,

23.

Multitester st on RBX10 wires

connected from motor

the motor field is normal

Multitester set on RX10 wires dis-
connéctéd from motor. One  probe
placed on wires 62 or 22, connecting
tha motor field: the other probe phpm_ld
on & scratched portion of the motos
case, Approximately oo ohms reading
on the multitester 15 normal. More than
1/2-scale deflection indicates the motor
field is shorted to the motor case.
(Picture shows shart.)

dis-
A ppros imately
16 ohms reading on multitester from
wire B2 1o wire 22 on plug 3 connecting
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24,

Multitester set on RX10 wires dis
connectsd from motor. One probe
placed on motor armature stud, the
other probe placed on scratched por
tion of the motor case. Approximately
= gphms reading on the multitester is
normal, More than 1/2-scale deflection
indicates the motor arrmature shorted
Lo the casa, (Picture shows short.)

RX10 wires dis-

Multitester set on
connected from motor, One  probe
placed on wires 62 or 22 connecting
the motor field, The other probe placed
on the motor armature stud, Approxi-
mataly == ghms reading on tha mult
tester Is normal. More than 1)2-3cale
deflection indicates the motor armature
i3 shorted to the motor field. (Picture
shows short,)



1. 24 TROUBLESHOOTING PROCEDURES

For those who have had relatively little experi-
ence in the troubleshooting of the ELEC-TRAK
tractor, additional information is offéred o clarify
some of the terminclogy and procedures used,

The abbreviation NOC is used often in the
Troubleshooting Guide, This stands for “Normal
Operating Conditions” and means that the power
disconnact shoudld be engnged, the key switch
eloged, and the range selector ([ransaxle) in neu-
tral unless directed otherwise,

Indirect or automatic switching is done with re-
lays and eontactors, Gensrally, contactors handle
the high-current switching amd reélays are for much
lower currenls, Both can be energlzed or molivabed
by applying voltage to their coil terminals. Con-
tact palra, found on the relayes, are usually eombl=
nations of normally-opén and normally-closed
contacts,

The troubleshooting guide suggests a systematic
voltage mensurement approach, For example,
refer to the troubleshooting section entitled Mo
drive-motor torqua in forward., Reverss opara=
tion OK" for the E1S, The first step requires you
i visually determing if the FR relay enargizes in
forward. I the relay does not energize, a quick
voltage measurement at the FR coil (wires 13 and
11) when It should be energlzed will astablish
whether there is continuity inm the eilrcuit, If 36-
valta de is presant, the coll must be defective, so
the relay should be replaced. If no voltage is
present, systematically move one of the volitmeler
probes to new tast points closer to the power pack,
One such point might be wire 13 on the FR nor-
mally open eontact whils malntaining the negative
probe on wire 11 at the FR coil. If 36-volis de is
avallable at thess pointa, but not at the FR coll,
the fault must be in wire 13 between the FR con-
tact and the FR coll,

Most electrical troubleshooting is done by trac-
ing the clrewitry on the troubleshooting sketeh for
the appropriate tractor model to find logical volt=
age and contimiity chack points,and the procedures
given in the troubleshooting charta,

The troubleshooting aketeh 18 a comblnation
schematle drawing and wiring diagram. It shows
not anly the electrle -slectronie elrouita of th
tractor, but the location of wire connections, plug
and jack pin ldentifications, wire number coding,
and notes in various areas that ald troubleshooting.

Far example, locate fuss FU2 In the 1T clreult
on the E15 sketeh, Immediately, it is determined
that the fise I8 a 30-amp alo-blow with threa wires
connected to one end and one wire to the other, In
following the wires, It im ghown that the single wire

is coded "17"" and is terminated in plag 1 pin 1
(P1-1), The three wires at the other end are
coded "5". They are terminated at the L contac-
tor, Pl-4, and the Fuel Level Gage, Inapection
of that fuse in an E15 will verify this information,

Areas of the skelch that are enclosed with
either solid or dotted lines are modules or por-
thone of mocules; 1.6,, YR-1 acroas the drive=-
motor field is a component which is mounted on
Card 3,

Knowledge of the currents involved ln various
clrewils will often help in identifying wiring O the
sam# code nomber occurs on several wires, For
instance, 1A contactor contacts terminate three
mamber & wires, Since two of these wires supply
armature current o the deive molor UL I8 neces-

gary that they be of a heéavy gage. The third wire
luppllu flald current and thus may be a much
lighter gage. The PTO and drive-molor arma-
ture circults are drawn as beavy lings to represent
high-current clrculls,

Alwnys charge the power pack and chack all
fuses bafore beginndng a troubleshooting progedare,

Many of the tests to bo performed and the steps
to be taken must be carried out in the propar
fashion ln order to produes réliable resulls. For
ingtance, measurements to printed circuit termi=-
nal pada are quite often required, and if the actual
measurement is made to the terminal instead of
the pad, the “"open" may be at the pad-terminal
connection and the card might be replaced unne-
cossarily. The speed control position called for Is
also yory nocessary to produce good resulta,

If open wiring I8 suspected, don't ignore the
plug and jack connections involved. These con-
nectors may become unlatohed from the housing
and cause an open conngction. Whenever a test
involves opening any connectlons, close the con-
noctions before procesding (o the next stap,

The troubleshooting gulde utilizes test points
that are readily ncceasible and easily identifiable,
Therafore, if multiple faillurea ocour In the same
test area, the troubleshooting procedure should be
repeated to locate each fallure. Wherever voltage
teat polnta are called out, the positive polint Ia
mentioned firgt unless otherwise noted.

As a final word of caution, if any component is
raplaced or rewired and failures are experienced,
carsfully recheck the wire coding for correct lo-
cation.

If a specific problem (s not listed, problems
ligtad with simllar symptoms may give some in=-
slght Into possible areas to examine or the pro-
cedurs to usa,
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1. 25 HOW TO USE THE TROUBLESHOOTING CHARTS

Locate the appropriate symptom in the box at the top of one of the charts, Follow the line from box
to box as the test results obtained indicate, When you reach a dead-end box on the chart, make the repair
indicated, or go to the next chart listed in the last box,

Power pack does not charge fally
as indicated by low BFG readings
of each cell after charging.

Find symplom hers

Does the mamal reset circuit
breaker, CB-2, open whenover
the power disconnect is engaged ?

Lo

If yes, check each heat sink
dicde for a "short” In each
direction as opposed the normal
ghort in ong direction only,

a— Drawing reference is for
halp in traclng wirlng

Make test, follow to
#— appropeiate box for result
obtained, for instance ...

Replace heat sink assembly
if oné or both diodes are
shaorted.

QKE, &0 check

as indieated —* former for 110 VAC,

If no, measure for 40 VIO output Sy .
of charger with power disconnect (4— w'“‘"‘"
disengaged. _ test
If OK, check posltive and If mot OK, check heat slnk
I'-'Lml‘.:'-'l 'Iﬂ.::l from diodes for "opens'’ in sach Mot OK, &0
thw'.r h prwEr pqﬂt' direction as ﬂppﬂlld to the ‘—mﬂtﬂ test
normal open in one direction denscribed
only.*
Repair faulty wiring or ;
replace defective com- ¥
ponent, il
i
If OK check input of trans- I not OK, replace heat sink
assemhbly.
"=:j:
If OK, replace charger If not OK, check timer switeh, | ot ':E_
assembly, line cord and associated wiring ';E“EL
for continuity and repalr as il .
r“uiml hara and
repalr

* Since both diodes are in parallel, one of the diode wires must be removed before elther diode can be
checked for an "open”, Removing a wire ls mot necessary to check for a short,

Use instructions in the GENERAL INFORMATION and text for appropriate model to find specific
assistance in making the required tests.
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ES8M, EBHM, AND EIOM ELEC-TRAK TRACTORS

2.1 ESM/E10M THEORY OF OPERATION

A bagic explanation of the EBM /E10M circuitry
i usually helptul In making the detalled thoory
easier to understand, The block disgram in Fig.
21 I8 o simplified represantation of the entire
tractor circultry, Motiee how the funetion Blocks
are interconnacted,

After the house voltage is fed into the charger,
it I8 chamged to an appropriaste de voltage and is
then fed to the power pack to recharge the cells,
Tha connecting line returning to the charger lndl-
cates that a sample of battery condition (s used by
the charger to properly meter charger output cur=
rent,

The accessory réceptacle is wirsd directly to
the power pack and is shown that way in the dia=
gram, Actually, a elrcull breaker Ia also in this
cireudil, but for this explanation the receptacle is
considered wired direct to the power pack,

Electrical accessories are also powered by the
power pack, bul manual switching must be per-

HOUSE VOLTAGE

formed to operate these devices, The line drawn
from the manoal switching block o the automatic
control block represents the control of all other
manaal switches, Thase lnclude the key switch,
PTO switch, seat switch, brake switch, and clutch
switch, All of these swliches deliver commands
o the drive motor or PTO operated equipment,

Buceeéssiul troubleshooting of the ELEC -TRAK
tractor requirés an understanding of the electric
elrcults and méchanics lovolved in normal opéra=
tion, Major areas that usually require instruction
are: 1) start clrcult, 2) PTO circuit, 3) charger.
These three areas will be discussed individually,
bt with nttention directed to the overall trnctor
response, The broubleshooting skebch should be
closely followed during the explanation,

Start Clreult

The EBM /E10M start circuit is relatively simple
compared o the E16 or E20 tractors, Refer to
Fig. 2-4 and notice that with the seat switch closed
and the key switch turned to "On'"', as scon as the

ACCERRORY

y

CHAMGER

FOWER PACK

MECEPTACLE™

ORIVE
WOTOR
AUTAMATIC
SWITCHING
HWE
1' MOTORS
il AND
FTO RECEFTACLES®
WEMNLIAL
SwiITCHING

FOPFTIONAL ON E8M
ROOATiDMAL O EIOW DMLY

|

OFTIONAL
BLCESSDRIES

Fig. 2=1. ESM/E10M hlock diagram




FIO CONTRCTIN

CRIUT BREAER CB-2

Fig., 2-2. Upper control panel

clutch switch is closed the L coil is energized,
The elutch switch is physically mounted on the

transaxle agsembly and is actuated when the clatch/

brake pedal is depréssed,

When the L ooil 1s energized, the two normally
open contacts close, Contacts “A" bypass the
glutch switch and "seal-in"' the voltage to the L
goll, The cluteh/brake pedal can now be released,
allowing the clutch switch to open, and the contac -
tor remains energlzed, Contacts "B are also
closed. This allows power to reach the drive mo-
tor, which now runs, MNotiee that there is no fleld
voltage required for motor operation, as there ls
for the larger unita, The reason is that the motor

%“ LE

Fig. 2-3.

Deive aystam

is a permanent-magnet type, similar to the mower
motors, 8o U needs only armature voltage for op-
aralion.

The L contactor coll voltage can be interrapted
by turning the key switch to "Off"' or by leaving the
goat, which opens the seal switch, Either aotlon
ghuts the drive motor off. The L contactor coil
voltage L8 also interrupted by operation of CB-1,
which is logated in the drive motor to sense ovér-
load or ovartemperature conditions,

Motice that the fuel level gage wiring has bean
chamged after the ZBAEIDAA model so that 1§ will
indicate charging and the state of charge without
turnlng the key on,

z 1
I
L
ELUTEH g
rF—-—t———— 1 SWITCH L
| CAREUIT | .
| q:: BRLARER ]
I ca-3 1
e — A MODEL OMLY |
+
= rowes
= PACK w
...._"_ lu'_l_' =}
— ® LEVEL o CIRCURT WaToR
- GAGE® BAEAKER
El=i
SEAT SWITCH
R .r s
EONRECTION
FOR MODEL {ﬂ‘r BWITEH
ZRALIDAL
- .
*EiOM DNLY
Flg. 2-4. Start clreult
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SWTCH = 4
bifdlrma,
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- e SWITCH ]I ;"'*- |I=
£, @ "=
—— POwER Lil
—_ PR @ B
—_ CIRCUIT 40
. Lt~ |
—n IE.E!.:IE! ( = |
|2 i [
! Pl
SEAT
EWITCH e
-:h
HET I/ L
SWITCH
Fig. 2=5. PTO elrcult
PTO Circuit line, or input, side of the translormer, the secon=

The PTO ¢ircult requires that the L contactor
be supplied voltage before its PTO contactor can be
energized, 80, In normal oparation, the drive mo-
tor will be runalng belore the mower motors can be
giarted. This feature is accomplished by tapping
off positive PTO coll voltage from a polnt betwean
the L eoil and its A" contacts as shown in Fig, 2-5,

With the drive motor running, the PTO switch
can be moved to its "Btart” position, and voltage is
avallable through the switch to the PTO contactor
¢oil, The coil is energized and PTO contacts D7
open and "'C*" closes. When the PTO switch Is re-
leased, its spring loading automatically moves it
fo Its "Run" position, The closed PTO contacts
"' pow supply power to the PTO coll to seal it in,
At the same time, these contacts supply positive
voltage to jacks J1-=1 and J2-1 which power the
mower motors. Turning the PTO switch or key
gwiteh to "0 or leaving the seat interrupts PTO
coil curreént and the "C* contacts open {o remove
pawer {rom the mower motors, Contacts "IF¥" are
then closeéd across each motor, which
brakes thelr rotation very rapidly. To restart tha
motor;, the PTO switch first must be moved to the
"Start" position to seal-in the PTO coil,

Charger

The heart of the charger is a speclally designed
transformer. Besides the primary winding on the

2-3

dary is connected to the power pack to supply
charglng current, and a third winding connected to
capagitor CP2 putomatically adjusts the charging
rate according to the state-of-charge of the power
ek,

A more detailed explanation may be appropriate
with the use of Fig. 2=7. Line voltage is applied
to the primary winding through a normally open
gwitch., The switch |8 closed when the timer kmob
is turned to ite proper "'Start” position, which
giarts the tlmer molor and puta the charger into

Fiﬂr E-EI

Battery charger removal
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operation, The timer motor drives a cam which
causes the contacts bo open whon the propér amonst
af time has elapsed,

The secondary winding reduces the line voltage
to a usenble charging leval which is than full-wavae
rectified by the action of disdes CR4 and CRS, The
dicdes accept the 80 -Hertz slne wave as an input
from the secondary winding, and cutput a pulsating
poeitive de voltage which charges the power packs.
The third winding, in conjunstlon with eapacitor
CP2, increases the charging energy per cycle.

WARNING: BINCE THE E&M AND
E10M TRACTORS ARE NOT EQUIFFED
WITH A POWER DISCONNECT, THE
BATTERY CLAMP TERMINATING
WIRE NUMBER 2-01 MUST BE LIFTED
FROM THE POSITIVE POST OF BAT-
TERY B BEFORE PROCEEDING WITH
SERVICING OF THE TRACTOR UNLESS
VOLTAGE MEASUREMENTS MUST BE
MADE. SEE FIG. 3-8,

CONTINUITY MEASUREMEMNTS: Remember,
when making continuity measurements there st

be no power In the circait, and one end of the cir-
cult undar teat muat be disconnscted U additional
circuitry interferes with the test, The cireuit

under test has good continuity U the meter Lndl-
cates zero chms on a properly "zerced" R x 10
motting,
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Drive mntn_:' doer not start

Does the L contactor engrgize? That i, measure the
contactor's coll voliage to be 38-VDC NOC with the
clutch switeh closed. See Fig, 2-0

wires 1 and 4.

Il yos, meisurs vollage acrasa the

heavy studs on the L contactor
The voltage should

be 36-YDC when the coll voltage is
O-¥DC and O-YDC when the cail

with the key “On™,

If no, measure -VDC between wire 1 of the
L contactor and wire 10 of the seat switch

See Fig. 2-11

not 36-VDC when
the coil voltage ia
O-VDC, check all
wires 1,4, 8 for

voltage s 36-YDC, See Fig, 2-0
and 2-10.
If stud voliage is Il voliage across

ghada 13 not
O-VIDC when coil
|s energized, re-

place L contactor.

If OK, check seat
switch, circuit
broaker CB-1, and
clutch switch and their
wiring for continuity,

If nol DK, chock key
switch, circuit breaker
CB-3 {early models),
FU-1 (later models],
and their wiring for

contimity,
If OK, If mot OK,
muspect repair Il OK, If not OK,
drive as replace ropair
makor, roquired, L contactor, a8 required

confinulty.
|
I OK, If not OK,
check repair
batteries as
and thelr required.
connections
Repair as
required,

WARNING: Remove battery cable from battery B2+ before
altempting repalr or replacement. See Fig. 2-8.




=

R L

Fig. 2-10, L Contactor Voltage 0-VDC with Coll Voltage Je=-¥VDC

2-8



Drive motor starts but shuts off when the
cluteh/brake pedal |8 released NOC,

Measure 38:-VDC an the L contactor studs
terminating wire 1 and 5 NOC but with
the clutch/brake pedal released, Ses
Fig. 2-12

I OK, measure O-VDC If not OK, check wires
on L contactor studs 1 and § to the L contactor
terminating wires 1 and studs for continuity.

§ NOC with the clutch/ Repair as required,

brake pedal depressed.
Boe Flg, 2-13

If not OK,
replace L
Contactor.

WARNING: Remove battery cable from battery B3+ before
attempting repair or replacement. See Fig. 2-8.




Fig. 2-11, 38-VDC Measured between Wire 1 of L Contactor and Wire 10 of
Baal Switch, Kay "On'
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Fig. 2-=12. L Contactor Voltage 36-VDC Across Studs 1 and 5, NOC,
Cluteh,/PBraks Padal Released

Fig. 2-13. L Contactor Voltage 0-VDC Across Studs 1 and 5, NOC, Clutch/
HBrake Poedal Depresssd

2=8



Drive motor does not shat off with key
of by getting off seat.

‘When key switch or seat switch are opened
while drive motor {s running, does the L

contactor coll voltage go to O-VDO P
Bee Fig, 2-=10.

U yes, replace L U no, suspect ulty switches or
contactor shorting around switches.

WARNING: Remove battery cable from battery B2+ before
attempting repair or replacement. See Fig, 2-14,

2-10




Drive motor restarts NOC without depressing
clutch/brake pedal.

Clutch switch shorted internmally, held closed
miechanically or has an external electrical short
bypassing switch,

WARNING: Remove battery cable from battery B2+ belore
attempting repair or replacement. See Fig, 2-8,

z-11




Mower motors do not start NOC when
PTO switeh is turned to "Start,

Does PTO contactor energlze? That is, measure
the PTO contactor's coll valtage to be 3¢-VDC
NOC with the PTO switch held in the "Start"
position, See Fig. 2-14

i OK. check voltage between J1-1 and If not DK, eheck PTO switch in the
J1-2 to be 38D when the PTO "Start” position and its wiring and the
contactor is energized. See Fig, 2-15. wiring to the PTO coll for continuity.
1f DK, check mowaer I not OK, check i OK, replace i not OK, repair
motor wiring and PO N0 contacts PTO contactor, | | as required,
elrcult breaker for for proper closuré
eontinuity, when energized,
I OK, If not OK, If OK, If not OK,
suspoct repair as check replace
a faulty required. wiring to PTO
MOWar PTD contacior,
motor. contactor
contacts
and
J1-1, 2
JE-1,2
for
continuity.
Hepair as
rocpuired.

WARNING: Remove battery cable from battery B2+ belore
attempting repair or replacement. See Fig. 2-8,

2-12



Fig, 2-14, PTO Contactor Coil Voltage 36=VDC, NOC, PTO Switch in "Btart”

Fig. 2-15, Vaoltage betwaen J1-1 and J1-2 is 36-VDXC with PTO Contactor Energized
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ﬁ

Mower molore start but shut off when the
PTO switch returng to the "Hun" poaitios,

Dlaconnect battery cable on B2+, turn
PTO switch to "OF" and check diode CR1
front to back resistance ratlo to be o
minimam of 100 to 1. See Fig. 2-18

and 2-1T,

R p——

If OK, check wiring to both sides If not OK, replace as required.
of the diode for contlnaity.

If OK, suspect a i not OK, repair
faulty PTO switch. ad required.

WARNING: Remove battery cable [rom battery Bl+ before
attempting repalr or replacement. See Fig, 2-8.

2-14



Fig. 2-17, CR1 Front-to-back Resistance Measurement
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Power pack does not charge fully as indicated
by the SPG of each cell.

pushed in7

Doés the manual reset circult broaker CB-2
trip (button pop out) as soon as button 18

If yes, remove the charger as ghown in Fig.
2.18 and 2-18., Then continve,

With all power removed, check the charger heal
sink diode's front-to-back resistance ratio to be
a minimum of 100:1. See Fig. 2-10 and 2-20,

If no, measure for 40-VDC output of charger
ko the [ree battery cable number 2 and battery
cable mumber 8, See Fig, 2-21

I OK, check positive and|
i ve wiring from
charger to power pack
for continaity.

If not OK, replace
hent sink assembly.
Bolder wires with a
low wattage solder -
ing lron.

1f OK, check for short-
ing of wires 1-04 and
30 out of the charger.

1f not OK, repair as

il OK, replace chirger
réquired.

agsembly.

Repair as required,

If not OK, during charging
with the batteries con-
picted, measure tho
voliage drop across the
terminals of the maummnl
reset eirealt breaker
CH-2 to be O-VDC.

If not OK, replace

I OK, check heat sink diodes

for "opens. * Note at leaat
one diode lend must be re-
moved before the [Font-to-

cireuit breaker
CR-2.

measured. If either diode
measares more than 1000

back resistance ratio can be

ohma In each direction, that
diode 18 opan.

i not OK, replace heat
gink assembly.

i OK, check input to transformer
for 115-¥ a-¢, Measure between
Pd-1 and P4 -8 and P4-2 and P4 -T.

If OK, replace charger
assembly.

If not OK, check timer switch, line
pord and associated wiring.

[ WARNING: Remove battery cable from B2+ before attempti

ng repair or replacement. See Fig. 2-8. |
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Fig. 2-18, Charger Remowval

Fig. 1-18. Charger Heat Bink Dilode Resistance Mensurement
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Flg. 2-21,

Charger Cutput 40-%¥D al Battery Cahles 2 nnd B
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Charger does nol shut off,

Does timer knob turn after starting the charger?

I yes, replace timer motor on

timer assembly,

switeh) for 115 ¥ a-c,

If no, check timer motor input (not timer

I OK, roplace timer
aasembly.

WARNING: Remove battery cable from B2+ before
attempting repair or replacement. Bee Fig, 2-8.

If not OK, check timer
motor wiring and re-
pair as requlired,




otherwise normal,

Sharp reduction of tractor range and/or power. Operation

charge cycle?

Ia 8PG of all cells at an acceptable value after a complete

I no, refer to troubleshooting
section which reads "Power

If yes, check for a defective
battary as outlined in section 1, 10

Pack does not charge fully. " of this manoal,
i OK, check all high current If not OK, replace defective
motor circuits lop poor battery.
connections,
If OK, suspect drive motor. If not OK, repair as required.

WARNING: Remove battery cable from B2+ before
attempting repalr or replacemant, See Fig, 2-8.

2-20
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E12S ELEC-TRAK TRACTORS
Models 26 AE12AA and 26AEIZBA

3.1 E128 THEORY OF OPERATION

There are only slight differences between the E128 (26AE12AA) and E15 (26AE15BA), Areas of
difference are:

Area Involved E125 (26AE12A4) (26AE12BA) E15 (2BAE15BA)
Speed Control 3 Forward speeds, therefore no Card #3 or FW Relay | T Forward speeds
Drive System Bingle belt, large motor pulley Dual belt, small motor pulley

Body and Trim Tiros: 4,80 x B and 8:50 x 13, Identification decals, Tires: 6:50 x 8 and 8:50 x
12, ldentification docals,

Besides the omission of indicated parts, other parts have different identification nambera, Trouble-
shooting techniques must change slightly o accommodate these similarities and differences.

3.2 E125 SERVICE INFORMATION LOCATION

For theory of operation and troubleshooting of E128 tractors, read the E15 (26AE15BA) section of
this manual as llsted in the following cross-refereance table,

Area of Interest Refarance Remarks

Theory of Operation Bection 5.1 Ignore reference to fleld weakening,
i,e,, speed control, Card #3, FW re-
lay, ele.

Troubleshooting Sketch Interpretation Section 1, 24

Use of the Troubleshooting Guide Bection 1. 25

Troublashooling Cuide Bection 5,3 Obeerve E128 differences,

Brake Service Section 1,14, 1.15

Troubleshooting Sketch Figure §-1 Obeerve E128 differences,

Card #1 (Control) Schamatic Flgure 3=1

Tractor Wiring Figure 3-2

Control Panel Wiring Figure 3-3

Bpood Control Wirlng Figure 3-4

Timer Assembly Wiring Figure 3-5
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E12 ELEC-TRAK TRACTORS
Models 26AEI2CA - 26AEI2ZHA

Troubleshooting Sketch
Tractor Wiring ...
Conirol Panel Wiring .........
Speed Control Wiring (26AE12C)
Speed Control Wiring (26AE12D)
Dash Panel Wiring
Timer Assembly Wiring
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4.1 THEORY OF OPERATION

A block diagram showing the major functional
areas of the E12 will make the detailed information
easier to understand. The interconnecting lines
between the blocks show dependency of one area on
another and also show the direction of control.
Notice that house voltage is fed into the charger,
changed to an appropriate de voltage, and is then
fed to the power pack to recharge the cells. The
connecting line returning to the charger indicates
that battery condition is sampled by the charger to
properly meter the charging rate, This sampling
results in a high charging rate when the power pack
is deeply discharged, and a low charging rate when

the fully charged state is attained., This rate change

is fully automatic.

The accessory receptacle is wired directly to
the power pack and is shown that way in Fig. 4-1,
Actually, the power disconnect, fuse FU1, a cir-
cuit breaker; and a shunt (MS-1) are in this cir-
cuit, but are not considered essential elements in
the block diagram,

Lift and light circuits are also powered by the
power pack, but mamual switching must be per-
formed to operate these devices. The line drawn
from the manual switching block to the automatic
control block represents the control of all other
manual switches, This includes the key, PTO,
seat, brake, power pulse, and the four speed-con-
trol switches. All of these switches control func-
tions of the E12, and their detailed operation is
covered in the following pages.

Successful troubleshooting of the E12 ELEC-
TRAK tractor requires an understanding of the
performance during normal operation, Areas that
you should become completely familiar with are
the speed control and power pulse circuits. These
areas will be examined individually, but with atten-
tion directed to the overall tractor response.

1-1
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The E12M tractor and circuitry is basically the
same as the E12 tractor with the following excep-
tions:

1. The E12M is equipped with a manual 1ift in-
stead of an electrie 1ift,

2, The drive motor is behind the transaxle in-
stead of in front (to accommodate the mid-
mount mower),

3. The E12M has a longer chassis and wheel
base to accommodate the mid-mount mower,

Speed Control

The speed conirol is basically a mechanical de-
vice which actuates switches in an orderly sequence.
These switches are actuated as high portions on
the speed control cam contact the switeh buttons as
the cam is rotated.

In all, the speed control contains four switches
which are of two types. They are as follows:

Start, Reverse Swiiches - Single-pole double-
throw (SPDT) — Two current carrying posi-
tions one of which is normally closed,

1A, 2A Switches - Single-pole single-throw
(SPST} — Normally open (NG), i.e., un-
actuated, the switch is open,

Locate each of these switches on the troubleshoot-
ing skeich and note that they are shown in their
unactuated position,

As the speed control is slowly moved forward
from the right-hand neutral position, the switches
that are actuated are (in order):



ACCESSORY
CHARGER ®! RECEPTACLE
POWER DR IVE
PACK ¥ MOTOR

> AUTOMATIC
CONTROLS

PTO
RECEPTACLE

MANUAL
SWITCHING

LIGHTS

LIFT

Fig. 4-1. E12 Block Diagram

1. Start switch
2, 1A switch
3. 2A switch

Once any switch is actuated, it is held actuated in
all the following speed control positions until the
lever is moved toward neutral past its initial actu-
ating position. For example, if the tractor were
being operated in the third speed forward, the
Start, 1A and 2A switches would all be actuated.

Operation of the speed control in reverse is
much the same as forward operation, The only
difference is that as the speed control lever is
moved from the left-hand neutral towards the rear
of the tractor, the first switch to actuate is the re-
verse switch. The switches that are actuated are
(in order):

1. Reverse switch

2, Start switch

3. 1A switeh
PTO

For instruction purposes, let's consider the
PTO circuit simplified in Fig, 4-2.

4-2

Assume the power disconnect is engaged
(closed), an operator is on the seat, and the PTO
switch is in the "Off" position., When the key
switeh is turned "On", a circuit is completed
carrying current through the key switch, the PTO
switch, the 1RTN coil, the seat switch, and back
to the power pack. Notice that this current through
1RTN coil energizes (or actuates) it, which closes
its normally-open contacts A’ and "B". With the
pair of contacts labeled "A" closed, the PTO
switch can be moved to "On" and the 1RTN coil will
continue to be supplied with current. This action
is referred to as "'sealing in",

With the 1RTN coil sealed-in, the PTO switch
can now be placed in the "On" position and another
closed current path is produced through 1RTN con-
tacts "B"” and the PTO coil. Current through this
coil closes contacts "'C"' and opens contacts g b 8
These contacts supply the PTO operated attachment
with power and dynamic braking respectively.

Should the operator get off the seat with the
mower running, the seat switch opens and inter-
rupts the 1RTN coil and PTO coil current, Both
coils are de-energized and the mower is dy-
namically braked. To restart the mower, the
PTO switch must be turned to "Off" to seal-in the
1RTN coil and then to "ON'" to energize the PTO
coil,



KEY SWITCH

ADFF 4

ON
o
POWER I.FT.H —
o DISCONNECT A [
= g :': PTO
*> PTO
. SWITCH
. N e
“— POWER D o~ PTO A
= PACK
g PTO 7 IRIn
o RECEPTACLE \
RTN PTO
| col
+ '.'r““’l’r o
SEAT SWITCH
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Speed Control Circuit

In examining the "Start” circuit, simplified in
Fig. 4-3, it is seen the sealing-in circuit is re-
peated, but there are two contactors o be actuated
in the "On'" position in forward and two others in
reverse, namely, 1F and 2F, and 1R and 2R. The
state of the reverse switch selects which pair of
contactors are energized,

When the speed control is moved to the start
position in forward, contacts 1F and 2F close and
their mechanical coupling with 1R and 2R, respec-
tively, guarantee that 1R and 2R are open, Now
armature current flows from "C" to "D’ and the
drive motor armature rotates,

When the speed control is moved into reverse,
subsequent closure of the start switch energizes
contactors 1R and 2R, closing these contacts and
forcing open 1F and 2F. Armature current now
flows from point "D" to "'C"" and the armature ro-
tates in the reverse direction.

When the seat switch, brake switch, or circuit
breaker CB-1 opens, 2RTN contacts open, This
in turn causes the starting contactors (1F and 2F,
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or 1R and 2R) to open and interrupt drive motor
power as they seek a center neutral position.

-

1A, 2A Contactors

Developing the circuitry further, operation of
contactor 1A is the same as in the E20 model (sea
page 6-T), i.e., when the 1A speed control switch
is actuated, voltage is applied to the 1A contactor
coil, When the 1A contacts close, resistor R1 is
bypassed and additional armature voltage is avail-
able, giving a motor speed increase,

Resistor R2 is effectively removed in this
fashion when the 2A switch energizes the 2A con-
tactor, except that the drive motor armature must
be turning fast enough to close its centrifugal
switch before the negative refurn path to the 2A
coil is established. Momentary depression of the
power pulse button when the speed control is fully
forward and the armature is not turning bypasses
the centrifugal switch so that contactor 2A ener-
glzes and forward motion is obtained. This action
may be required to regain motion after stopping
during an uphill climb,
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Notice that positive 36-volts dc is available to
2A only when contacts 1F are closed, which means
2A can energize only in forward. In reverse, the
equivalent of 1F is 1R and, when 1R is closed, a
negative potential is carried to the 2A coil and
therefore the coil cannot be energized.
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Charger

Refer to Section 1. 11 for charger theory of er-
operation and service procedures.



No drive motor torgque
in forward or reverse.

See Figure
4-3

Does 2RTN relay energize, NOC,
with speed control in neutral?

-

I no, check positive and negative
voltage eircuitry which supplies

the 2RTN coil.
|

If yes, does 2RTN remain energized
as the speed control is advanced,
NOC?

-

|

If OK, check 2ZRTN
coil resistance vs.

I not OK, repair
faulty wiring or re-

an identical coil. place defective
Replace relay if component.
necessary.

If no, check 2RTN contacts A" and "B"
for proper closure.

|

I OK, check each con-
tacts wiring for contin-
uity. Repair as required.

|

If yes, check speed control start
and reverse switches and their
wiring.

If not OK, replace
relay or adjust

contacts.

Replace defective component or
repair faulty wire.
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No drive motor torque in reverse.
Forward operation OK.

See Figure
4-3

Do contactors 1R and 2R energize in
in reverse, NOC, when the speed
control is depressed? (Measure
coil voltage to be 36 VDC when

If not, check wiring
to coils of 1R and 2R

energized. )
- I '
If yes, check contacts 1R and
2R for closure when energized.
[ l I for continuity.

If OK, check I not OK, re-

wiring to 1R place defective |

and 2R con- component . I OK, check

tacts for coil resistance

contimuity. as an identiecal
coil and re-

| place as re-

quired.

If OK, check If not OK,

diode CR11 repair

and its wiring. as required.

Repair as re-

quired,

If not OK,
repair as
required,
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Speed control position 2 does
not give 3 motor speed change
in forward or reverse.

Does contactor 1A energize, NOC,
with the speed control in the second
forward position? (Measure coil
voltage to be 36 VDC when energized. )

If ves, check contacts
1A for closure when
energized.

If OK, check wiring to
1A contacts for
continuity and repair
as required.

If not OK, replace

contactor.

}

VE. an

If no, check 1A coil resistance

identical coil.

If OK, check
switch 1A and
its wiring for
continuity.

If not OK,
replace
contactor.

If OK, check wiring to

1A coil.
If OK, If not OK,
replace repair as
card #4, required.

If not OK, repair
faulty wiring

or replace defective
component.




Speed control position 3 does not

Does contactor 2A energize, NOC,
with the speed control in the third
forward position? (Measure coil
voltage to be 36 VDC when energized. )

[ =] |
If yes, check contacts 2A If no, check diode ]
for closure when energized. CR12 and its
wiring,
|
I | I |
If OK, check If not OK, If OK, check If not OK, replace
wiring to 1A replace 1A coil defective compo-
contacts for contactor. resistance nent or repair
continuity and vS. an famlty wiring.
repair as identical coil,
required, |
[ =

If OK, check switch 2A If not OK, replace

and its wiring for contactor.

contimuity.

If not OK, replace

faulty component or

repair wiring as

required,




o eaalls i

Drive motor overspeeds i
one or more speed control

positions.
See Figure
4-3
Measure field voltage in plug
P6 with P6-J6 joined in speed
control position that produces
the abnormal operation,
| I
h,w:nmmaupmuma If not OK, check field circuit for
drive motor field resistance an ““open’’. This includes diodes
hlﬁ-uhms CR10 and CR11, and all aaau-
X ; ciated wiring. ;
- |i motor field resistance is
not about 16 ohms, replace motor.
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Reduced power.

Refer to troubleshooting section
entitled "Drive motor has poor

torque in speed control positions
1, 2, and 3."
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Power pack does not charge fully
as indicated by low SPG readings
of each cell after charging.

Does the manual reset circuit
breaker, CB-2, open whenever
the power disconnect is engaged?

I yes, check each heat sink
diode for a "short'" in each
direction as opposed the normal
short in one direction only.

Replace heat sink assembly
if one or both diodes are
shorted.

]

If no, measure for 40 VDC output
of charger with power disconnect
disengaged.

I OK, check positive and
negative wiring from
charger to power pack.

Repair faulty wiring or
replace defective com-
ponent.

If not OK, check heat sink diodes
for "opens'" in each direction as
opposed to the normal open in
one direction only. *

r

If OK, check input of trans-
former for 110 VAC.

If not OK, replace heat sink
assembly.

—

If OK, replace charger
assembly.

If not OK, check timer switch,
line cord and associated wiring
for continuity and repair as
required.

*Since both diodes are in parallel, one of the diode wires must be removed before either diode can be
checked for an "open”. Removing a wire is not necessary to check for a short.
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Charger does not shut off,

See Figure
5-5

Does timer knob turn after
starting the charger?

|

"

H yes, replace timer motor
or timer assembly.

t
|

.

If no, check timer motor input
(not timer switch) for 115 VAC.

If OK, replace timer assembly.
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If not OK, check timer
motor wiring and repair
as required.




Sharp reduction of tractor range
or power. Operation otherwise

normal.
I

Is specific gravity of all cells up

to the nominal value after a complete

charge cycle

H no, refer to troubleshooting
gection which reads "Power
pack does not charge fully,
m'

1

If yes, check for a defective
battery as outlined in Chapter 1’
of this manual.

I

If OK, check all high-
current motor eircuits
for poor connections.

If not OK, replace defective
battery.

If OK, suspect drive

motor.

If not OK, repair as required.




Attachment does not operate
when plugged into PTO
receptacle when turned on,

See Figure
4-2

Does the PTO contactor energize,
NOC, when the PTO switch is
turned on? (You can hear or see

this action. )
| 1
If yes, check PTO contactor Is 1RTN relay energized, NOC,
contacts for condition and with the PTO switch off ?
1 I
If not OK, replace If yes, check 1RTN If no, check 1RTN coil re-
PTO contactor. contacts for proper gistance vs. an identical
contactor to the closure when ener - coil.
PTO receptacle gized.
for continuity.
If not OK, replace
| relay or adjust
K OK, suspect a If not OK, repair contacts.
defective attach- faulty wiring or re-
ment power place defective PTO
cord, plug or receptacle as
drive system. necessary. | |
If OE, check coil wiring If mot OK,
including PTO switch for replace
continuity. Repair faulty 1RTN
wiring or replace de- relay.
fective component as
required.
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NOTES -

(D) —= INDICATES CONNECTION TO BE MADE UPON
INSTALLATION OF PAMEL INTD TRACTOR.

@ cABLE CONNECTION FROM LINE DISCONNECT TO PO
cOMTACTOR MUST BE 18'f4 {NCHES OF F b awo
CABLE.

THIS FIGURE \S MNOT INTENDED TO SHOW COMPLETE
WIRING. IT IS TO BE USED FOR COMPONENT AND
SIGMNIFICANT WIRE LOCATION ONLY.
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Fig. 4-6 E12 Control Panel Wiring
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E15 ELEC-TRAK TRACTORS
Models 26 AEIS5AA - 26AEISGA

5.1 E15 THEORY OF OPERATION

A basic explanation of the E15 circultry is
usually helpful in making the detailed theory easier
to understand. The block diagram in Fig. 5-1 is
a simplified representation of the entire E15 cir-
cuitry. Notice how the function blocks are inter-
connected.

After the house voltage is fed into the charger,
it is changed to an appropriate dc voltage and is
then fed to the power pack to recharge the cells,
The connecting line returning to the charger indi-
cates that a sample of battery condition is used by
the charger to properly meter charger output cur-
rent.

The accessory receptacle is wired directly to
the power pack and is shown that way in the dia-

HOUSE VOLTAGE

gram. Actually, the power disconnect, fuse FU1,
and two circuit breakers are in this circunit, but
for this purpose these are considered wires direct
to the power pack,

Light and lift circuits are also powered by the
power pack, but manual switching must be per-
formed to operate these devices. The line drawn
from the mamual switching block to the automatic
confrol block represents the control of all other
manual switches, These include the key switch,
PTO switch, seat switch, brake switch, and the
eight speed control switches. All of these switches
control functions of the printed circuit cards,
which deliver commands to the drive motor or PTO
receptacle, The return line from the drive motor
to the automatic control block indicates a sensing
circuit which overrides portions of the mamual
switching,

ACCESSORY
9 cHARGER P recepracie
POWER DRIVE
PACK Pl WOTOR
]_ AUTOMATIC
H CONTROL
B PTO
—T RECEPTACLE
—  LIGHTS
Bl MANuAL
SWITCHING
—» LIFT

Fig. 5-1. E15 Elec-Trak Block Diagram
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Successful troubleshooting of the E15 ELEC-
TRAK tractor requires an understanding of the
electronics and mechanies involved in normal op-
eration. Three major areas that usually reguire
instruction in operation are: 1) speed control,

2) printed-circuit control card, 3) the charger.
These three areas will be discussed individually,
but with attention directed to the overall tractor
response. The troubleshooting sketch should be
closely followed during the explanation,

d Control

The speed control is basically a mechanical de-
vice which actuates switches in an orderly sequence.
The switches are actuated as high portions on the
speed control cam contact the switch buttons as the
cam is rotated, with the exception of the reverse
switch which is actuated directly by the speed con-
trol lever.

In all, the speed control contains eight switches
which are made up of three different types., They
are as follows:

Start Switch — Single pole-double throw (SPDT)
— Two current-carrying positions.

Reverse, 1A, 2A Switches — Single pole-single
throw (SPST) — Normally open (NO), i.e,,
unactuated, the switch is open.

Field Weakening Switches, FW SW1,2,3,4 —
Single pole-single throw (SPST) — Normally
elosed (NC), i.e., unactuated, the switch is
closed.

Locate each of these switches on the trouble-
shooting sketch and note that they are shown in
their unactuated position.

As the speed control is slowly moved forward
from the right-hand neutral position, notice that
very little resistance is felt immediately. This
area is an extension of the neutral position which
improves field switching action. No switches are
actuated in this area. As the speed control is
slowly moved forward, the switches that are actu-
ated in order are:

. Btart switch

. 1A switch

. 2A switch

FW 8W1 switch
. FW SW2 switch
. FW 8W3 switch

. FW 5W4 switch

=] @ n = W b =
H
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Once any switch is actuated, it is held actuated
in all the following speed control positions until
the lever is moved toward neutral past its initial
actuating position. For example, if the tractor
were being operated in the third speed forward,
abbreviated SC3, the Start, 1A, and 2A switches
would all be actuated,

Operation of the speed control in reverse is
much the same as forward operation. The greatest
difference is that as the speed control lever is
moved from the right-hand neutral position to the
left-hand neutral, the reverse switch is imme-
diately actuated by contact of the lever directly with
the reverse switch, This switeh is held actuated
in all reverse speed control positions.

As the lever is moved rearward, through an ex-
tended neutral as in forward, the switches actu-
ated in order are:

1. Start switch

2. 1A switch

3. 2A switch

For speed control position differentiation, the
three reverse positions are abbreviated 8C-1,
SC-2, and SC-3 respectively. SC-0 indicates the

left-hand neutral position and SCO indicates the
right-hand neutral position.

Printed Circuit Cards

The printed circuit control card is not meant to
be a repairable component, but an understanding of
its operation is helpful in tracing trouble to the
card as well as other parts of the tractor.

Before proceeding, notice that terminal pad 12
of the card is the power pack negative return for
the entire card.

The "Start" portion of the card is a good area
to examine first, Wire 25 connects the common
terminal of the start switch with a source of 36
wvolts, so in the unactuated position, 36 volts is
available to control card pad 6, abbreviated CCE,
which' charges the capacitor in that eircuit. When
the speed control aciuates the start switch, the
36-volt source is applied to an SCR through CC5.
Remember that an SCR is an electronic switch that
"turns on' (closes), when current is directed into
the anode and gate, Anode current is supplied by
the 36 volts and gate current is supplied by the
charged capacitor, It is important to realize that
the capacitor becomes discharged quickly through
the gate of the SCR, but the SCR remains closed
until anode current is interrupted. This interrup-



tion can be made by opening the seat switch, ap-
plying the brake hard or various other ways, but
when the voltage is restored to the anode of the
SCR, it does not close again, because the capaci-
tor is discharged and cannot supply gate current,
This feature is referred to as the "Return-to-
Neutral™(1) condition; that is, the speed control
must be returned to neutral to allow the capacitor

to recharge.

When the SCR is closed, there is about 36 volts
available to the oil of the L contactor through CC4
and wire 35. The other side of the coil is con-
nected to the negative side of the power pack, so
the contactor coil becomes "energized” and its
contacts close making power available to the drive-
motor field and armature (through R1 and R2) and
the motor drives the tractor forward,

Another wire 35 connected to the L. contactor
coil is connected to switch 1A, If L is energized,
the same 36 volts is avallable at CC10 if switch 1A
is actuated. Since the eapacitor connected here is
in series with a resistor, a controlled charging
rate results; that is, the time it takes to charge is
dependent on the value of the resistor and capaci-
tor used, When the capacitor charges sufficiently,
the unijunction transistor, UJT, 'turns on" or
closes momentarily and supplies gate current to
the SCR, energizing the coil of 1A contactor through
CC11. When contactor 1A energizes, resistor Rl
is bypassed making more current available to the
drive motor armature, resulting in a higher speed.

The same operation is repeated after coil 1A
energizes and switch 2A actuates. Enpergizing 24
by-passes R2 and another increase in speed re-
sults, This is the most efficient position to oper-
ate the tractor in, since both the armature and
field are in parallel with the power pack without
resistance in series.

Energizing coil 2A results in operation of a
similar circuit without the necessity of actuating
ancther speed control switch since the circuit is
tied directly into CC14 on the printed circuit card.
When this circuit's SCR closes, the FW coil is
energized and prepares the field cireuit for use of
the last four speed control switches by opening the
FW contacts.

Actuation of FW SW1 (FW SW1 opens) allows
R4 to be connected in series with the drive motor
field. This resistor causes a reduced field current
which increases armature current and speed,
After each of the next three switches is actuated,
another resistor is connected to the field series
circuit and each time the motor speed increases,

(1) patent Pending

NOTE: I an "open'" occurs anywhere in
the field circuit, the effect is that of add-
ing a resistor of infinite chms. This
causes the motor to overspeed which
causes excessive armature current and
severe motor heating.

The FW contacts bypass all of the FW switches
in the speed control and, therefore, the resistors
R4, R5, R6 and R7, If the speed control is moved
from neutral to SC7 rapidly, no resistance is con-
nected in series with the field until 1., 1A, 2A,
and FW coils are energized. This time delay
limits armature starting currents to a safe level
and prevents "jack rabbit” starts. It is important
to realize that the last four speeds are obitained
directly from the speed control without any time
delays.

The reverse coil of the reverse relay, Rev, is
energized immediately if the reverse switch is
actuated and if the drive motor is not turning for-
ward rapidly. The reverse relay has four sets of
contacts all operated from one coil. Two contacts
are normally closed and two are normally open,
The two normally closed contacts cause current to
flow through the field in one direction, and when
the reverse relay is energized, the current flows
in the opposite direction, resulting in motor rota-
tion in the reverse direction. SC-1, SC-2, and
8C-3 positions give identical operations as the
corresponding forward positions.

The circuitry associated with CC7 senses back
EMF (generated voltage) of the drive motor arma-
ture, If the armature is rotating very rapidly,
this circuit prevents any drive motor switching un-
til the back EMF is reduced sufficiently.

Since switching is possible when the drive mo-
tor is rotating at a slower speed, spikes of energy
may be generated as the switching oceurs. If un-
suppressed, these spikes may be capable of closing
SCR's by supplying gate current. The varistor,
VDR-1, effectively suppresses these spikes.

The PTO portion of the card is identical to the
""Btart" portion previously discussed., The cir-
cuitry differs in that the PTO switeh is manually
positioned and there are two sets of contacts oper-
ated on the PTO contactor. When the PTO coil is
energized, one set of contacts opens and the other
set closes, This allows 36 volts to be available at
the PTO receptacle through wires 3 and 24. When
power is interrupted to the coil, the contacts re-
turn to their normal position., The two sets of
contacts permit dynamic braking of motors such
as those on the rotary mower. One set applies
power, and when de-energized, the normally closed
contacts short the input terminals of the motor
causing it to brake rapidly.
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ﬁﬂd explanation may be appropriate.
is applied to the primary winding

mally open switch,
to the proper "start” position the switch
the timer motor starts, and the trans-

When the timer

i

former is put into operation. The timer motor
drives a cam which causes the contacts to open
when the proper time has elapsed.

: the transformer, the secondary
o the power pack to supply charging
a third winding connected to capacitor
s more charging energy per cycle of ac

The secondary winding reduces the line voltage
to a usable charging level which is then full-wave
rectified by the action of diodes CR4 and CRS5.
The diodes accept the 60-Hertz sine wave as an

input from the secondary winding and output a pul-
sating positive dec voltage which charges the power

pack., The third winding, in conjunction with
capacitor CP2, allows the charger to supply a
higher rate of charge for each cycle of ae power
input.

POWER
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¢ I

. KEY SEAT
cB-I L SWITCH SWITCH
A ”_ o o—=o"
E l BRAKE
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I-'VW DISCONNECT Sean.
R2 24 r°|
%"" ©®0 0 OO
5 CARD NO.I
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—y DRIVE | | q) QP @
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ARMATURE | |

-

Fig. 5-2. E15 Drive Motor Armature Control
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No drive motor torque. Power use
indicator remains to the left,

'l SEE
Figure
5-2

Does L contactor pick up? You can
hear this or measure its coil voltage
NOC in the 1st speed forward.

|

I %

If yes, check L contactor for contact closur 5
motor armature wiring, and motor armature.
Note: Armature wiring includes R1 and R2

when 1A and 2A contactors are open. .,

—

If no check L contactor coil resistance,
vs. an identical coil, coil wiring, card
No. 1 negative return (pad 12), and card
No. 1 positive inputs (pads 5 and 6.

If OK, replace card No. 1

Repair faulty wiring or replace defective
component involved in this circuit.

If not OK, repair faulty wiring or replace
defective component involved in this cir-
cuit.




normal.

No reverse, but all forward speeds

its coil voltage.

Does reverse relay actuate when speed
control is put into reverse? You can
see this actuation, hear it, or measure

If no, check reverse relay coil resistance
vs. an identical coil, coil wiring, and

If yes, check condition and closure of
normally open reverse relay contacts,

card No. 1 positive input (pad 8).

;

If not OK, repair
faulty wiring or
replace defective
component involved

If OK, replace
card No. 1.

If OE, check reverse
relay wiring for con-
tinuity and correct
wire location.

If not OK, re-
place reverse
relay.

with the reverse
relay coil.




No reverse, and not all forward
speeds are available or one or
more are abnormal.

Refer to troubleshooting section
which indicates forward speed
problems or symptoms.




No drive motor torque. Power use
gage indicator shows current is
being used.

Is proper voltage available at the
field connections of the drive motor?

If no, repair faulty wiring If yes, check drive
or replace defective com- motor.

ponent involved in the field

circuit,
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normal,

Second and/or third forward speeds
missing. First speed operation is

voltage.)

Does 1A and/or 2A pickup? (You
can hear this or measure its coil

I

If yes, check the contactor in question
for contact closure, and its wiring in-
volved in the motor armature cireuit.

Repair as required.

If no, check the contactor coil resistance
vs. an identical eoil, coil wiring, and
input to card No. 1 involved, i.e., pad 10
for 1A, pad 13 for 2A.

If OK, replace card No. 1.

If not OK, repair faulty wiring or replace
defective component involved in this cireuit.
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Speeds 4, 5, 6, and 7 not accessible
Speeds 1, 2, and 3 normal.
See
Figure
5-3

Does the field weakening relay (FW)
pickup when the speed control is
moved into any speed above the
second. (You can see this actua-
tion or measure its coil voltage.)

I

opening.

If yes, check speed control switch FW
SW1 for proper actuation and contact

Repair as required.

|

If no, check FW relay coil resistance vs.
an identical coil, and coil wiring.

[

If OK, replace card No. 1.

5-12

If not OK, repair faulty wiring or
replace defective component in-
volved in this circuit.




Speeds 5, 6, or 7 not available.
Speeds 1, 2, 3, and 4 are normal.

See
Figure
5-3

Speed control switch FW SW2, 3,
or 4 (respectively) not actuating

or opening.

I;eplnce faulty switch(es) in speed
control or speed control.
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Drive motor overspeeds in one or
more speed control positions.

High current usage as indicated

by power use gage during overspeed,

Is proper voltage available at the
field connections of the drive motor ?

If no, repair faulty wiring
or replace defective com -
ponent involved in the field
circuit.

If yes, check drive
motor.




Drive motor runs reverse in
forward and vice versa.

Figure
5-3

Field wire positions reversed
at drive motor or at reverse

relay.
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Drive motor does not shut off when
speed control is returned to neutral.

See

Figure
5-2

Does drive motor shut off if the speed
control is moved slightly forward or
slightly to the rear?

I yes, replace the
speed control.

If no, check L contactor contacts for
opening when its coil voltage is re-
moved by moving the speed control

to neutral.
I

[

If not OK, replace

L contactor.

If OK, check for shorting that
by-passes the L contactor
contacts,
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Lift motor does not raise and/or
lower.

Measure 18VDC between wires 18 and
51 at the lift motor with the lift switch
held in one direction and the same be-
tween 19 and 51 with the switch held
in the other direction.

If OK, check lift assembly

for binding,
1

If there is no binding, replace
the lift motor.

If not OK, repair faulty wiring or
replace defective component in
that ecircuit.
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Power pack does not charge fully
as indicated by the SPG of each cell.

See

Figure
5-5

Does the circuit breaker, CB-2, open
whenever the power disconnect is

engaged?
|

[ 1
If yes, check heat sink assembly If no, measure for 40 VDC output of
diodes for "shorts". charger.

|
Replace heat sink assembly if one
or both diodes are shorted.

! l
If OK, check positive and negative If not OK, check heat sink diodes for
wiring from charger to power pack. "opens"'.

If not OK, replace heat sink assembly.

Repair faulty wiring or replace If OK, check input of transformer for 110 VAC.
defective component in this cirecuit. I
| ]
If OK, replace charger If not OK, check timer
assembly. switch, line cord and

associated wiring.

Repair faulty wiring or
replace defective com-
ponent as required.




Charger does not shut off.

Does timer knob turn after starting

the charger ?
|

[ |
If yes, replace timer If no, check timer motor
motor or timer input (not timer switeh)
assembly. for 115 VAC.

I
If OK, replace timer If not OK, check timer
assembly. motor wiring and repair

as required.
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wise normal.

Sharp reduction of tractor range
and/or power. Operation other-

Is SPG of all cells at an acceptable
value after a complete charge cycle?

If no, refer to trouble-
shooting section which
reads, "Power Pack does
not charge fully, "

1

If yes, check for a defective
battery as outlined in Chapter
2 of this manual.

l

If OK, check all high current
motor eircuits for poor con-

nections.,
]
[

If not OK, replace defective
battery.

If OK, suspect drive motor.

5-20

If not OK, repair as required.




turned on.

Attachment does not operate when
plugged into PTO receptacle when

turned on.

Does PTO contactor pick up? (You
can hear this or measure its coil
voltage when the PTO switch is

If yes, check PTO contactor contacts for
condition and closure, PTO receptacle
and its wiring.

]
I =3

If ok, suspect If not OK, repair
defective attach- fanlty wiring or
ment wiring or replace defective
its motor. component.

~

If no, check PTO contactor coil resistance
versus an identical coil, coil wiring, and
Card No. 1 positive inputs, pads 1 and 2.

If OK, replace card
No. 1.

If not OK, repair faulty wiring
or replace defective component,
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IMPORTANT : MODEL ZEAEISBA SPEED CONTROL
HARNESSES REQUIRE JACK LOCATION J2-]
TO CONTAIN WIRE MUMBER 31 AND J2-12
WIRE NUMBER 25

—|
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Tl s T |
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Fig. 5-11 26AE15 Speed Control Wiring
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J4-2 (LEAD 46) USE COMMONING BAR IN MATING PLUG.
2- J4-7 § J4-8 (LEAD 52) USE COMMONING BAR IN MATING PLUG.

PL-1 LINE PLUG
FACING PRONGS
: 15 48,52 2? @ e
g HITi
4 H : i | (BLACK 4%
t = == ‘ crzen) 7

-~ El Jq

; Lii % 3
Ao ale ; A
BACKVIEW
Alge 7 1 WIRE SIDE
52
4& LEHD!} . Y _' )

46

Fig. 5-12 26AE15 Timer Assembly Wiring (Model 26AE15A has alternate methods. See Fig. 5-13.)

5-29




BALK VIEW
WIRE SIDE

4 45
| iﬁ.g.cﬁ} (WHITE)
7T
ES:EEN}
M 1 PL-1 LINE PLUG
" FACING PRONGS

THIS DRAWING FOR WIRING INFORMATION ONLY.
FOR PART REPLACEMENT ORDER TIMER AS SEMBLY, PART.NO. 1638990662

Fig. 5-13 26AE15AA* Timer Assembly Wiring
*This is one alternate method. See Fig. 5-12
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There are BEvéral minor differences that distinguish the E20AA and BA models from the E20CA and

DA models:

1. On E20AA and BA models, the resistor-diode assembly is located on the upper control panel (see

Fig. 6-11 and 6-15).

2. On E20CA and DA models,
(see Fig. 6-9),

the resistor-diode assembly has been incorporated into a new Card 4

3. Card 4 from E20AA and BA tractors is not interchangeable with Card 4 from E20CA and DA trac-
tors, and has different wire numbers at the same pad numbers,

6.1 THEORY OF OPERATION

A block diagram showing the major functional
areas of the E20 will make the detailed information
easier to understand. The interconnecting lines
between the blocks show dependency of one area on
another and also show the direction of control,
Notice that house voltage is fed into the charger,
changed to an appropriate de voltage, and is then
fed to the power pack to recharge the cells. The
connecting line returning to the charger indicates
that battery condition is sampled by the charger to
properly meter the charging rate. This sampling
results in a high charging rate when the power pack
is deeply discharged and a low charging rate when
the fully charged state is attained, This rate change
is fully antomatic.

The accessory receptacle is wired directly to
the power pack and is shown that way in Fig. 6-1,
Actually, the power disconnect, fuse FUl, two
circuit breakers, and a shunt wire, MS-1, are in
this circuit, but are not considered essential ele-
ments in the block diagram,

6~1

Light and lift circuits are also powered by the
power pack, but manual switching must be per-
formed to operate these devices, The line drawn
from the manual switching block to the automatie
control block represents the control of all other
manual switches. These include the key, PTO,
seat, brake, reverse, cruise control, and the eight
switches of the foot pedal speed control. All of
these switches control functions of the E20, De-
tailed operation of these switches is covered in the
following pages.

Successful troubleshooting of the E20 ELEC-

TRAK tractor requires an understanding of the
performance involved in normal operation. Areas
that the service man should become completely
familiar with are: 1) foot pedal speed contral,
2) armature current sensing circuitry, and 3) the
cruise control. These areas will be examined in-
dividually, but with attention directed to the over-
all tractor response,

Foot Pedal Speed Control

The foot pedal speed control is basically a me-
chanical device which actuates switehes in an




> ACCESSORY

CHARGER

l

POWER
PACK

AUTOMATIC
CONTROLS |

RECEPTACLE

DRIVE
MOTOR

PTO
RECEPTACLE

> M

SWITCHING

ANUAL LIGHTS

LIFT

Fig. 6-1. E20 Block Diagram

orderly sequence, The switches are actuated as
the pedal is depressed, which causes the cam
(wedge plate) to slide across the switch buttons,
When the pedal is released, the spring-loaded cam
returns to its neutral position.

The speed control contains three types of
switches:

Single pole-double throw, Used as the siari
switch, It has two current carrying positions,

Single pole-single throw — Normally open.
Used as 1A, 2A, and 3A switches, When actuated
the switch closes.

Single pole-single throw — Normally closed.
Used as FW1, FW2, FW3, and FW4 switches.
When acfuated, the switch opens.

Locate each of these switches in the schematics
and note that they are shown in their unactuated
position.

As the speed control pedal is depressed, the
switches are actuated in the following order:

1. Start switch
2. 1A switeh

3. 2A switch

4, 3A switch

5. FW1 switch

6. FW2 switch

7. FW3 switch .
8, FW4 swiich

Once any switch is actuated, it is held actuated
in all the following speed control positions. As the
pedal is released, the switches are released in the
reverse sequence of their actuation., For example,
if the tractor were being operated in the fourth
forward speed, abbreviated SC4, the Start, 1A,
2A, and 3A switches would all be actuated.

PTO

For instruction purposes, let's consider the
PTO circuit simplified in Fig. 6-2.

Assume the power disconnect is engaged
(closed), an operator is on the seat, and the PTO
gwitch ig in the "OFF" posgition. When the key
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switch is turned "ON", a circuit is completed
carrying current through the key switch, the PTO
switch, the 1RTN coil, the seat switch, and back
to the power pack. Notice that this current through
the 1RTN coil energizes, or actuates, it which
closes its normally open contacts A" and "B".
With the pair of contacts labeled "A" closed, the
PTO switch can be moved to "ON" and the 1RTN
coil will still be supplied with current, This
action is referred to as "sealing in, "

With the 1RTN coil sealed in, the PTO switch
can now be placed in the "ON™' position and another
closed current path is produced through 1RTN "B"
and the PTO eoil. Current through this coil closes
contacts "'C" and opens contacts "D"'. These con-
tacts supply the PTO operated attachment with
power and dynamic braking, respectively,

Should the operator get off the seat, with the
mower running, the seat switch opens and inter-
rupts the 1RTN coil and PTO coil current, Both
coils are de-energized and the mower is dy-
namically braked. To restart the mower, the PTO
switch must be turned to "OFF" to seal in the
1RTN coil and then to "ON" to energize the PTO
coil.

Foot Speed Control
Start

In examining the "Start" circuit, it is seen that
the sealing-in circuit is repeated, but there are
three coils to be actuated in the "ON" position
when the Forward-Reverse switch is in Forward;
namely, 1F, 2F, and FR. Coils 1F and 2F ener-
gize only after FR coil energizes when its nor-
mally open contact "E" closes, This relay (FR)
is a safety relay that gives a time delay to switch-
ing, assures positive control of direction, and 1F,
2F coil pick-up and drop-out (i.e., actuation and
release),

In Fig. 6-3 it is seen that when 1F and 2F are
energized, a closed "path" is made for the drive-
motor armature which causes current to flow from
point "C" to "D". I the control panel is examined,
it will be found that 1F and 2R, and 2F and 1R are
mechanically interlocked. That is, if 1F coil is
energized its contacts close and 2R contacts are
open and cannot be closed. The opposite oecurs
if 2R coil is energized, The same is true for 2F
and 1R. This guarantees a closed circuit through

KEY SWITCH
OFF
: > A
°] POWER e
o DISCONNECT A
e P 5
i
+— PTO i
& SWITCH :
o . oFf |ON
— POWER o PTO
“— PACK
pa— 6” | RTN
R PTO "B" |
g RECEPTACLE %‘
RTN PTO
e 0l col
- "o s
SEAT SWITCH _.
Fig. 6-2. E20 PTO Circuit |
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Fig. 6-3, E20 Drive Motor Armaiure Circuit and Control

the armature and prevents short circuiting in For-
ward-Reverse switching.

When the Forward-Reverse switch is moved to
Reverse, FR contacts "E" are open and "F"' are
closed, which allows coils 1R and 2R to energize.
Their eorresponding contacts 1R and 2R close
forcing contacts 1F and 2F open. NMNow armature
current flows from "D" to "C" resulting in revers-
ing drive motor rotation. Observe that if the seat
or brake switch opens, the sealed-in ZRTN coil de-
energizes and interrupts current to 1F, 2F, and
FR, or 1R and 2R which removes power from the
drive motor since the double solenoids seek a neu-
tral or center position when no voltage is applied
to either of its coils,

1A, 2A, 3A
Developing the circuitry further, let's investi-
gate speeds 2, 3 and 4. Assume the drive motor

6-4

has been started and is running forward (in Fig.
6-4), so 1F and 2F contacts are closed.

Further depression of the foot pedal speed con-
trol closes switech 1A which energizes the 1A coil,
This causes the 1A contacts to close and bypass
R1, which increases armature voltage and so0 in-
creases motor speed. Similar action occurs when
switches 2A or 3A are closed. (Note that 1A and
2A can be de-energized by opening CB-3, FU3, or
the brake or seat swiEh.] .

Fwl, 2, 3, 4

Speeds 5, 6, 7 and 8 are obtained in much the
same way as the last four speeds are obiained in
the E15, Fig. 6-5 illustrates the circuitry, again
with the motor running forward. When switch FW1
is actuated with the speed control pedal, it opens
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Fig. 6-4. Drive Motor Armature Speed Conirol

and removes the bypass from R4, allowing it to be
in series with the drive motor field. Operation of
the other FW switches is exactly the same as FW1,
but relay FW contacts must open before speed
changes can oceur in speed control positions 6, T,
and 8. This coil will not energize if armature
current, as sensed by the shunt, exceeds a pre-
determined limit, The sensed current is acted on
by portions of Card 4. When shunt current is low,
the voltage at pads 20 and 13 energizes the FW
coil opening FW contacts, When the shunt current
is high due to unusual loading of the drive motor,
the FW contacts remain closed and prevent opera-
tion of the 6th, Tth, and Bth speeds.

Cruise Control

The cruise control circuit seals in the 4th speed
forward when activated, The circuitry involved is
shown in Fig. 6-6.

f-5

This circuitry demands that 3A switch and FW1
switch be closed before it can be activated, The
only speed control pedal position that meets this
requirement is the 4th speed forward or reverse,
In this position, + 36 volts are available at point
A" and the -36 volt circuit is established through
the closed FW1 switch, The currentpath isthrough
CR411 diode and the 270 ohm resistor to the CC
light causing it to illuminate, which indicates the
circuit is ready for activation,

While the CC &ht is on, the CC switch can be
pushed which causes current to flow through the
CC coil closing both CC contacts, Contacts ""C"
seal in the CC coil the same as previously men-
tioned sealed-in processes occurred. Contacts
"B" seal in coils 1A, 2A, and 3A. The same volt-
age available to the CC coil is available through
diode CR407 (Card 4) to 1F, 2F, and FR coils, or
1R and 2R coils depending on the position of the
Forward/Reverse switch., Now the CC switch but-
ton and the foot pedal speed control can be re-
leased and the tractor continues tg operate in the
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Fig. 6-5. Drive Motor Field Control

4th forward speed until the speed control is de-
pressed past the 4th forward speed position, or the
seat, brake, or key switch are opened.

Charger, Lift, Lights

The charger, lift, and light circuits are iden-
tical to those of the E15, except for wire number-
ing and some of the physical wire connection points,
Refer to Section 1. 11 for operation and trouble-
shooting information.

Forward,/Reverse

In addition to the operation of the Forward,/Re-
verse switch already discussed, another function

is illustrated in Fig, 6-5. This half of the switch
is open in the forward position and allows full con-
trol in forward. When the switch is in the reverse
position, R4, 5, 6 and 7 are bypassed agd the field
weakening f#sitions are not accessible. Diode CR6
is in this cireuit for control of the reverse light
and serves no function in the reverse bypass cir-
cuit except to complete the circuit.

Circuit Breaker CB-3

Circuit breaker protection for the drive motor
is provided in the armature circuit by circuit
bregker CB-1, but the E20 motor also contains an
automatic eireuit breaker, CB-3, that senses in-
ternal motor temperature (see Fig., 6-3 and 6-4).

6=6



CARD +36VDC
6
-. cc _T__ ma EA_S 3#.‘]-'
(1} L1} —
+36 VDC 5 oy T
KEY SWITCH START CARD &
SWITCH
TO START L&
SEAL-IN -~ o— | I
CIRCUIT OFF START CR40T 4 »
ﬂ H
—
LIGHT
- 2ron
Q_ CR411 A"
"cc" swITCH

Fus

=36

voc-=—{T}

-

i
ce
lfc "
OO
col ol
BRAKE
SWITCH
O=T"1 4

Fig. 6-6. Cruise Control Circuit

If the drive motor is overloaded for a long period
of time, so that its temperature exceeds a certain
value, CB-3 opens resulting in 2RTN, 1A and 2A
dropping out (de-energizing). This interrupts all
drive motor power. After a short time, the cir-
cuit breaker will automatically reset and drive
motor power can be restored by releasing the foot
pedal speed control and then depressing it, The
circuit breaker leads are accessible in plug P6.

E20 Drive Motor

The E20 drive motor is similar to that of the
E15. Major differences are: physical size,
available torque, the heat-sensing circuit breaker,
and field connection plug. The open-circuit field
resistance is approximately 15 ohms as is the
El5's. Other servicing procedures for this mo-
tor are the same as for the E15,



No drive motor forgue
in forward or reverse.

Does ZRTN relay energize, NOC,
with foot speed control released?

l

L |
H no, check positive and negative ;
- : < i yes, does 2RTN remain energized
:;ltﬁ{gec :izlrcultr:.r which supplies the as the foot speed control is de-
: - | pressed, NOC?
| I ]
| If OK, check 2ZRTN If not OK, repair
| coil resistance vs., faulty wiring or re-
an identical coil. place defective
component.
e ]
o I no, check 2RTN contacts "A" and "B" If yes, does FR relay energize in
for proper closure. forward when the foot speed control
is depressed?
: B |
I OK, check each con- If not OK, replace
tacts wiring for contin- relay or adjust
uity. Repair as required. contacts.
| il |
i yes, check FR normally open If no, check start switch, fwd. /rev.
contacts for proper closure when switch, and their circuitry for con-
relay is energized. tinuity and the negative return for
1F, 2F, 1R and 2R coils.
| | | ]
If OK, check wiring ¥ not OK, replace ¥ If not OK, repair If OK, suspect
to FR contacts, and relay or adjust faulty wiring or faulty FW relay,
1F and 2F coil contacts. replace defective replace as
wiring for component. required.
continuity. 1
| |
If not OK, repair faulty wiring. If OK, check 1F and 2F coil
resistance vs. an identical coil.

| |
If not OK, replace component. i OK, check drive motor armature
circuit for continuity.
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No drive motor torque in reverse,

Forward operation OK.

See Figure
6-3

Do coils 1R and 2R energize in

reverse, NOC, when the speed
control is depressed 7 (Measure
coil voltage to be 36 VDC when
energized.)
| |
If yes, check contacts 1R and If no, check FR normally closed
2R for closure when energized. contacts for proper closure,
| l [ |
If OK, check I not OK, re- If OK, check If not OK, re-
wiring to 1R place defective the forward/ place relay or
and 2R con- component. reverse switch, adjust contacts,
tacts for T
continuity and [ |
repair as
required. If mot OK, If OE, check
replace all wiring to
switch. FR normally
r closed contacts
and 1R and 2R
coil. Repair
as required.

A N e e ey




Speed control positions 2, 3, or 4
do not give motor speed changes*

See Figure

6-4

Does 1A coil energize, NOC, with
the speed control depressed ?
{Measure coil voltage to be 36 VDC
when energized. )

r

i yes, check contacts 1A for
closure when engrgized.

r

If OK, check
wiring to 1A
contact and
R1 for con-
tinuity. Re-
pair as re-

quired.

If not OK, re-
place defective
component.

If no, check 1A coil resistance

vs. an identical coil.

r

If OK, check
switch 1A and
its wiring for
continuity.

1

I not OK, re-
place defective
component.,

1A coil.

If OK, check wiring to
Repair as

I

If not OK, repair
faulty wiring or re-
place defective
component.

If OK replace

card #4,

Repair as req-
uired.

*Contactor 1A is active in position 2, 2A in position 3, and 3A in position 4. This troubleshooting section
is written for contactor 1A circuitry, but is similar in technique for 2A and 3A.

6-10




Speed control position 5 does
not provide the 5th drive
motor speed change in forward,

See Figure
6-5

Check switch FW1 for proper
opening when actuated.

If OK, check fwd, /rev. switch

for proper opening in forward.
Repair or replace as required.

]

If not OF, replace switch FW1.




None of the last three speed control
positions give drive motor speed
changes, but motor does not overspeed.

See Figure
-2

Does FW relay energize, NOC, with
the speed control in the first for-
ward position ?

1

|

If no, measure 24 VDC or more at
FW coil, NOC, with speed control
in the first speed forward.

[

If not OK,
substitute card
#4 and measure
for 24 VDC at
FW coil again,

If yes, check switch FW2 for
opening when actuated.
s | [

If OK, check If not OK, re- If OK, replace

FW contacts place defective FW relay.

for opening switches.

when energized

and repair or

replace as re-

quired. |
If OK, install
new card #4
permanently.

6-12

If not OK,
check wires
40 and 49 for
continuity and
repair as re-
quired.




Drive motor has poor torque
in speed control positions
1, 2, and 3.

See Figure
6-5

Drive motor overspeeds in
one or more speed control
positions,

Measure field voltage in plug
PG with P6-J6 joined in
speed control position that
produces the abnormal op-
eration in accordance with
the chart on this page,.

If OK, or 36 VDC in all positions,
check drive motor field resistance
to be 16 ohms. Replace motor if

required.

If not OK, check field circuit for
an "open” in lowest speed con-
trol position which gives the
zero voltage reading. This in-
cludes card #3, the drive motor
field and all associated series

wiring.

Field Voltage Chart

Control

Position

Approximate DC. Field
Voltage Measured at
P6. P6-J6 Connected

00 =] O EN s GO B =
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Cruise control inoperative. All
other control functions OK.

See Figure
6-6

Does CC relay energize normally
when the cruise light is on and
the CC switch is pressed ?

|

If yes, check CC contacts

for proper closure.

If no, check CC relay coil
resistance vs. an identical

6-14

I coil.
[ | I
If OK, check con- If not OK, replace f |
tacts wiring for relay or adjust
continuity. contacts. If OK, check coil and CC switch I not OK, re-
wiring for continuity. Repair place CC relay.
I faulty wiring or replace
[ | defective component as required.
If OK, sub- If not OK, repair
stitute card as required.
#4 and retest.
If OK, install
| card permanently,




Lack of power or speed when
operating in cruise control.

See Figure
6-6

Substitute card #4. Retest.

|

K OK, install card #4

permanently.

I not OK, check wiring from card
#4 to 1A coil, 2A coil, and to 3A
coil for continuity.

If OK, retest drive motor for proper
speed changes and refer to the trouble-
shooting section giving those symptoms.

If not OK, repair faulty wiring as
required.




Reduced power.

Refer to troubleshooting section
entitled "'Speed control positions
2, 3, or 4 do not give motor
speed changes. "
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Power pack does not charge fully
as indicated by low SPG readings
of each cell after charging.

See Figure
6-T

Does the manual reset circuit
breaker, CB-2, open whenever
the power disconnect is engaged ?

If yes, check each heat sink
diode for a "short” in each
direction as opposed the normal
short in one direction only.

Replace heat sink assembly
if one or both diodes are
shorted,

]

If no, measure for 40 VDC output
of charger with power disconnect
disengaged.

If OK, check positive and
negative wiring from
charger to power pack,

T

Repair faulty wiring or
replace defective com-

ponent,

If not OK, check heat sink diodes
for "opens" in each direction as
opposed to the normal open in
one direction only. *

|

If OK, check input of trans-

former for 110 VAC.

If not OK, replace heat sink
assembly.

If OK, replace charger
assembly,

If not OK, check timer switch,
line cord and associated wiring
for continuity and repair as
required.

*Since both diodes are in parallel, one of the diode wires must be removed before either diode can be
checked for an “‘open’’. Removing a wire is not necessary to check for a short.
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Sl;arp reduction of tractor range
or power. Operation otherwise

normal.
I

I= specific gravity of all cells up

to the nominal value after a complete

charge cycle ?

l

If no, refer to troubleshooting
section which reads "Power
pack does not charge fully,
ete.

|

If yes, check for a defective
battery as outlined in Chapter 2
of this manual,

If OK, check all high
current motor circuits

If not OK, replace defective
battery.

for poor connections.

If OK, suspect drive

If not OK, repair as reqguired.

motor.




Charger does not shut off.

Does timer knob turn after
starting the charger ?

1

If yes, replace timer motor

or timer assembly.

l

If no, check timer motor input
{not timer switch) for 115 VAC.

[

If OK, replace timer assembly,

6-19

|
|

If not OK, check timer motor
wiring and repair as required.




Attachment does not operate
when plugged into PTO
receptacle when turned on.

See Figure
6-2

Does the PTO contactor energize,
NOC, when the PTO switch is
turned on ? (You can hear or see

| this action. )
| |
| I |
If yes, check PTO contactor Is 1RTN relay energized, NOC,
contacts for condition and with the PTO switch off ?
proper closure.
I L

[ |
I OK, check If not OK, replace If no, check 1RTNeoll re-
wiring from PTO PTO contactor. gistance vs. an identical
contactor to the coil.
PTO receptacle
for continuity. If yes, check 1RTN

[ contacts for proper
| 1 closure when ener-
gized.
If OK, suspecta Jf not OK, repair ;
defective attach- faulty wiring or re- | l
ment power place defective PTO
cord, plug or receptacle as If OK, check coil wiring If not OK,
drive system. necessary. ineluding PTO switch for replace 1RTN
continuity. Repair faulty relay.

wiring or replace de-
fective component as
. required.

If not OK, replace
relay or adjust
contaects.
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Fig. 6-9 E20 Card #4 (Models E20AA and BA only)
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MOTES:
PROJECTION WIRE NO.

BACKVIEW BACKVIEW

(D === NDICATES COMMECTLDN T0 BE MADE UPOM INSTALLATION OF
PANEL INTO TRACTOR

@ cABLES CONMECTION FROM LINE msmqur:T To PTO CONTACTOR
MUST BE 20 INCHES OF #& AwWeG CABLE

@ THIS FIGURE SHOWS MAIOR WIRE CONNECTIONS
ONLY.

@ cALL OUTS ARE wWIRE CODE NUMBERS OR WIRE
TERMINATION POINTS.

& roR PARTS REPLACEMENT SEE CONTROL PANEL
ASSEMBLY FIGURE

PROJECTION

PS

CONNECTION METHOD
TYPICAL FOR CONTACTORS

—TERMINAL PROJECTION
WIRE NO.
—NUT & PiN NO.

BACEVIEW

(CrHassIs)

Fig. 6-11 E20 Control Panel Wiring
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P7 BACK VIEW
BACK VIEW
NOTES:

@ CALL OUTS ARE WIRE CODE NUMBERS
OR WIRE TERMINATION POINTS

(@ FOR PARTS REPLACEMENT SEE CRUISE
CONTROL ASSEMBLY FIGURE

Fig. 6-13 E20 Cruise Control Wiring
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‘ Fig. 6-14 Troubleshooting Sketch, Models 26A%20CA and DA
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E12, E14, E15,E16, E20 ELEC-TRAK TRACTORS

Models 26AE12JA, 26 AEISHA, 26 AE20EA, 26AEI4RC, RJ, AA,
26AEI6RA, RB, RD, AA, 26 AE20RA, ED, EC, and Later

7.1 THEORY OF OPERATION

Operation of the charger, lighting, 1ift and ac-
cessory circuits remains essentially unchanged
from previous models, The control and PTO cir-
cuitry have had several changes, but now all large-
frame models have the same basic operation and
major components, The operation of the E20 model
will be developed since it utilizes the full array of
control elements. Notation will be made indicating
those models which have operating differences.

PTO Circuit

The power disconnect, seat switch, and key
switch must be closed before the PTO outlet can be
activated. With these conditions met, +36 volts
de is available at the PTO switch on wire 5 (num-
ber 5) and the negative return circuit is complete
through wires 24, 23, and 13 (see Fig. 6-1). When
the PTO switch is held in the upper position, this
voltage is applied to the PTO coil through wire 26,
causing the normally open PTO contacts to close
and applying power to any attachment plugged into
the PTO receptacle. When the PTO switch is re-
leased, it moves to its center "Run" position, and
wire 27, which previously had 0 volts dec available,
now has +36 vde since it is connected to the PTO
contactor contact which is now closed. It is these
wires (3 and 27) that now supply PTO coil voltage
and keep the attachment powered, If the coil volt-
age is interrupted by opening the power disconnect,
geat switch, PTO switch or key switch, the PTO
normally-open contacts re-open and the PTO op-
erated attachment power is removed, At this time,
the PTO normally-closed contacts re-close, fur-
nishing dynamic braking for attachments wired for

that purpose.

Start Circait

Assume that the tractor is prepared for forward
operation, When the key switeh is turned to "On",
the RTN relay is energized through the speed con-
trol start switch. Both RTN contacts close, seal-
ing the coil voltage in, so that when the speed con-
trol is moved out of neutral, the relay coil voltage
will remain, and the negative path for the F coll is
completed through the other pair of RTN relay con-
tacts, When the speed control is advanced to actuate
the start switch, voltage is applied to the F coil
(R coil in reverse), opening this contactor’'s nor-
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mally-closed contacts and closing its normally-
open contacts, In Fig. 7-1, current flows through
R1, R2, and the drive motor armature from left
to right, driving the tractor forward. As speed
control switches 1A and 2A close, contactors 1A
and 2A are energized, bypassing power resistors
R1 and R2, and providing the second and third
speeds.

E12, El4 Control

The complete forward operation of the E12 and
E14 is described by the above, When the speed
control is moved into reverse, the voltage applied
by elosing the "Start'” switeh is directed by the
"Reverse" switch in the throttle to the R coil,
which opens the R contactor's normally-closed
contacts and closes the normally-open contacts,
Current flows from right to left through the motor
armature at that time, and the tractor is driven
in reverse. Closing of switch 1A gives the second
speed in reverse in the same fashion as in forward.

Before contactor 2A can be energized in normal
fashion in forward or reverse, the drive motor
armature must be rotating fast enough to close its
built-in centrifugal switch. The Power Pulse
switch bypasses this centrifugal switch during un-
usugal starting situations.

Since the E12 and E14 drive motor has a per-
manent magnet field, no wiring is required for
field control.

E15, E16 Control

The E15 and E168 drive motors are reversed
by the same method as those of the E12 and E14
described previously; that is, when the start switch
is closed in reverse, voltage is directed by the
F-R switch to the R contactor coil.

The additional four forward speeds are available
by opening switches FWS-1, 2, 3 and 4 which allow
resistors to become in series with the drive motor
field (Fig. 7-4). The opening of any combination
of these four switches is voided if the normally-
closed contacts 2AH are closed, or if the Power
Pulse button is held depressed. Both pairs of 2AH
contacts are actuated when the 2AH coil (in paral-
lel with the drive motor armature) has adequate
pick-up voltage applied to it. This voltage may be



inadequate when high armature current through
power resistor R2 causes a reduced voltage across
the armature and 2AH coil. When switch 2A is
closed, coil 2A would not be energized in this case,
because contacts 2AH in series with it are open,
This results in an undesirable condition if forward
motion cannot be obtained during this heavy load-
ing. By pressing the Power Pulse button, the 2AH
contacts are bypassed momentarily, forcing con-
tactor 2A to energize. In this way, resistor R2 is
bypassed and the armature (and coil 2AH) receive
full battery voltage. Since the 2AH relay is now
energized, the Power Pulse button can be re-
leased, 2A remains energized, and the drive motor
armature should continue to rotate.

The Power Pulse button serves an additional
function when it is depressed while operating in
speeds 4, 5, 6or 7. The depressed switch by-
passes all of the field weakening resistors, and
forces the tractor to operate in its most efficient
(3rd) speed until the button is released.

E20 Control

The operation of the E20 is the same as that of
the other models discussed so far with two minor
exceptions: 1) The Power Pulse button is now re-
ferred to as a Cruise Control button, and 2) there
are two RTN relays to control direction, which is
selected before the start switch is actuated (Fig,
T7=-T). The Cruise Control button serves the addi-
tional function of locking the tractor operation into
Cruise Control. One of the RTN relays is ener-
gized, depending on whether the direction switch

is in forward or reverse before the speed control
pedal is depressed, The relay so determined
"seals in" its own woltage, and, with its other pair
of contacts, completes the negative return circuit
for its associated direction contactor coil; either
F or R. When the reverse relay, RTN R, is
selected, the reverse light glows since it is wired
in parallel with the RTN R relay coil.

When the Cruise Control button is depressed,
the four field weakening switches FWS-1, 2, 3 and
4 are bypassed, and the 2AH contacts in series
with the 2A coil are bypassed as was the case with
the E15 and E16, On the E20, depressing the
Cruise Control button energizes the CC relay, pro-
vided the tractor is operating in the third forward
speed. Energizing the CC relay locks the drive
motor operation in the third or fourth speed for-
ward.

During operation in Cruise Control, the Cruise
Control switch can be in the "Fast'" or "Slow”
position, In the "Slow" position, the armature and
field voltages are at full battery voltages of about
36-vde, corresponding to 3rd speed forward., In
the ""Fast" position, the 4th forward speed results
because this has the same effect as opening switch
FWS 1 since the Cruise Control switch is in series
with FWS 1. During operation other than in Cruise
Control, the Cruise Control switch has no effect in
either position, since it is bypassed by the nor-
mally-closed Cruise Control relay contacts, Re-
lease from the Cruise Conirol mode of operation
can be obtained by interrupting power to the RTN
or CC relay coils, including depressing the speed
control pedal beyond the third-speed position.



7.2 TROUBLESHOOTING MODELS E12JA, E14RC, RJ AND AA ONLY

Problem Test Probable Cause

A. Tractor has

2 speeds forward Push Power 1. Repair or replace

2 speeds reverse Pulse Button Centrifugal

motor under no heavy load & get third speed switch on motor
B. Tractor has Normal operation Nothing to repair

3 speeds forward
& two speeds reverse

C. Tractor has less True
power in reverse,

D. Power pulse will only True
work under heavy load.

E. EI12 Motor has no field True, permanent
wiring magnet motor,
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7.3 REPAIRING MODELS E12JA, E15HA, E20EA, E14 AND E16

Problem Test Probable Cause
A. 1. No speeds forward 1. 386 volts across fuse holder Replace control fuse
2. 36 volts across key switch Replace key switch
4.~No speeds reverse 3. 36 volts across seat switch Replace seat switch
3. RTN Relay does not pull down 4. 36 volts across brake switch Replace brake switch
o : 5. 36 volts across drive motor CB| Replace circuit breaker
e " T MR GPRTMING | "¢, 38 ilts RN peiny Replace relay coil
: 7. 36 volts across start switch Replace start switch
wire 5 & 34
B. 1. No speeds forward 1. Burnt or open middle & Replace RTHN Relay
lower RTN contacts on
right side of relay
2. No speeds reverse 2. 36 volts across drive motor Replace drive motor
armature.
C. 1. No speeds forward 1. Burnt or open middle Replace RTN Relay
2. No speeds reverse & lower RTN contacts
3. RTN relay pulls down in on left side of relay
neutral but releases when
speed throttle is moved
forward
D. 1. Tractor lacks power 1. 36 volts across CB-2 Reset circuit breaker
2. Check charger, see P/S
bulletin
3. Run battery discharge test
4, Check continuity of motor
field on E16 & E20
E. 1. Tractor has no speeds forward| 1, With speed throttle 1. Replace F Contactor
forward in normal operating
2. a) 2in reverse for E12/El4 conditions 36 volts across
b) 8 in reverse for E16/E30 tactor 36 volts across small
studs of F contactor
2, With speed throttle forward in 1. Replace R Contactor
normal operating conditions
36 volts across bottom big
studs of R. Contactor
3, With speed throttle forward 1. Replace F/R switch

in normal operating condition
no voltage to F Coil

T-4




Problem

Test

Probable Cause

F. 1. Tractor has no speeds reverse

With speed throttle forward
in normal operation condi-
tions 36 volts across middle
big studs of R contactor 36
volts across small studs

With speed throttle forward
36 volts across bottom big
studs of F contactor

With speed throttle in normal
operating condition no voltage
to R eoil

Replace R Contactor

Replace F Contactor

Replace F/R Switch

Tractor skips the second
speed forward and reverse

With speed throttle forward
measure 4 volts across big
terminals & 36 volts across
the small terminals of the
1A contactor

With the speed throttle
forward 0 volis across
small studs of 1A contactor

Replace 1A contactor

Replace 1A switch

Tractor skips the third
speed forward and reverse

With speed throttle forward
measure 4 volts across big
terminals & 36 volts across
the small terminals of the
2A contactor

Replace 2A contactor
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7.4 TROUBLESHOOTING MODELS E15HA, E16 Aﬂn‘iﬁzﬂm

Problem Test 5 Probable Cause
A. 1. Tractor has two speeds 1. Push power pulse to get 1. Replace 2AH relay
forward, two speeds reverse third speed to press contacts
together
2, 2AH relay doesn't pull 2. Replace 2AH relay
down
B. 1. Tractor has three speeds 1. Press upper & middle 1. Replace 2AH relay or
forward, three speeds reverse contacts to get last press contacts together
four speeds
C. 1. Tractor is missing one or more 1. Check on replacer FW

top four speeds

switches in speed throttle

7.5 TROUBLESHOOTING MODEL E20EA ONLY

second speed in cruise control

A. 1. Tractor has seven speeds for- 1., Replace RTN R. Relay
ward and no speeds reverse
B. 1. Tractor has no speeds forward 1. Replace RTN Relay
and three speeds reverse
C. 1. Tractor has no cruise control 1. Replace cruise control
Relay
« D. 1. Tractor drops to first or 1. Replace diodes
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Fig. 7-5 Tractor Wiring, Models 26AE15HA and Later
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Fig. 7-7 Schematic and Connection Diagram, Models 26AE20EA and Later
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Fig. 7-8 Tractor Wiring, Models 26AE20EA and Later
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ELEC-TRAK MOWER MOTOR REPAIR

8.1 MOTOR INSPECTION

CAUTION: DISCONNECT THE POWER
PLUG FROM THE TRACTOR OUTLET
BEFORE WORKING ON THE MOTOR.

Examine the motor for external damage. Ro-
tate the motor shaft to check for tightness. The
shaft will normally cog, but it should turn if it is
okay, If tight, start disassembly and look for bad
bearings or the armature striking the field magnets.

If there is no external damage and the shaft
turns freely, remove the terminal cover for fur-
ther checking of the motor.

Check the motor for grounds by checking the
continuity between one terminal and the case or by
using a ground checking instrument or multimeter,
The resistance to ground should be infinity, or if a
continuity checker is used, there should be zero
current flow. If a ground condition is noted, look
for a brush pigtail or spring touching the end shield,
or for worn or broken insulators around the termi-
nals, If no ground is found at these points, check
the armature for grounds between the commutator
and the shaft when it is removed from the motor,

If the above checks disclose no faults, connect
the motor to a 36-volt de power source (observe
proper polarity) and run it, checking for unusual
noise or rough operation, (If run on a bench, clamp
the stator securely to the bench.) If the motor
does not run and there is no current flow, examine
for an open circuit in the brush rigging or arma-
ture assembly. To detect whether there is an open
in the armature, rotate the shaft 90 degrees and
recheck. If the motor runs, suspect an open coil
in the armature,

WARNING: MAKE ALL ELECTRICAL
CONNECTIONS BEFORE TURNING
POWER ON.

If there is any unusual noise, look for the armature
striking some internal part of the motor, or for
broken parts when disassembling motor. Check the

shaft to see that rumout is 0.004 inch T.I.R. or less,

as this could be causing vibration or striking. It is
possible that a rough bearing is causing the noise,

B-1

If the motor hums, but does not run, check for
tight bearings or a partially burned armature,

8.2 DISASSEMBLY

CAUTION: WHEN DISASSEMBLING FOR
MAINTENANCE, USE A CLEAN BENCH
WHICH IS FREE OF STEEL PARTS OR
CHIPS, THE PERMANENT MAGNET
FIELD WILL ATTRACT LOOSE PARTS,
CHIPS OR DEBRIS,

Remove the clamp screw nuts,

Remove the brush assembly, Examine the
brushes and the rigging for tightness, excessive
wear, or other visible defects. Each brush should
have free movement in its holder, and if it does
not, any obstruction causing the binding should be
removed. If a brush is broken, cracked, severely
chipped, or if the length is very short, the brush
should be replaced.

Remove the armature from the shell and magnet
assembly. Check the condition of the armature
winding for burns or damage. If one or more of
the conductors are abnormally black or appear
burned compared to the other armature conductors,
it is an indication that power had been applied to
the motor when the motor could not rotate, If
there are deep burned sections on the commutator
bars, it is an indication of an open winding, If any
of the above conditions are in evidence, the arma-
ture should be replaced.

If the armature appears normal and the bearings
show evidence of rust, tightness or roughness, the
bearings should be replaced,

Check the field for loose or broken magnets,
The shell contains permanent magnet field poles.
Inspect and clean the motor prior to any reassembly
to make sure no foreign material adheres to the
magnets, If the magnets are loose or any large
pieces are broken out, the stator should be re-
placed,

On 3-3/8-inch diameter motors, check the
shell's end-flange assembly(ies) for looseness or
incomplete sealing around the flange. If the flange
is loose or the openings are not sealed, an epoxy
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sealing material should be poured into the openings
to give the assembly rigidity and prevent water
entering,

8.3 ASSEMBLY

If the field has been checked and is normal or if
it has been replaced, be sure all surfaces and the
bearing housing are clean., Put a quantity of SRI-2
grease in the cavity below the bearing opening.
This grease helps prevent water entry into the
cavity.

If the armature is normal, clean it and make
sure that the commutator is in good condition. The
commutator bars should not be pitted, burned or
grooved. Slight roughness of a commutator can be
polished away with a grade 400 or finer sandpaper.
Never use emery cloth as the particles of emery
are conductors and may short circuit the commu-
tator bars. Also, do not use oil or other lubricants
on the commutator or the brushes. If the commu-
tator bars cannot be cleaned in this manner, the
armature should be replaced,

If a new armature is not used and the bearings
of the old armature have been removed because of
roughness or corrosion, assemble new bearings to
the armature. These bearings need not be lubri-
cated since they are supplied from the manufacturer
with the correct amount and grade of grease.

If the clamp screws have been removed from the
shell end-flange, they should be reassembled into
that flange so they are snug.

Insert the armature into the shell and magnet
assembly, being careful that the magnetic pull does
not pull it sideways and damage the windings. Make
sure that the lower bearing or flange is seated in
the flange cavity.

Prepare the brush assembly for installation to
the armature by inserting the shim washers (if
used) and bearing spring washer into the housing
and holding in place with a small amount of grease,
Push each brush into the brush holder until its end
will permit the commutator to pass without hitting,
and adjust the spring so that it is against the side
of the brush and will hold the brush in the cocked
position. See Fig. 8-1. Install the assembly to
the upper bearing, and, while it is still about 1,/4-
inch from its final seating on the housing, release
each brush by pushing on the outside end until the
spring falls into its proper position and holds the
brush against the commutator. Seat the flange in
its proper location on the housing and assemble
the nuts to the clamp bolts to hold the assembly to-
gether. Rotate the shaft by hand prior to power
connection to assure proper assembly.

MNOTE:

*m.*.z:::.:.

Fig. 8-1

Connect the motor to a 36-volt de power source
and run it, listening for any unnsual noises or
roughness, The motor should now be ready for
use, Install the motor and make wire connections
to give the proper rotation. Replace the motor
terminal cover.

8.4 GENERAL INFORMATION
Brushes

Brushes should be inspected periodically to as-
sure uninterrupted service, The mower motors
are equipped with two brushes which are accessible
by removing the terminal cover and end flange. To
remove a brush, pull the brush spring away from
the brush and slightly loosen the terminal stud,
Replace with a new brush and tighten the terminal
stud,

Commmtator

When replacing brushes, check the commutator
for wear, If the commutator is worn down more
than 1/32-inch on the diameter (1/64-inch surface),
turning and undercutting is recommended. Usually,
three sets of brushes can be used for each com-
mutator turning. £

Bearigs

Ball bearings are lubricated for life. Under
good conditions, bearings will give over 20, 000
hours of service. A wheel puller and hydraulic
press should be used for removal and installation,
exercising care to prevent distortion to surrounding
parts or damage to the bearing.

8-2



Magnets

The magnets
material. Avoid dropping or sharp blows. There
is no deterioration in magnétic properties with age,
however, demagnetizing will occur with severe
overvoltage (about 150 percent of normal), If de-
magnetizing oecurs, the speed will increase
slightly, Magnets can be purchased only as part of
the shell and magnet assembly. Your dealer can
order the correct part for you,

8.5 BENCH TESTING POWER SOURCE

The accessory charger cord (Part No. 243A-
4817G1) and a large-frame tractor provide a con-

8-3

Fig. 8-3. 3-3/8 Inch Diameter Mower Motor

are made from an oriented ceramic

venient source of 36-vde for bench testing of mower
motors, Before making connections, secure the
motor to the bench (clamp, vise, etc). Then, make
the motor terminal connections with the accessory
cord clamps. Open the tractor power disconnect
(out) and shut the charger off. The power cord
can now be plugged into the tractor's accessory
receptacle. When the power disconnect is pushed
in, the motor should run. If motor rotation is in
the wrong direction, open the power disconnect,
reverse the motor terminal connections, and en-
gage the power disconnect and complete the motor
test,

WARNING: MAKE CONNECTIONS WITH
- THE POWER DISCONNECT DISENGAGED



(OUT) OR INJURY OR EQUIPMENT
DAMAGE MAY RESULT, BE VERY
CAREFUL NOT TO ALLOW THE AC-
CESSORY CORD CLAMPS TO TOUCH
OR BE SHORTED TOGETHER.

8.6 REPAIR/REPLACEMENT PROCEDURE

For in-warranty mower motors, determine the
failed motor component as outlined on pages 8-1
through 8-4 of this manual, IF THE ARMATURE
OR SHELL-MAGNET ASSEMEBLY IS DEFECTIVE,
THE MOTOR SHOULD BE REPLACED; HOW-
EVER, ALL OTHER COMPONENTS ARE AVAIL-
ABLE FOR IN-WARRANTY REPAIRS. In addi-
tion, the armature and shell-magnet assembly are
offered as replacement parts for out-of -warranty
motors if required.

All replacement part and motor orders should
be directed to your ELEC-TRAK fractor dealer.
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8.7 PREVENTIVE MAINTENANCE

The following procedures may be taken to reduce
the likelihood of mower motor fallures:

1) Keep the mower stored in a dry place.

2) When cleaning the mower, never allow water
to be directed on the motor shafts or covers.

3) Clean the mowing area of all debris that the
blades could strike.

Do not overload the mower by cutting grass
too fast. On heavy grass, reduce the forward
speed so that blades rotate at the normal full-

speed.

When mowing tall grass or weeds, make the
initial pass with the mower set in a high
position.

Keep the blades sharp and balanced. Replace
them after several sharpenings if proper
balance cannot be achieved.

Have the dealer service the mower season-
ally, checking for brush wear, commutator
condition, bearing lubrication, etc.

4)

5)

6)
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