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Objectives

Unit Objectives

When finished with this unit the student will be able to define ferms used in electronics,
locate and label components, wire an electrical system, and measure volts and amps. The
student will demonstrate these competencies by completing the assignment sheets and lab

activities and by scoring a minimuin of 85 percent on the written test.

Specific Objectives

Define Volis.

Define Amps.

Define Ohms.

Define Series.

Define Parallel

Define electrical symbols.

List and describe electrical components of an electric vehicle.
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Explain how each component of an elecirical vehicle work together to make the vehicle
functional.

9. Wire an electric vehicle correctly. (Using a module)

10. Measure Amps used to rotate motor.

11. Measure Volts in electrical system.




Basic Electronic Circuits

Circuit — Path for ¢lectrons to flow through. The path is form a power sources negative
{erminal, through the various components and on to the positive terminal.

Think of it as a circle. The paths may split off here and there but they always from a line
form the negative to the posifive.

Conductor - Material {usually a metal such as copper) that allows electrical current to
pass easily through. The current is made up of electrons. This is opposed to an insulator
which prevents the flow of electricity thorough it.
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Simple Circuit

g g MP LE @E E‘% @EJ EY If we break a circuit down to it’s elementary blocks we get:

% 1) A power source — Battery
\ 2) A path— Wire
SR e e e 3) Aload - Lamp/Motor
, R 4) A control— Switch
(OPTIONAL) 5) An indicator - Meter
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INDICATOR
(OPTIONAL)



Series / Parallel

Series — An electric circuit connected so that current passes through each circuit element in

turn without branching.

A series circuit has more than one resistor (anything that uses
electricity to do work) and gets its name from only having one
path for the charges to move along. Charges must move in
"series" first going to one resistor then the next. If one of the
items in the circuit is broken then no charge will move through
the circuit because there is only one path. There is no alternative
route. Old style electric holiday lights were often wired in series.
If one bulb burned out, the whole string of lights went off.

Parallel — An electric circuit connected that current can pass
through different paths of the circuit.

A parallel circuit has more than one resistor (anything that uses
electricity to do work) and gets its name from having multiple
(parallel) paths to move along. Charges can move through any of
several paths. If one of the items in the circuit is broken then no
charge will move through that path, but other paths will continne
to have charges flow through them. Parallel circuits are found in
most household electrical wiring. This is done so that lights don't
stop working just because you turned your TV off.

-
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Volts, Amps, and Ohms

The three most basic units in electricity are voltage (V), current (1) and resistance (r).
Voltage is measured in volts, current is measured in amps and resistance is measured in
ohms,

A neat analogy to help understand these terms is a system of plumbing pipes. The voltage
is equivalent fo the water pressure, the current is equivalent to the flow rate, and the
resistance is like the pipe size.

There is a basic equation in electrical engineering that states how the three terms relate, It
says that the current is equal to the voltage divided by the resistance.

I=Vir

Let's see how this relation applies fo the plumbing system. Let's say you have a tank of
pressurized water connected {o a hose that you are using to water the garden.

What happens if you increase the pressure in the tank? You probably can guess that this
makes more water come out of the hose. The same is true of an electrical system:
Increasing the voltage will make more current flow.

Let's say you increase the diameter of the hose and all of the fittings to the tank. You
probably guessed that this also makes more water come out of the hose. This is like
decreasing the registance in an electrical system, which increases the current flow.



Yolt — Measurement of electromotive force

Webster's:

The International System unit of electric potential and electromotive force, equal to the
difference of electric potential between two points on a conducting wire carrying a constant
current of one ampere when the power dissipated between the points is one watt.

Yoltage is the electrical force VO LF&GE
or “pressure” that causes current to ) .

TR

flow in a circuit, It is measured in R — 3
Volts. Take a look at the diagram. NP e “
Voltage would be the force that VOLT& ¢ ;‘i

is pushing the water forward. ™

Amp — Measurement of current of electrons flowing through a conductor

Webster's
The basic unit of eleciric current adopted under the System International d'Unites; "a
typical household circuit carries 15 fo 50 amps"

Current is the movement of electrical charge —
the flow of electrons through the electronic
circuit. Current is measured in Amperes
(AMPS). Current would be the flow of water
moving through the tube.

SEAALL 3
CURREHT
S w—
LARGE =
CEIREENT )
L= -

Ohm — Measurement of the resistance to the flow of current




Webster’s
A unit of electrical resistance equal to that of a conductor in which a current of one ampere

is produced by a potential of onie volt across its terminals.

Electrical Symbols

—d_ Battery

Ammeter Conductor
Fuse .
I
Voltmeter Light
4
\ Switch

Motor



6.

7.

. What is an amp?

Quiz 1

. What is a conductor?

What is a series circuit?

What is a circuit?

. What is the difference between a series circuit and a parallel circuit?

Voltage is the that causes current to flow in a circuit?

What is the measurement of the resistance to the flow of current called?

Matching

8.

9.

10.

I1.

12.

13.

14.

15.

Fuse
@
Light -

F
Switch

Motor ,!.
Voltmeter

Battery D

Ammeter ‘ .
S
Conductor T )




Quiz 1 Answer Key

1. What is a conductor? Material that allows electrical current to pass thrbugh it

2. What is a series circuit? Circuit that is connected that current travels without branching,.
3. What is an amp? Measurement of current

4. What 1s a circuit? Path for electrons to flow

5. What is the difference between a series circuit and a parallel circuit?

In series, current goes thorough each element without branching. Parallel current

can pass through different paths of the circuit.

6. Voltageisthe  that causes current to flow in a circuit? Electrical Force

7. What is the measurement of the resistance to the flow of current called? Ohm

NORERO

Matching
8. Fuse

9. Light

Q = ¢

10. Motor

B F

11. Switch

\%
12. Ammeter E
13. Conductor F T’ _

=

14. Voltmeter A

15. Battery C D



Components of Electric Vehicles

Batteries- Power Drive vehicles are powered by 2 — 12 volt batteries.
These batteries supply the energy for the vehicle to move.

Motor - A permanent magnet motor propels Power Drive vehicles.

Controller — This controls the amount of current that is supplied to
the motor from the batteries,

Potentiometer — This sends a resistance signal to the controller
to tell the controller how much current to allow to pass through
it. Also call a not hox.

Fuse — This assures that excessive current doesn’t pass through the
system and damage components.

Ammeter / Voltmeter— This shows how much current it passing
through the circuit, displayed in Amps. It also shows how much
voltage is left in the batteries to use.

Shunt - Tells the ammeter the amount of current that is passing
through the circuit.




How the Components of
Electric Vehicles Work Together

The two 12 volt batteries supply the vehicle with the energy to move the vehicle.
These batteries are connected in series to produce 24 volts, and are connected to the
controller. In the cables connecting the batteries and the controller on the negative side,
the fuse and shunt are placed. The fuse keeps the electrical components from damage due
to excess current. The shunt tells the ammeter how many amps are passing through if at
any time.

The controller regulates the amount of current that is passed from the batteries to
the motor. The motor rotates when it receives electrical current. For the controller to work
properly the potentiometer is connected to the controller. The potentiometer sends a
resistance reading to the controller to tell how much current to pass through. Without the

potentiometer you would have 100% current or no current going to the motor.



Wiring the Electric Vehicle

Connecting Batteries to the Controller

As stated earlier the batteries contain the energy needed to propel the vehicle. These two
12 volt batteries are connected to the controlier in series, meaning that the circuit is 24
volts. (12 + 12 =24) On the controller there are four large terminals. The terminal
labeled B+ gets connected to the positive side of the batteries. The terminal labeled B- gets
connected to the negative side of the batteries. You need to put you shunt in this cable. On
one of the cables connecting the batteries to the controller you need to put a fuse in. This
fuse will help you keep from damaging or destroying components.

Fuse Shunt Controller
e < /
_ o ——
+ // \

//”'

Batteries

\ M- /™ 1

Connecting the Controller to the Motor

To connect the motor to the controller you need to connect the B+ terminal on the
controller to the + (positive)} terminal on the motor. Then connect the M- terminal to the —
(negative) side of the motor.

Controller

\*




Connecting the Potentiometer

First you need to connect the B+ terminal to the top small terminal. You need to puta 10
amp fuse in this connection. Next you need fo connect the two leads from the
potentiometer. Connect one lead to each of the bottom two small terminals.

Controller

T/~ Bt [ B[]

M- T 1

Potentiometer

Connecting the Brake Light

You’ll need a switch and a light for this. First run a wire from the positive terminal on the
battery to the switch, making sure to put a fuse in. Then run a wire from the switch to the
brake light and connect the wire to one of the leads on the light. Then connect a wire to the
other lead and connect it to the negative terminal on the battery. Now when you {flip the
switch it should light up the light.

el I
Batteries o e
\ B R pd
- 4 Switch

Connecting the Ammeter



Connect one of the leads of the ammeter to one side of the shunt. Then connect the other
lead from the ammeter to the other side of the shunt,

Y —

Connecting the Voltmeter _
Connect the + positive lead of the voltmeter to the B+ terminal on the controiler. Then
connect the — negative lead of the voltmeter to the B- terminal on the controller.




Wiring Schematic

12VOLT
BATTERY




Assignment

Using the Power Drive Electrical System module, locate, and label each component. Next
connect the components together to make the electrical system work properly.

The following must be completed before assignment is done:
Each component labeled correctly

Proper connection of all battery cables
Proper connection of motor cables

Proper connection of Potentiometer

Proper rotational direction of motor
Functional brake light controlled by a switch
Functional ammeter

Functional voltmeter

Read volts available in system

Read amps being used in operation of motor

¢« & & & o @

Following completion of this module, you must write a summary of what you learned
from this activity, and any problems you encountered with this activity. Also list each
component and tell what it does.




Assignment Answers

Batteries Controller Motor Shunt

Potentiometier Fuse Ammeter / Voltmeter

2. Fuse Shunt Controller

./

+ -
rﬁ@  —— \
B e — \E ™
P
Battexies — B B- &l
\ T-
AR e B —
- +
3.
: Bt |
Contyollex o




Assignment Answers

4. — Controller
J A
—"rx. B BT
:]/\V;
M- /) C—1
"
™ Potenticmeter

5. Should turn in direction on module.
6. See if brake light works
7. See if ammeter works
8. See if voltmeter works
9. Tell how many volts are in the system

10. Tell how many amps are being used




Test

8.

9.

. What is the purpose of the fuse?

To get 24 Volts the batteries must be wired in

What is an Amp?

‘What is the purpose of the shunt?

A measurement of resistance is

Pot Box is a nickname for what?

Draw the switch symbol.

What is the main purpose of the controller?

Briggs and Stratton make which motor?

10. What is a Voli?

11. Which component is this?

12. Which component is this?

13. What does parallel mean?

14. What is the purpose of the component in question #13?

15. What symbol is this?




Test Key

1. What 1s the purpose of the fuse? Protects components from too much current and damage.

2. To get 24 Volts the batteries must be wired in _Series

3. What is an Amp? Measurement of current of electrons flowing through a conductor

4. What is the purpose of the shunt Tells the amount of current passing through the circuit

5. A measurement of resistance is  Ohm

6. Pot Box is a nickname for wh~*? P~tentiometer

7. Draw the switch symbol. \r

8. What is the main purpose of the controller? Control current from batteries to motor

9. Briggs and Stratton make which motor? Etek

10. What is a Voit? Measurement of electromotive force

11. Which component is this? Shunt

12. Which component is this? Potentiometer

13. What does parallel mean? Circuit connected that current can pass through different
paths of the circuit.
14. What is the purpose of the component in question #137 This sends a resistance signal
to the controller to tell the controller how much current to allow to pass throush it.

15. What symbol 1s this? Battery

T




Assessment

Points Available

Points Earmned

Lab activity 100

10 points for each part
Written response 50
Test 90

6 Points for each question




Teacher Supplement

The Etek Brushless Motor System.
An evolution in advanced motor technology.

The Etek Brushless Motor System is just one more reason why leading commercial
equipment manufacturers partner with us to deliver performance advantages.

This fully integrated electric motor system features an industry-first brushless, axial gap
design and a programmable electronic motor con{roller. Because motor brushes require
routine maintenance, their elimination in the Etek Brushless Motor System significantly
minimizes maintenance and increases overall reliability. This in turn assures significant
cost savings for the end-user over the life span of a piece of equipment.

The Motor

Featuring a pancake-style axial gap design, the motor utilizes high-strength Neodymium
Iron Boron (NeFeB) magnets in a disc rotor arrangement to produce up to 15.0 HP (8.0 HP
continuous). This arrangement assures higher torque at lower speeds in one compact
package. Also contributing to enhanced productivity is a sealed alurhinum motor housing.
This housing provides durability, while working to keep contaminants out, which ensures
peak motor efficiency under a variety of environmental conditions.

The Controller

The programmable electronic motor controller assures high performance and efficient
power management. This innovative component electronically performs the function of
brushes in traditional brush-type motors. The programmable nature of the electronic motor
confroller allows motor system performance to be maximized for a number of commercial
equipment applications, and in some applications eliminates the need for a separate
transmission.,

Bjarngd VRPN

Koltage: B0 ViU oo
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Student Supplement

Curtis PB-5 Style Pot Box, Potentiometer reads 0-5k Ohms
Dimensions: 3-3/4” high, 4” long, 2-1/16” deep

Weight -0.89 LB Price - $70.00

Alltrax, 24-48 volt, 300 amp, Fully Programmable Controller
Capable of changing settings such as voltage, amps, temperature, etc.

Programming functions: Throttle ramp, Throttle response rate, Battery
over/under voltage cutback, maximum output current.

Weight —5.50 LBS  Price - $279.45

Lemco LEM-170 12 to 48 Volts DC Lynch Motor

This is the latest, second-generation design, which is imported from
England.

" Motor spins at 75 RPM’s per Volt

Weight —17.20 LBS Price - $1,650.00

Briggs and Stratton 24-48 Volt DC Etek Motor
Briggs and Stratton version of the Lynch motor.,

Motor spins at 72 RPM’s per Volt

Weight - 23LBS  Price - $375.00




Wiring Schematic from Curtis model 1204/5 Controller Manual

GCONTHOL WIRING

. PEDAL
FUGE KEYSWITCH INTERLOCKS RCROSWITCH
— D i e
- POLARITY [

FROTECTION
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+ PARTAL ST
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™ =)
!
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Fig. 18 Busic wiring for wse with PM inotore.




Maintenance Chapter in Curtis Controller Users Manual

MAINTENANCE & ADJUSTMENT

MAINTENANCE & ADJUSTMENT

Curds 12041205 conrroflery and pothoxes require only minimal main-
tenance if properly installed. NnoTE: The controllers are sealed and thus
are not held serviceable,

CONTROLLER
Maintgnance

[t is recommended that the following two steps be pevformed occasion-
ally. First remove power by disconnecting the battery, and discharge
the capaciters in the concroller Gwith a lighe bulb ara 2-10 €2, 25 W
resistor connected for a fow seconds across Ba, B-), Follow good salery
pracrices: get the vehide drive wheels off the ground, wear safery glasses,
and use insulaved rools (see page 2).

1. Make sure the elecoical connections to che controller (and to the
mMoror, contactors, eie.) are tight. When checking the controller
bus har connections for tightness, use two opposing wrenches,
This double-wrench technique will help avoid punting stress an
the bus bats, which could crack the seals. Always use insulated
wrenches.

b

fnspece all seals ac the fronr and back of the concoller. IF
NECessiry, Use a moist sag to wipe these areas clean enough so that
you can see the scals. Look for cracks and ocher signs of seal
damage.

If the seals are intact, clean the conwroller thoroughiy eisher by
washing it off or by wiping it clean with 2 moist rag. Power must
not be reapplied until the controller terminal area is com-
pletely dry.

If the seals have been damaged, there are several possible
causes. Perhaps the double-wrench rechnique was not used when
the cables were installed. Perhaps the vehicle's environment
requires that the coneroller be better prawected; either by mount-
ing it in a different location, or by installing a prorective cover.

Damaged seals can lead to fauley operation. We strongly
recommend replacing controllers that have fauley seals.

22
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MAINTENANCE & ADJUSTVEN]

Adiustment

On sotne models, the plug braking current and acceleration rare settings
are adiustable. On these adjustable controllers, the adjustment pots are
Incated as shown in Figure 18,

Fig. 18 Adyussnent

j)f)u"}.‘.

g Z
< Bt G CURIRENT ADJUST ~ AGCELERATION RATE ADJUSY
{CW = highar plug curent) {OW = fagter socelsalion}

Use rthe following adjustment procedure, The keyswitch should be off
during adjustment,

1. Remove the socket head screw (1/8™ Allen) for the adjusiment
you want ro make,

Adjust the internal potenticroeter using a small insalated screw-
driver (auazlable from Curtis).

I

3. Replace the socket head serew and nylon seal washer, Ta pre-
vent stripping, do not over-tighren.

Curtis PMC 120471206 Manul 23




MAINTENANCE & ADJUSTMENT

POTBOX

Maintenanc

Potbox maintenance is similar 10 conroller maineenance: inspect lor
integricy of connections and mounting, and clean (with a moist fmg) as
required.

Adjustment

Curtis PMC potboxes are factory set and rarely require user attention. Tao
test and adjuse, connece an ohimmeter to the poibox wires and use this
procedure:

1. With the spring holding the lever ann against the return stop,
the resistance should be less chan 50 ohms. Slowly move the
lever. If vhie resistance abruprly stares to increase when the lever
is 3 mm (1/8") from the stop (1.5 min [1/16"] for potboyes
withour the microswitch}, no adjustment is needed.

2. Wadjusement is required, joosen the screw holding the lever on
the por shaft, Use a screwdriver ro rotace the pot shaft slighdy
with respect to the lever. Recheck the point ar which the
resistance starts to increase and continue makil‘:g ad}usrmm‘lts
unnil the increase oceurs ar 3 mm (178 {ac L5 s {1167} for
pothoxes without the microswitch], When adiustment is cor-
rect, tighten the surew holding the lever on the pot shaft, then
recheck to see thar this action did not disturb the adjustment.
Make sure thar the lever is sull seated down on the por shaft
helow the slight bevel on the end of vhe shaft.

3. Check the resistance with the lever ;mshcd ail the way o the
ather stop. It should be between 4500 and 3500 ohmes. it i
ougside this range, the potbox is fauliy and should be weplaced.

4. Far pothoxes equipped with a microswitch, check for correct
switch operation. Use an ohmmeter, or simply Hsten for the
slighe click the switch makes. [t should operate when the lever
is 1.5 mm {1/16") from che rerumn stop. i does nor, adjust by
loosening the two screws holding the slotied microswich mount-
ing plare to the stop spacers and moving the plate. Recheck the
switch aperating point afrer tightening the screws,

Curtls PMC 1204/ 1205 Manual



Troubleshooting Curtis Controller
TROUBLESHODTING & BENCH TESTING

TROUBLESHOOTING
AND BENCH TESTING

Sore bebaviors that may seemn to suggest controller malfienction do not, in fact,
indicare a problem bt varber are typical of nevmal opevation, Before under-
taking the diggnostic tests, cheok to see whether your problem is addvessed in
the frrst section, “Operational Notes.” The diggnostic tests are designed 10
enalile you to determine whether the trouble s in the controller or i some other
pave of the motor condrol civcuirey. The eontrollers themselves are sealed
and not field serviceable; convact your local Curtis PMC service center
if the problem is in the controller, The diagnostic section provides enaugh
detiail to enable you io track circwityy problems to their source und vepair theom.
Finally, the benek wests will allne you o confirm controller nperation i a
simple, bow-power test configuratian, Rench wsting is primarily intended for
checking out a number of controflers on & reqular basis.

OPERATIONAL NOTES

Nolse

Canuroller operation is normally silent. An exception is thata 1 kHz tone
may be heard during plug braking, This noise is normal and indicates that
plugging is tking place. The noise will stop when plug braking stops.,

[nability of Vehicle to Plug Brake to a Stop on a Steep Ramp

If the vehicle is rolling hackwards down « steep ramp in veverse and the
throrle is applicd demanding forward drive, the controller will atenupt o
plug the vehicle to a seop, I the ramp is so steep that che plugging current
setpoint is insuflicient to stop the vehicle, ic will continue ro be braked but
will neverdicless roll down the ramp. If the mechanical brakes are applied.
and the vehicle is stopped, the full deive current will be available when che
throttle is applied and the vehicle will proceed up the ramp,

Stuggish Vehicle Behavior

Loss of power will be noticeable when the bacteries become overly
discharged. This is a normal response 1o Jow battery voliage, Cartds PMC
1204/1205 controllers are designed o protect against damuage caused by
low hatteries. On 24-36 volr controllers, for example, power to the motar
is cut back when the volinge goes below 16 vols, Refer 1o the specifica-
dions (Appendix C) for other models.

Curlis PMC 120471205 Manual | 25




TRGUBLESHOOTING & BENCH TESTING

Hot Conirclier

1f the controller gers hort, it does not necessarily indicate aserious problem.
Curds PMC 120411205 conrrollers protect themselves by reducing power
0 the motor it cheir internal temperature cxceeds 75%C (167°F). Power
output will be reduced for as fong as the overheat condition retuains, and
Full power will rerurm when the unit cools.

In typical applications, overheating will rarely be 4 problim. How-
ever, operation with oversized motors and vehicle overloading may cause
averheating, pardeutarly if the controller is mounted so that heat cannor
be conducted away from its case or if other heat-generating devices are
neatby. If thermal cutback occurs olten during normal operation, the
controller is probably undersized and should be replaced with a higher
Current l1ii)Liﬁf—l.

Unirtendad Actlvation of HPD

Sudden applicarions of full throwde may activate the HPD featore, in
applications where the pedal microswicch is wired in line wich K51 Thg
happens if the potis rotared well into its active sooke before the microswiich
can eause the controller to power up. Narmal nonabusive application of
the thractle should not cause dhis action,

iIN-VEHICLE DIAGNQSTIC TESTS

These tests requite a general purpose volt ochimmeter; you can use either
a conventional “Y-O-M" or ap inexpensive digital volumerer.

The troubleshoating chart fupposite) serves ws a guide to the proce-
dures that follow. Before starting these tests, refer w the appropriace
wiring diagrams and make sure vour controller is hooked up properly.

% = )
Worlking on electric veliicles is potentially dangerous, You should
protect yourself while performing the diagnostic tests by jacking up

the vehicle to get the drive wheels off the ground, opening the bareery
circaic before working on the moror conwol circuie, wearing satety

plasses, and using properly insalaced wols (see page 2J.

—

Sa—

76 | Curtis PMC 12041205 Manual



TROUBLESHOOQTING & BENCH TESTING

Fig. 18 Guide to ronbleshooting procedures. [To use this guide, refer ro the specified [EETEEES.

Gheck \roliage at coNTROLLER B- and B‘A‘!TFRY B+ termmals

H shau!d fead fuﬂ Volrage for sialem.

Bad, dischargaed, or miswlired
hatterias, or coroded
conneclions.

Check vollag@ ai CONTROLLER BA dnd CONTROLLER B+ ferminals,

h‘ showld read 7 to 5 vofz‘s iess i'han fudi ba!fery vol!ag&

700 HiGH: contaclor is welded., |3
TOG LOow: 250 0 resisior oy
« conjroller is defectlve,

Chack valtage at caniactm aﬂd at KSI [ermmal

Con:’acfor shouid a‘ead fuh' raied voh‘ags, and KSI st be abo ve SV

1] Tracellow to locale
1 prablam.

Check mnage across cohtacter power temrmals

TR _ﬁ

i voltage <rop octurs,

Tbere shouid be no measurable voffage a’rc}p.

confactor is defective.

A St

Chnck reslstance. at polbox Wires wh:le depresssng pedal

F?esfstance shoula’ be batwveen Gmﬂ obhims with pedaf uP, and
45005500 ohms witlh pedal Do,

Defective potbox, biroken wires|.
te pothox, or improper ’
machanical operaticn.

Cherk for shor!s hretween peibox wires and V{%hJCiG ?mme

Fs’esistanc,e should be a! Ieasz 7 megaﬁm

If lowar than 1 M2, wirin
pothox s defective.

g or !

Vo}tage shoufcf be 3 &lo 4 ,e voits wz!h pedaf P,
and 8.7 ta 10.3 volts willy pedal ROWNR,

Chesk vc:ltage at upper throttie mput rermmal on camrolier ﬁ

Totminal arga is probably
contaminated with acid ar
dirt,

Check vollage output whsla depre%ing pedal {B+ to M }

Va!raga should be zare sw(h pedal ur, and full b&!fé{}f uo,frage
with pedal DoOWN.

Coniroller is defectiva, ﬁ

Check current in contreller’s k- (mator field) lead wiile
depressing pedal

Cuurrent should be hjgh and Mot shouid furn,

if no current, look for opan
circull, if urrent ig high but ;
motos won't furn, chask motor, [

wiring & plug dicds,

Cunrlis PMC 120471208 Manual
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TROUBLESHOOTING & BENCH TESTING

=

| 2-A

Check for power to the controller

Leave the keyswitch off for these tests.

| Verify that battery {-) contiects wo the B- terminal of the conooller.

Conneet volumeter () lead o this poine.

Connece volumeter {+) to the battery side of the main contactor.
Check for full battery vohage. 1f it is not there, the trouble i in the
battery pack, che cables o i, or the power fuse.

Connect the voloneter (+) lead to the controlier Bt terminal, You
should read a voleage 1 1o 5 volis less than the full bacery voltage. If
this voltage is zero or dose to vero, the rrouble is either a bad
controller, 2 bad 250 (2 resistor across the contactor, vran incarrectly
connected cable between the contactor and the controller, Trace the
cable to make sure it ishooked up right. Remove and test the 250 Q
resistor with an ohmmeter. 1 these check ourt, the controller is
malfuncrioning, I you see full battery voltage at this point, then the
contactor has welded and must be replaced.

B4 Check for main contactor operation and KS!

Turn the key on, place the forward/reverse swirch in forward or
teverse, and depress the foorpedal undl its microswitch operates. (In
these proceduses, we assume the foorpedal is equipped with the
recommended microswicch.)

This should cause the main contactor ro operate with an audible
click. Connect the volmmerer across the contactor coil rerminals, You
should sce full baccery voltage (minus che polarity diode drop).

The coneroller KSI terminal should also be gerring full battery
voltage. Verify thisby connecting the voltmerer {-) to the conuroller’s
B- terminal, abd the valumerer {+) w the controller's WS terminal,

If the contacror and K8 terminal are not geting voliage, that's the
problem. Use the voltmeter to Bnd our where it is not getding
through. Connect the volrmeter () to the conroller’s B- terminal
and check the following points with the volemeter {+] lead o trace
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TROUBLESHOONNG & BENCH TESTING

the flow: 1. First, check both sides of the concrad wiring fuse,
2. Check both sides of the polarity protection diode ro
muake sure irs polarity 18 correcr.

[N

. Check both sides of the keyswitch.

3. Check buth sides of the pedal microswitch.

b

Finally, check the contactor coil amed controller KS1.

FEH I the conwctor coll and KSI are gedting voltage, make sure the
conracror is really working by connecting the voltmeter across ity
contacts (the big terminals). There should be no measurable volage
drop. If you see a drop, the contacror Is defective. (We assume the
recommended precharge resistor 18 in place.)

BTl Check the potbox circuitry

The following procedure applies o the standard throttle inpor configura-
tion for these conerollers, whicl is a nominal SkQ por connected as a ewo-
wire theogtat (0 = full off) 5 kL2 = full on), and also to 3k£2-0 configura-
rions. Some 1204/12085 controllers are sold with other input characreris-
tics. If your installation uses @ controller with a chrottde Inpur other than
0-5k€2 or SkE2-0, find our what s range s and wse u procedure
comparable to the onc below 1o niake sure your pedal/pothox Is working
correct]y,

EFY Wirh the kevswitch off, pull off the connectors going to the throttle
inputof the controller. Connect an ohmmeter to the two wires going
1o the potbox and measure the resistance as you move the pedal up
and down, The resistance at the limiws should be withis these ranges:

RESISUANCE  {inn ohme)
CUAMDARD '
O-SkE2ror SkQ-0 vor

Pedal up: HIY)) 4304 —- 5300
Pedal diwn: 4500 - 5500 1 - 30

If these resistances are wrong, it is bevause the pot iwell is faulry, the
wires to the por are broken, or the pedal and iw linkage are not
maoving the porhox lever chrough its proper travel. Acruare the peda
and verify that the potbox lever moves from conacting the pedal-up
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IROUBLESHOQTING & BENCH TESTING

stop 1o nearly contcting the pedal-down stop. If the mechanical
operation looks okay, replace the potbox.

While you have the pathox wires off the controller, usc an ohmmerer
to check for shorts berween dhese wires and the vehicle [rame. You
should see a resistance of at least 1 megohm, Wit is lower than thay,
inspect the wiring for damaged insulation or contact with acid. If
necessary, replice the potbox.

Push the wires back on the controller terminals. It docsn’t mateer
which wire goes on which wrminal.

Inspect the rerminal area of the conwroller closely, Occasionally a
buildup of dircaracid residue of a conductive natuse causes clectrical
leakage berween the chrorde input cerminals and the B- or M-
terminals, leading to faulty controller operation. To check for this
prablem, measure the voliage ar the appropriawe throwde inpue
terminal (upper for 0--5kQ pors, lower for 5kQ-0 pots), by connect-
ing the volumerer () lead ro the controller’s B- terminal. The
keyswitch must be on and a direciion selected {or this test.

ACCELERATOR INPVT YOLTAGE  fin volis)
seaNeARDs '
=3k poy Sk pon
SRR TERIGAS LOWER Haiid
Pedal up: 3.8 4.3
Pedal down: g5 10,2

Compare your readings with these; if they are different by more than
a few tenchs of a volr, contamination is probably the cause.

Caretully clean oft the terminal area of the coneroller with a cotton
swab or clean rag moistened with water, and dry thoroughly.

Be sure to turn everything off
before cleaning,

Now test the controller to see if proper operation is restored. 1 so,
take steps to prevent this from happening again: dirt and water must

ot
"

he kt:pi from reaching che rerminal area of the concrolier. If che
voltages are 5tl] out of range, the coneroller is at faule and should be
replaced,
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TROUBLESHOOTING & BENCH TESTING

AE

Check for controtler output

The first step s o messure the output drive voltage 1o the mowor at
the controtler’s M- terminal.

Cantect the volrmeter {4) lead to the conrroller’s B+ terminal,
Connzer the voltmerer (2) lead o the conerofler’s M- terminal,

Turn on the kevswirch with the forward/reverse switch in neutral,
and then selectadirection and watch the volomereras voudepress the
pedal. The voltmeter should read zero (or close ro zero) before you
apply the pedal, and should read full batiery voltage with the pedal
fully depressed. 1f it does not, the conwroller is defective and must be
replaced.

The next step is ro measure the current in the controller's M- lead.
[f you have & means of measuring his high de current, such as a
shunt/meter Setup or a fc]ztmpuon de ammeter, use it. If not, we
recommend thar you buy an inexpensive ammeter of the type thar
is simply held againse the wire being tested. These are readily
available at aure parts stores, and thetr accuracy s adequate for this
st

Turn on the keyowirch with the forward/reverse switch in neutral,
and then select a direction and warch the ammuerer while depressing
the pedal.

If you see no curvent flowing in the M- Jead, the problem isan open
circuit in the motor or the wiring between the motor and the
controller. Check the Forward/reverse swirch. tf your vehicle uses
contactors for reversing, check to see that they are operating and that
their conractsare closing.  these are okay, check the mororarmatuee
and field for opens.

If you do see a high current flowing in the M- lead, but the motar
does o curn, the problem @ a shore in the motor cirouis, a miswired
mator, orashort in the controller’s internal plug diode, Test che plug
diode as follows:

I. Remove pawer by opening the hateery circvie. Take
the cable off the controller's A2 rerminal.
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TRGUBLESHOQTING & BENCH TESTING

2. Use an ohimmeter wo chieck the resistance berween
the contreller's A2 and B+ serminals. You are wsting
for the presence of a diode inside the conrraller, so
swap the two leads of the ohmmeter and ook for a
low resistance one way and a much higher one the
other way. If yonr meter has a diode test funcrion,
use 1r.

If you find the diode to be shorted, the controlleris
defective.

[

EXAl Put the A2 cable back on the conroller and reconnect the bartery,

BER I the plug diode is okay, there is u short in the motor civeuis. The
short could be in the forward/reverse switch, so look there firse,
Because the resistance of dhe mortor is 30 low, the motor muse be
tested separarely i1 it is suspected of havitg a sharred winding,

BENCH TESTING

First, before starring any bench wsting, pick up the controller and shake
it. If anything ractles around inside, the unit should be retumed.

Protect yourself during beneh testing, Wear safety glasses and use
insulated rools.

Equipment Needed

The simple setup shown in Higure 20 is required for tesing rhese
conwollers on the bench. You will need:

1. a POWER SUPPLY wich a voltage equal w the rating of the
controller you wantro test. You can use either astring of batteries
or a regulated line-operated power supply. Because only low
power tests will be deseribed, a 10 amp fuse should be wired in
sevies with the batreries o protect hoth operator and controller
against accidental shorts, A bactery charger alone should noi be
used as a power supply. because withour a bartery load is ourput
volrage may exceed the rating of the conooller.

2. an ACCELERATOR POTBOX. For conrrollers with rhe
standard inputconfiguration (a 5 k€ porwired usa owo-terminal
sheostar). a Curris PMC potbox orany 5 k€ poc will work fne.
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TROUBLESHOUOING & BENCH TESTING

For controllers with ather input options, use wharever kind of
porbox is used on the vehicle.

3. a POWER SWITCH 1o disconnect all power from the rest
serp.

4, a MAIN CONTACTOR with a 230 ohm. 5 wart resistor
across its high-power contaces and a KEYSWITCH ro mm iron
and off.

5. a TEST LOAD consisting of incandescent light bulbs wired
i series to get the sane voltage as your power supply. (For
example, with a 36 volt bareery, use three 12 volt bulbs.)

6. a general purpose VOUT OHMMETER or DIGITAL
VOLTMETER.

Fig. 20 Setup for bench testing.

C iy
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KEYSWITCH - gwitcH (A £ contacton

POWER SUPRPLY
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POTEOX ]
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throlile input)

TESYLOAD
ite match battery voltage)
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TROUBLESHOOTING & BENCH TESTING

Banch Test Procedure

A

.

Hook up the controller as shown, Connect the voltmeter leads ro the
concroller’s B+ and B- terminals.

Turn on the power switch (not the keyswitch} and warch the
voltmeter, 1ts reading should build up slowly over several seconds o
within a couple of volts of full batrery voltage, If this volrage does not
come up, the controller is bad.

Now turn on the keyswitch. The main conractor should turn on and
the voltage at the controller’s B+ and B- terminals should now equal
the full battery voltage. Move the potbox lever through its range, The
Jamps should go smoothly from fall off to full on with the por.

If che controller has HPD, test this feature as follows:
L. Turn off the keyswitch.
2. Mave the potbox lever abour halfway.

3. Turmthe keyswitch switch on. Verify that the lamps
do not come on untdl the potbox lever is moved most
of the way toward OFF and then moved back up,

Test the controller’s potbox fault protection feature by pulling off one
of the potbox's two connections w the contreller’s throtde input
rerminals while the larps are on {pothox lever in the ON position].
The lamps should wrn off. With the potbox lever still in the ON
position, reconnect the wire, The lamps should smoothly increase 1n
brightness to their previous level,

Finally, remove the controller from the test setup and check it in-
rernal plug diode, as described in Troubleshooting Procedure EES.
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Objectives

Unit Objectives

When finished with this unit the student will be able to define terms used in electronics,
locate and label components, wire an electrical system, and measure volts and amps. The
student will demonstrate these competencies by completing the assignment sheets and lab
activities and by scoring a minimum of 85 percent on the written test.

Specific Objectives

9.

O N k=

Define Volis.

Define Amps.

Define Ohms.

Define Series.

Define Parallel

Define electrical symbols.

List and describe electrical components of an electric vehicle.

Explain how each component of an electrical vehicle work together to make the
vehicle functional,

Wire an electric vehicle correctly. (Using a module)

10. Measure Amps used to rotate motor.

11. Measure Volts in electrical system.




Basic Electronic Circuits

Circuit — Path for electrons to flow through. The path is form a power sources negative
terminal, through the various components and on to the positive terminal.

Think of it as a circle. The paths may split off here and there but they always from a line
form the negative to the positive.

Conductor — Material (usually a metal such as copper) that allows electrical current to
pass easily through. The current is made up of electrons, This is opposed to an insulator
which prevents the flow of electricity thorough it.

INSULATOR
~Aseimampsds e

- CONDU(}}"OM‘ -+

Simple Circuit

SE M P ﬁ_E EE E%@EJ ﬁwf If we break a circuit down to it’s elementary blocks we get:

1} A power source — Battery
2) A path-—- Wire

3) Aload — Lamp / Motor
4) A control - Switch

5) An indicator — Meter

LOAD

<[:f

/ i;_%_J :
. g !lPATHH“

L A R ]

IND[CATOF{
{OPTIONAL)

FPOWER SOURCE




Series / Parallel

Series — An electric circuit connected so that current passes through each circuit element

in turn without branching,

A series circuit has more than one resistor (anything that uses
electricity to do work) and gets its name from only having one
path for the charges to move along. Charges must move in
"series” first going to one resistor then the next. If one of the
items in the circuit is broken then no charge will move through
the circuit because there is only one path. There is no alternative
route. Old style electric holiday lights were often wired in series.
If one bulb burned out, the whole string of lights went off.

Parallel — An electrid circuit connected that current can pass
through different paths of the circuit.

A parallel circuit has more than one resistor (anything that uses
electricity to do work) and gets its name from having multiple
(parallel) paths to move along. Charges can move through any of
several paths. If one of the items in the circuit is broken then no
charge will move through that path, but other paths will continue
to have charges flow through them. Parallel circuits are found in
most household electrical wiring. This is done so that lights don't
stop working just because you turned your TV off.

__.___@__.

Light Bul

Series
L Cirvuit
Battery
h Parallel
Circuii




Volts, Amps, and Ohms

The three most basic units in electricity are voltage (V), current (I) and resistance (r).
Voltage is measured in veolts, current is measured in amps and resistance is measured in
ohms.

A neat analogy to help understand these terms is a system of plumbing pipes. The
voltage is equivalent to the water pressure, the current is equivalent to the flow rate, and
the resistance is like the pipe size.

There is a basic equation in electrical engineering that states how the three terms relate.
It says that the current is equal to the voltage divided by the resistance.

I=V/r

Let's see how this relation applies to the plumbing system. Let's say you have a tank of
pressurized water connected to a hose that you are using to water the garden.

What happens if you increase the pressure in the tank? You probably can guess that this
makes more water come out of the hose. The same is true of an electrical system:
Increasing the voltage will make more current flow.

Let's say you increase the diameter of the hose and all of the fittings to the tank. You
probably guessed that this also makes more water come out of the hose. This is like
decreasing the resistance in an electrical system, which increases the current flow.



Volt — Measurement of electromotive force

Webster 's:

The International System unit of electric potential and electromotive force, equal to the
difference of electric potential between two points on a conducting wire carrying a
constant current of one ampere when the power dissipated between the points is one watt.

Voltage is the electrical force

or “pressure” that causes current to
flow in a circuit. It is measured in
Volts. Take a look at the diagram.
Voltage would be the force that

is pushing the water forward.

VOLTAGE

i

b

T e FLUID
VOLTAGE

Amp — Measurement of current of electrons flowing through a conductor

Webster's

The basic unit of electric current adopted under the System International d'Unites; "a
typical household circuit carries 15 to 50 amps"

Current is the movement of elecirical charge —

the flow of electrons through the elecironic
circuit. Current is measured in Amperes

(AMPS). Current would be the flow of water

moving through the tube.

CURRENY
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Ohm — Measurement of the resistance to the flow of current

Webster's
A unit of electrical resistance equal to that of a conductor in which a current of one
ampere is produced by a potential of one volt across its terminals,

Electrical Symbols

Ammeter Conductor

Fuse ~
Voltmeter Light

Motor



Components of Electric Vehicles

Batteries- Power Drive vehicles are powered by 2 — 12 volt batteries.
These batteries supply the energy for the vehicle to move.

Motor - A permanent magnet motor propels Power Drive vehicles.

Controller — This controls the amount of current that is supplied to
the motor from the batteries,

Potentiometer — This sends a resistance signal to the controller
to tell the controller how much current to allow to pass through
it. Also call a not hox.

Fuse — This assures that excessive current doesn’t pass through the
system and damage components.

Ammeter / Voltmeter— This shows how much current it passing
through the circuit, displayed in Amps. 1t also shows how much
voltage is left in the batteries to use.

Shunt — Tells the ammeter the amount of current that is passing
through the circuit.




How the Components of
Electric Vehicles Work Together

The two 12 volt batteries supply the vehicle with the energy to move the vehicle.
These batteries are connected in series to produce 24 volts, and are connected to the
controller. In the cables connecting the batteries and the controller on the negative side,
the fuse and shunt are placed. The fuse keeps the electrical components from damage
due to excess current. Thé shunt tells the ammeter how many amps are passing through it
at any time.

The controller regulates the amount of current that is passed from the battéries to
the motor. The motor rotates when it receives electrical current. For the controller to
work properly the potentiometer is connected to the controller. The potentiometer sends
a resistance reading to the controller fo tell how much current to pass through. Without

the potentiometer you would have 100% current or no current going to the motor.



Wiring the Electric Vehicle

Connecting Batteries to the Controller

As stated earlier the bafteries contain the energy needed to propel the vehicle. These two
12 volt batteries are connected to the controller in series, meaning that the circuit is 24
volts. (12 + 12 =24) On the controller there are four large terminals. The terminal
labeled B+ gets connected to the positive side of the batteries. The terminal labeled B-
gets connected to the negative side of the bafteries. You need to put you shunt in this
cable. On one of the cables connecting the batteries to the confroller you need to put a
fuse in. This fuse will help you keep from damaging or destroying components.

Fuse Shunt Controller

= =T ]

/—”'

Batteries

.

Connecting the Controller to the Motor

To connect the motor to the controller you need to connect the B+ terminal on the
controller to the + (positive) terminal on the motor. Then connect the M- terminal to the
— (negative) side of the motor.

—

= el s
M- I
:flx

Controller

T~




Connecting the Potentiometer
First you need to connect the B+ terminal fo the top small terminal. You need to put a 10

amp fuse in this connection. Next you need to connect the two leads from the
potentiometer. Connect one lead to each of the bottom two small terminals.

Controller

] B+ ] B-[]

::_\___%___“__\_/

™

e
o

M- 1

Potentiometer

Connecting the Brake Light
You’ll need a switch and a light for this. First run a wire from the positive terminal on

the battery to the switch, making sure to put a fuse in. Then run a wire from the switch to
the brake light and connect the wire to one of the leads on the light. Then connect a wire
to the other lead and connect it to the negative terminal on the battery. Now when you

flip the switch it should light up the light.

4+ o

Batteries V\

\i- pd

- + Switch

Light




Connecting the Ammeter
Connect one of the leads of the ammeter to one side of the shunt. Then connect the other
lead from the ammeter to the other side of the shunt.

A L

Connecting the Voltmeter
Connect the + positive lead of the voltmeter to the B+ terminal on the controller. Then
connect the — negative lead of the voltmeter to the B- terminal on the controller.
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Wiring Schemat
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Assignment

Using the Power Drive Electrical System module, locate, and label each component.
Next connect the components together to make the electrical system work properly.

The following must be completed before assignment is done:
Each component labeled correctly

Proper connection of all battery cables
Proper connection of motor cables

Proper connection of Potentiometer

Proper rotational direction of motor
Functional brake light controlled by a swilch
Functional ammeter

Functional voltmeter

Read volts available in system

Read amps being used in operation of motor

. o o

Following completion of this module, you must write a summary of what you
learned from this activity, and any problems you encountered with this activity.
Also list each component and tell what it does.




Assessment

Points Available

Points Earned

Lab activity 100

10 points for each part
Written response 50
Test 90

6 Points for each question




Student Supplement

Curtis PB-5 Style Pot Box, Potentiometer reads 0-5k Ohms
Dimensions: 3-3/4” high, 4” long, 2-1/16" deep

Weight—0.89 LB Price - $70.00

Alltrax, 24-48 volt, 300 amp, Fully Programmable Controller
Capable of changing settings such as voltage, amps, temperature, etc.

Programming functions: Throttle ramp, Throttle response rate, Battery
over/under voltage cutback, maximum output current.

Weight - 5.50 LBS  Price - $279.45

Lemco LEM-170 12 to 48 Volts DC Lynch Motor

This is the latest, second-generation design, which is imported from
England.

Motor spins at 75 RPM’s per Volt

Weight - 17.20 LBS Price - $1,650.00

Briggs and Stratton 24-48 Volt DC Etek Motor
Briggs and Stratton version of the Lynch motor.

Motor spins at 72 RPM’s per Volt

Weight — 23 LBS Price - $375.00




Wiring Schematic from Curtis model 1204/5 Controller Manual
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Fig. 15 Basic wiring for use with PM mnoiars. \




Maintenance Chapter in Curtis Controller Users Manual

MAINTENANCE & ADJUSTMENT

MAINTENANCE & ADJUSTMENT

Curtis 1204/1205 conrrolfers and pothoxes require only minimal main-
tenanice i properly installed. NOTE: The controllers are sealed and thus
are not hield serviceable,

CONTROLLER
Maintenanice

Ir is recommended that the following two steps be performed occasion-
ally, Fixst remove power by disconnecting the battery, and discharge
the capacitors in the controller {wirh w light bulb or 4 2-10 82, 25 W
resistor conneeted for a fow seconds avross B+, B-. Follow poad safery
pracrices: get the vehicle drive wheels off the ground, wear safety glasses,
and use wsulated wols (see page 2).

I, Malke sure the elecrrical connections to che controlier (and to the
maotor, contacrors, ete.) are tighr. When checking the controller
hus bar connections for tightness, use two opposing wrenches.
This double-wrench technique will help avoid purting stress on
the bus bars, which could crack the seals. Always use insulated
wrenches.

2. Inspece all seals ac the front and back of the conooller. If
necessary, use a moist rag to wipe these areas clean enough so thar
you can see the seals. Look for cracks and other signs of scal
damage.

[f the seals are intact, clean the controller tharoughly cither by
washing it off or by wiping it clean with a moist rag. Power must
not be reapplicd until the controller teeminal area is com-
pletely diy,

If' the seals have been damaged, there are several possible
causes. Perhaps the deuble-wrench technique was rot used when
the cables were installed. Perhaps the vehicle’s environment
requires thar the conrroller be better protected: either by mount-
ing it in a different location, or by installing a protective cover.

Damaged seals can lead to faulty operation. We strongly
recommend replacing conerollers that have faulry seals.

22
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MAINTENANCE & ADJUSTIMENT

Adjustment
On some models, the plug braking currene and sceeleration rate setrings
are adjustable. On these adjustable controllers, the adjustment pots are

focared as shown in Figure 18,

Fig. 18 Adjustmeni
pot,

<2 PG CLRRENT ADJUST ACCELERATION RATE ADSUSY
{CW = Wgher phig cursent} (CW = laster accaleration)

Use the following adjustment procedure. The keyswitch should be off
during adjustment.

1. Remove the socker head screw (1487 Allen) far the adjustment
you want o make.

2. Adjust the internal porentiometer using a small insulated screw-
driver {(wvailable from Curtis).

3. Replace the socker head screw and nylon seal washer, To pre-
vent sripping, do not over-righren.
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MAINTENANCE & ADJUSTMENT

24

POTBOX
Maintenance

Porbox maintenance is similar 1o conrroller maintenance: inspect {or
integrity of conpecrrons and mounting, and clean {with a moist rag) as

required.

Adlustment

Curtis PMC porboxes are factory set and vrarely require user areention, T'o
rest and adjust, connect an chmmeter to the potbox wires and use chis
procedure:

With the spring holding rthe lever arm against the retwrn stop,
the resistance should be less than 50 ohms. Slowly move de
lever. If the reststance abruptly stares to increase when thelever
is 3 mm {1/8") from rhe scop (1.5 mm [1/16"] for potboxes
without the micraswitch}, no adjustment is needed.

If adjusement is required, loosen the serew holding the fever an
the pot shaft. Use a screwdriver to rotace the pot shaft slightly
with respect o the lever. Recheck the poine ac which the
PESISTRNCE STATTS [0 increase and contdnue making adjusoments
until the tncreuse occurs at A mm {187 Jae 1.5 mm {1H/16") for
pothoxes without the microswitchf. When adjusiment is cor-
rect, tighten the screw holding the lever on the pat shaft, then
recheck ro see that this action did not disturb the adjusement.
Make sure that the lever iy stll seated down on the por shatt
below the slight bevel on the end of the shaft.

Check the resisrance with the lever pushed all the way o the
other stop. It should be bevween 4300 and 5500 ohws. 11 s
outside this range, the pothox is faulty and should be replaced.

For pothoxes equipped with u microswiteh, cheek for correct
switch operarion, Use an ohmmeter, or simply listen for the
slight click the swirch makes. Ir should operate when dhe lever
is 1.5 mm (J/16") from che veturn stop. If icdoes not, adjust by
loasening the two screws holding the slorted microswitch mount-
ing plare to rhe stop spacers and moving the plate. Recheck the
switch operating point after tightening the screws,

Curbls PRAC 120457205 Marudl




Troubleshooting Curtis Controller
TROUBLESHOOTING & BENCH TESTING

TROUBLESHOOTING
AND BENCH TESTING

Sowe behaviars that may scern to sugwest contrefler malfunction do nat, in fact,
indiedte a problent but vather ave typical of normal operation, Before under-
taking the diagnostic rests, check to see whether yor problem is addressed in
the first section, “Operational Nates.” The diggnosiic tests ave designed o
enableyowto decermine whether the trouble is in the controller ar in some other
part of the motor control cirenitry, The consrollers themselves are sealed
and not field serviceable; comiaet your local Curtis PMC service center
if the problen: is in the controller, The diagnostic section provides enough
detarl to enable you to track circuitry problews fo their sowrce and vepair them,
Finally, the bench tests will allow you to coufirnr controller nperation in a
stmple, low-power test confrguration, Bench swsting is primarily inwended for
checking out a number of controllers an a reguelar basis.

OPERATIONAL NOTES

Nojse

Congroller operation is normally silent. An exception is thata | kkHz tone
may be heard during plug braking, This noise is normal and indicates thar
plugging is taking place. "The noise will stop when plug braking stops.

If the vehidle is rolling backwards down a steep ramp in reverse and the
throttle is applied demanding forward drive, the controller will atempt w
plug the vehicle to a swop. I the ramp is so steep chat the plugging current
serpointis insufficient to stop the vehiele, e will continue wo be beaked bat
will nevertheless roll down ¢he vamp. 1f the mechanical brakes are applied,
and the vehicle is stopped, the full drive current will be available when the
throtde is applied and the vehicle will proceed up the ramp.

Sluggish Vehicle Behavior

Loss of power will be noticeable when the batserics become overly
dischacged. This is a normal response to low batterv volrage, Cariis I'MC
1204/120% conuollers are designed 1o protect against damage caused by
low bacteries, On 24-36 volrcontrollers, for example, power to the motor
is cut back when the volage goos below 16 volis, Refer to the specifica-
tions {Appendix C) for other models.
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TROUBLESHOOTING & BENCTH TESTING

Hot Controller

If the conmroller gets hor, 1 does not necessarily indicare aserious problem,
Curts PMC 120471205 controllers proteet themselves by reducing power
to the motor if cheir internal temperature excceds 75%C (1677FY Power
outpree will be reduced for as long as the overhear condition reraing, and
full power will rerurn when the unir cools.

I eypical applications, overheating will rarcly be a problem. How-
ever, operation with oversized motors and vehicle overloading mav cause
overheating, particalarly if the controller is mounted so that heat cannor
be conducted away from i cuse or if other heat-generating devices are
nearby, I[' thermal curback oceurs often during normal wperation, ihe
controller is probably wndersived and should be replaced with a higher
current model,

Unintended Agtivation of HED

Sudden applications of full dirottde may activare the HPD featre, in
applications where the pedal microswitch is wired in line with KSI1 This
bappens if the potis rotated well o its active stroke before the microswitch
can cause the controfler 1o power up. Normal nonabusive application of
the throede should not cause dhis action.

IN-VEHICLE DIAGNOSTIC TESTS

These rests require a general purpose volt ohmmeters you can use either
a conventional “V-0-M" or an inexpensive digital volumerer.

The woubleshooting chart (opposize) serves ss a guide to the proce-
dures dhat folfow. Before starting these rests, refer 10 the appropriate
witing diagrams and make sure your coneroller is hooked up properly.

- ' & ==
Worldngon electric vehicles is potentially dangerous. You shoukl

protect yourscl while performing the diagnostic tests by jacking up
the vehicle to gec the drive wheels off the ground, opening the bateery
cirauit before working on the motor control circuit, wearing safety
glasses, and using properly insulated wols (e puage 2).

N
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TROUBLESHOOTING & BENCH TESTING

Fig. 19 Guide vo croubleshooting procedures. [To use chis guide, refer w the specified GEREEIEREY.

Chec:k voltage at commoLLEs:z B- and BATTERY B+ termmals

!z‘ shoufd read fuh’ voliage for sysiem.

Bad, discharged, or migwired [
1 hatteres, or corioded i
connactions. w

LR

Check volsage al CDNTROLLER B— and CONTROLLER B+ termmals

. 1-0

TOU HiGH: conlactor is welded, |
] TOO LDV, 250 £ resistor or

it sﬁou}d read T 5 vo{is fess man fuf( bairery voﬂage

o contralier is defective. m;?

Check voiiage at cantacmr and al KSI 1erm|nat

Comactor shouid reaaf fufl rated tfofrage, and KS! mus! be above 51/

4 Trace flow to locale
prabilem.

Check vohage aCro4s comacior puwer tefm[nals

There shou!d be no measurabfe vaftage cfrop

i voliage drop oceurs,

9 contactor is defective.

T AT Ty PR

i"j; Check ressstance at potbox wires whﬂe depressmg pedal

Re}sasrance shiouid be batween 0—50 ohms with padal ue, aﬁd
45005500 ohms wilh pedal pown.

Defaciive pothoX, broken wires)
fo polbox, or improper
machanical operation,

Check far shorts belveen poibox wires and vehicle frame

Ffesistance shou d be af !easr 1 megohm

If lower than § Mt wiring or
| pothox is defeclive.

Check valiage at upperthfetﬁe mput &ermlnal an cantso!ler

Voirage Shoufcf be 361042 voffs with peda.' P,
and 9.1 g 10.3 volls with pedal nown.

Termingl area is proabably
contaminated with acid or
| dirt.

Chack voitage ouipu! wmle depressmg pedal (B+ to M }

Vo.'rage should be zero w:fh pedal up, and {ufl baﬂér}f ue:»ftage
with pedal Dow.

-

2 Controtier iz defective.

Check gurrent in controller's M- {mator field) lead while
dapressing pedai

i no currant, took for open
o cireull, I current is high but |
4 molor won't turn, check motor, |

Currant shauid be ﬁrgﬁ and maotor &hcu!d ture.

wiring & plug diode. g
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TROUBLESHOOTING & BENCH TESTING

Check for power 1o the controller

Leave the keyswitch off for these tests.

Verify that bartery (=) connecs 10 the B- torminal of the controller.
Connect volometer (-) lead 1o this point.

Connect voliumeter (+) to the batery side of the main contactor,

Check for full battery voltage. 18 it is not there, the rouble is in the
battery pack. the eables to ix, or the power fuse.

Cennect the valumeter (+) lead 1o the controller B+ rerminal. You
should read a voltage 1 to 5 volts less than the full barrery voliage. If
this voltage is zero or close to zero, the wouble is either a had
controller,a bad 250 £ resistor across the conractor, vran incorrectly
connected cable between the contacrorand the controller. Trace the
cable to ke sure it ishoeked ap right. Remove and rest the 250 Q2
resistor with an ohinmeter, If these check out the conuoller 13
malfunctioning. I you sce full batrery voltage at this poing, chen the
contactor hus welded and muse be replaced.

TPl Check for main contactor operation and KSI

2-A |

Turn the key on, place the forward/reverse swirch in forward or
reverse, and depress the foorpedal unil its microswirch operates. (In
these procedures, we assume cthe foorpedal is equipped with the
recommended microswitch.)

This should cause che main contactor to vperate with an audible
chick. Connect the voltmeraracross the contactor coil rermiinals. You

should sce tull bactery voltage (minus the polarity diode drop).

The conrroller K8} cerminal should also be gerdng full battery
voltage. Verify thisby connecting the volemeter {-) to the controller’s
B- terminal, and the voltmerer (+) to the conrrolter’s KSI terminal.

If the contacror and KSI terminal are not geriing voliage, thac’s the
problem. Use the volimerer ra find our where 11 is not gewing
through. Connecr the volemerer (<) o the controller’s B- rerminal
and check the following points with the voltmeter {+) lead to trace

o8
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TROUBLESHOOTING & BENCH TESTING

—

the flow: First, check both sides of the control wiring fuse.

b

Check hoth sides of che pelarity protection diode to
make sure its pelarity is correcr.

3. Check boch sides of the keyswitch.

3. Check both sides of the pedal microswirch.

4. Finally, check the conacror coil and controiler KSIL

EEF If the contactor voil and KSI are getting voleage, make sure the
cantactor is really working by connecting the voluneter across irs
contacts {the big terminats), There should be no measurable volrage
drap. I you see a drop, the conractor is defective. (We assune the
recommended precharge resistor 1% in place.}

fiTie] Check the potbox circuitry

The following procedure applies ro the standard throrle inpur conhgura-
tion for these conerollers, which is a nominal 5k€2 pot connecred as a two-
wire theostat (0 = full off, § k£ = full on}, and also to 5k-0 contigura-
tions, Some 1204/1203 controllers are sold with other inpur characreris-
rics. 1 your installatton uses & vontroller with a throtte inpur viher than
0-5kE or Sk€-0, find cur what its range is and use a procedure
comparable to the onc below 1o make sure your pedal/pothox is working
correctly.

EZY With the kevswitch off, pull off the connecrors going to the throude
input of the controller, Connectan ohmmeter to the two wires going
to the porbox and measure the resistance as you move the pedal up
and down. The resistance av the lirmies should be within these ranges:

RESISTANCE  {in vhms)

. 51 ;’\f‘llii\]{[]

0-5kL2 rorr SRL-0 voT
Pedal up: 0 - 50 4300 - 3500
Pt‘fd‘dl down: 4500 - 5300 0 - 50

1f these resistances are wrong, it is because the pot itsellis faulry, the
wires o the por are broken, or the pedal and it linkage are not
maoving the potbox lever chrough its proper travel, Acusare the pedal
and verify that the pothox lever moves from conacting the pedal-up
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3:D

stop to nearly contacting, the pedal-down stop. I the mechanical
operation looks okay, replace the potbox.

While you huve the pothox wires off dhe controller, use an ohmimneter
w0y check for shorts berween these wires and dhe vehidle frame. You
should see a resistance of at least 1 megohm. i1 is lower than that,
inspect the wiring for damaged insulation or conteet with acid. If
necessary, replace the potbox,

Push the wires back on ¢the controller terminals, Tt doesn’t matter
which wire goes on which wrminal.

Inspect the terminal arca of the controller closely. Oceasionally o
buildup of dirtoracid residue ofa conductive nature causes electrical
leakage berween the chrorde fnput weminals and the B- or M-
terminals, leading o faulty conurolier operation, To check for this
problem, measure the voltge av the appropriae throule input
terminal {upper for 0--5k€2 pors, lower (er 5kE2-0 pots), by connect-
ing the voltmerer (-} lead o the conmoller’s B~ rerminal. The
keyswitch must be on and a divection selecied for this west.

ACCELERATOR INFUT VOLTAGE {in volis)
cranmwits T

-5k porr Sk por
FPER FERAINAL  LOWER 1REINAL

Pedal up: 3.8 4.3
Pedal down: 9.5 10.2

Compare your readings with these: if they are different by more than
a few renths of a volt, contamination is probably the cause,

Carefully clean off the terminal area of the contruller with 1 cotron
swab or clean rag moistened with water, and drv thoroughly.

Be sure to turn everything off
betore deaning,

Now test the contvoller to see if proper operation is restored. [F so,

take steps to prevent this from happening again: dirt and water nust
be kept from reaching the wrminal area of the controller, If the
volrages are stilt our of range, the controller is at fault and should be
replaced,

30
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AE

Check for controller output

The first step is ro measure the output drive volage to the muotor ai
the controlter's M- rerminal.

Conneet the voltmerer (1) lead o the controlier’s Br terminal.
Connect the voltmeter {-) fead to the controller’s M- terminal.

Turn on the keyswirch with the forward/reverse switch in neurral,
and then select a divection and warch the volmerer as vou depressthe
pedal. The volrmerer should read zero (or dose to zero} before you
apply the pedal, and should read full batiery volrage with the pedal
flly depressed, Ifit does nar, che controller is defective and must be
replaced.

The next step is to measure the carrent in the controller’s M- lead.
IF you have a means of mexsuring this high de current, such as a
shunt/meter setup or a clamp-on de ammeter, use it [0 not, we
recommend that you buy an inexpensive ammeter of the type thar
is simply held against the wive being tested, These are readily
available at auto pars stores, and their accuracy is adequate for this
tesr.

“Turn on the keyswitch with the forward/reverse swicch in neucral,
and then seleet a direction and watch the ammeter while depressing
the pedal.

1 you see no current flowing in the M- fead, che problem isan open
circuit in the motor or the wiring between the moter and the
controller. Check the forward/reverse switch. If your vehicle uses
cantactors for reversing, check to see thar they arc operating and that
their contacts are closing, H these are okay, check the mororarmarure
and field for opens.

Il you do see a high current flowing in the M- lead, bur the motor
does not earn, the problem s a short in the.moror cireuit, a miswired
motor, orashor in the controller’s inrernal plug diede. Test the plug
diode as follows:

1. Remove power by opening the battery circnie, Jake
the cable off the controfler’s A2 rerminal.

Curtis PMC 120471205 Manual
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2. Use an ohmmeter co check the resistance berween
the controller’s A2 and B+ rermiuals. You arewesting
for the presence of 2 diode inside the coneraller, so
swap the two leads of the ohmmeter and look for a
low resistance one way and a much higher one che
ather way. If your meter has a diode test funcrion,
use Ir.

3. Ifyou find rhe diode vo be sharted, the controller is
defective,

EEl Puc the A2 cable back on the coneroller and reconnect the barrery,

BEEE 1f die plug diode is okay, there s @ short in the motor circuir. The
shore could be in the forward/reverse switch, so look rhere firse.
Hecause the resistance of che motor i so low, rhe mator musr he
tested separarely if it is suspected of having a shorred winding,

BENCH TESTING

Firse, before starting any bench cesting, pick up the controller and shake
it. If anything raodes around inside, the unit should be rerurned.

Protect yourself during bench testing, Wear safety glasses and use
insulated rools.

Equipiment Needed

The simple setup shown in Higare 20 is required for testing these
controllers on the bench. You will need:

1. a POWER SUPPLY with 2 voltage equal to the raring of the
controller you wane ro test. You can use either a string of batteries
or a regnlated linc-operated power supply. Because only low
power tests will be deseribed, a 10 wnp fuse should be wired in
series with the batceries 1o proteet both eperator and controller
against accidental shores. A battery charger alone should not be
usedd #s a power supply. because withour a bateery load its outpur
volrage may exceed the raring of the conroller.

2. an ACCELERATOR POTBOX. For controllers with the
standard inpucconfyguration {2 5 k€2 por wired us a cwo-rerminal
rheostat}, a Curris PMC potbox or any 5 kL3 por will work fine.
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For controllers with other input optons, use whatever kind o i
pothox is used on the vehicle.

% a POWER SWITCH 1o disconnect all power from the vest

setup,

4. a MAIN CONTACTOR with a 250 ohm, 5 watr resistor
across its high-power contacrs and a KEYSWITCH o rurn it on

and off.

5. a TEST LOAD consisting o incandescent light bulbs wired
in serics to get the same voltage as your power supply. (Tor
examplc\_ witl a 36 volt battery, use three 12 volr bulbs.)

6. a general purpose VOUT OHMMETER or DIGITAL
VOLTMETER.

Fig. 20 Setup fir benel teiting.

e

. FOWER
T SWITCH

Ty

\'g}a Cﬁ,/ MAIN

POWER BUPPLY
{to maioh your conlrelier

POTBOX

(1o maich yeur centralier's
thyottie input)

TESTLOAD

tio match bailtery votage)
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Bench Test Procedure

A.

B.

O

Hook up the controller as shown. Connect the voltmeter leads to the
controller’s B+ and B- terminals.

Tura on the power swirch (nor the keyswitch) and warch the
volumeter. Its reading should build up slowly over several seconds w
within a couple of volts of full batrtery voltage. If this volrage does not
come up, the controller is bad.

Now turn on the keyswitch, The main conractor shoudd turn on and
the volvage at the controller’s B+ and B- terminals should now equal
the full battery voltage. Move the potbox lever through its range, The
Jlamps should go smoothly from Rull off to full on with the por.

If the controller has HPD, test this feature as follows:
1. Tumn off the keyswitch.

Mave the potbox lever about halfway.

.Dw-.)

3. Turn the keyswitch switch on, Verify that the famps
do not come oo untif the pothox lever is moved most
of the way toward OFF and then moved back up,

Test the congroller’s potbox fault protection feature by pulling off one
of the potbox’s two connections w the controller’s throtde input
rerminals while the lamps are on (potbox lever in the ON position).
The lamps should wrn off, With the potbox lever still in the ON
position, reconncet the wire, The lamps should smoothly increase in
brightness wo cheir previous level.

Finally, remove the controller from the test serup and check its in-
rernal plug diode, as described in Troubleshooting Procedure EEH.
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