AN U AL

CURTIS e

1204 X/1205X
and 1209/1221

MOTOR CONTROLLERS

© 1999 CURTIS INSTRUMENTS, INC.

DESIGN OF CURTIS PMC 1200 SERIES
CONTROLLERS PROTECTED BY U.S.
PATENT NO. 4626750.

1204X/ 1205X/ 1209/ 1221 Manual
p/n 98796, Rev. D: May 1999




1204X/ 1205X/ 1209 / 1221 Manual
p/n 98796, Rev. D: May 1999

© 1999 CURTIS INSTRUMENTS, INC.

This electronic version of the 1204X/1205X/1209/1221 manual is offered as a conve-
nience to our customers. You may download any or all of it.

If youwould like a hard copy of the published manual, please order it by part number from
the Curtis office nearest you.

The electronic version of the manual is identical to the printed version published in May
1999 with the following exceptions:

Minor corrections were made to the dimensions shown in Figure 3.

Bookmarks have been added to the electronic version to speed the process of going
directly to a particular part of the document.

CURTIS INSTRUMENTS, INC.

200 KISCO AVENUE

MOUNT KISCO, NEW YORK 10549 USA
914-666-2971 Fax 914-666-2188

CURTISPMC
235 EAST AIRWAY BOULEVARD
LIVERMORE, CALIFORNIA 94550 USA
925-961-1088 Fax 925-961-1099

ADDITIONAL OFFICES located in
Bulgaria, China, England, France, Germany,
India, Italy, Japan, Netherlands, Puerto Rico,
Russia, Sweden, and Switzerland



CONTENTS

CONTENTS
1. OVERVIEW ..o 1 ——
2. HARDWARE INSTALLATION ...ocoeiiiiiiiiieeee e 3
CONLIOIET oeeeeeeec e 3
TRrOtHE e 5
Other Hardware ..........cevveeeeieieiiiiiieeeeee e 8
Main CONACLON ....cceeiiiiiiiieieee e e 9
Forward/reverse contactors..........cccoeeeeeeeeenn... 9
Forward/reverse switChes .............cccoevveeeeeernnnn 9
Emergency reverse relay ...........cccccvvvvveeeeennnn. 10
Bypass contactor .............cocviviiiiiiis e 10

Keyswitch and interlocks...................s ... 10

Polarity protection diode....................commmmeeeen. 10
Control Wiring fuse .........ccciviiiiiieieee e, 10
Power Wiring fUSE .........vveiiiiiiiiie e 10
3. WIRING e e 11 ——
Connections: LOW CUMeNnt.........cccceeeeviiiiccccnennnen 11
Connections: High Current ........cccccceeevecvvvnnnnenn. 12
Wiring: Typical Installation ..........cccccceeevveeeeeiiinnns 12
KSI WIFING e 12
Forward/reverse Wirling ...........eeeeeeeees v mmmmmneeees 13
Plug braking
Freewheeling .......ccuvveeviiiiiiiiiiiiees 14
Emergency reverse........ccceeeveveeveviiinieeeees 15
Throttle POt WINNG ...ccvevveeeieeiiiiieeees o 16
Standard potbox wiring ..........cceeeeeveeea o 16
Pots for twist-grip throttles ...................... 16
Reduced speed operation ...................... 17..
Electronic throttle Wiring ..............oooieeeennee. 18
BYPASS WINING «vvvvvvveeeeeeeeiiiiiinireeeessmmmme e e 19

CurtisPMC 1204X/1205X/1209/1221 Manual



CONTENTS

Wiring: Permanent Magnet Motors

..................... 19
Installation Checkout ..............uueeiiiiii e eeeee e 20
4. MAINTENANCE AND ADJUSTMENT ...cooovviiinnnnns 22
CoNtroller .......oeveiiiiiiee e 22
POtDOX i 23
5. TROUBLESHOOTING AND BENCH TESTING ....... 25
Operational NOtES.........uuvivieeeeeiieiiiereeeee e 25
In-Vehicle Diagnostic Tests (Troubleshooting) .....26
Bench TeSHNG .vvvveeieieeeeeiiiiie e eeee e e 32
6. GLOSSARY: FEATURES AND FUNCTIONS .............. 36
APPENDIX A Functional Description ...........ccveeereeesvumn Al
APPENDIX B Pulse Width Modulation ........................ B-1
APPENDIX C  Electrical Specications............ccccccevveeeeeennn. C-1

CurtisPMC 1204X/1205X/1209/1221 Manual



AGURES

FIG.

FIG.

FIG.

FIG.

FIG.

FIG.

FIG.

FIG.

FIG.

FIG.

FIG.

FIG.

FIG.

10:

11:

12:

13:

FIGURES

Curtis PMC 1205X full-feature
MOLOr CONLIONEr ....evveiiiiiiiie e 1

Mounting dimensions,
Curtis PMC 1204X/5X controllers ..............ccuuu.... 3

Mounting dimensions,
Curtis PMC 1209/21 controllers..............cceeeeee.... 3

Mounting dimensions,
Curtis PMC potboxes PB-5, -6, -9, and -10.........6

Mounting dimensions, Curtis PMC footpedal .....6

Mounting dimensions,
Curtis electronic throttle (ET series).......ccceeeveeeeen. 7

Typical installation,
1204X/1205X/1209/1221 controllers .................. 8

Basic wiring conguration,
1204X/1205X/1209/1221 controllers ................. 13

Control wiring for inhibiting plug braking,
in order to allow freewheeling ..............cococemrnnnne 14

Wiring for emergency reverse (enhanced
plug braking CUrrent) .........cccccveeeeee oo e eeee e 15

Standard throttle pot/BKQ ..o, 16

Bi-directional twist-grip throttle with
10 kQ center-tapped, 4-terminal pot..................16

Bi-directional twist-grip throttle with
a standard 20®& pot and a controller
with the optional 5R(0 throttle input.................... 17

CurtisPMC 1204X/1205X/1209/1221 Manual



AGURES TABLES

Fic. 14:

Fic. 15:

05V throttle INpUt .......oooiiii e 18
FIG. 16: AJUStMENt POLS ....eveeiiiiiiiieeee e 23
FG. 17: Guide to troubleshooting procedures ................ 27
Fic. 18: Setup for bench testing.............ovicemeeee s 33
FG. A-1: Block diagram, Curtis PMC

1204X/1205X/1209/1221 controllers ............... Al
FiG. B-1: Pulse width modulation .................commvvveeeen. B-1

TABLES

TaBLE C1: Electrical specCtations, 1204X/1205X................. C-1
TaBLE C2: Electrical specCtations, 1209/1221 .............cc..c..... C-2

Reduced speed operation (with standard
(OTBKQ POL) e 17

Curtis electronic throttle (ET series)
with a controller having the optional

CurtisPMC 1204X/1205X/1209/1221 Manual

Vi



OVERVIEW

OVERVIEW

Curtis PMC Model 1204X/1205X and 1209/1221 eledoomotor speed
controllers are designed to provide smooth, sitet-effective control of motor
speed and torque on a wide variety of industredtat vehicles.

Fig. 1 CurtisPMC
1205X full-feature
€electronic motor
controller.

Models 1204 X, 1209,
and 1221 have
identical connections.

Like all Curtis PMC 1200 series controllers, th®4%/1205X and 1209/1221
models offer superior operator control of the ietscmotor drive speed. Key
features of these controllers include:

InChitely variable drive and brake control

Power MOSFET design provides high@éncy (for reduced motor and
battery losses) and silent operation

High pedal disable (HPD) function monitors thro#tiatus during turn-on
and prevents operation until throttle has beerrmetlito neutral [optional
feature]

Thermal protection and compensation circuit prosideth under-
temperature andvertemperature cutback, as well as steady culireitt
throughout the entire operating range

Undervoltage cutback function protects againstbattery voltage, includ-

ing low voltage caused by external loads
More Features

CurtisPMC 1204X/1205X/1209/1221 Manual 1



OVERVIEW

Fault detection circuitry monitors battery, threttonnections, output
transistors, bypass contactor, etc., to prevendawan conditions

Static return to off (SRO) function requires tha@iffard or reverse selectors
be returned to neutral before output is allowedigopl feature]

Emergency reverse enhances plugging current whelly-buttoriJis acti-
vated on walkie-type applications [optional feafure

Delayed bypass (1A) output drives a bypass contémptional feature]

Forward, reverse, and bypass contactor driver dstae internally pro-
tected against shorts in the contactor coils

Simple installation with no adjustments required
Tin-plated solid copper bus bars

Push-on connectors for control wiring

Familiarity with your Curtis PMC controller will lgyou to install and operate
it properly. We encourage you to read this manaakfally. If you have
questions, please contact the Curtisefnearest you.

CAUTION ( )

Working on electric vehicles is potentially dangesoYou should proteg
yourself against runaways, high current arcs, artidassing from lead acig
batteries:

o=

RUNAWAYS [1 Some fault conditions could cause the vehtioleun out of
control. Jack up the vehicle and get the drive \ghedéthe ground before
attempting these procedures or any other work @ ntiotor control
circuitry.

HIGH CURRENTARCS ] Electric vehicle batteries can supply very higivgio

and arcs can occur if they are short circuited agdwopen the battery circu
before working on the motor control circuit. Weafesy glasses, and us
properly insulated tools to prevent shorts.

—

D

LEAD AcID BATTERIES [1 Charging or discharging generates hydrogen gas,
which can build up in and around the batteriesloolthe battery

manufacturer's safety recommendatidiiear safety glasses.
S 2/

CurtisPMC 1204X/1205X/1209/1221 Manual 2



HARDWARE INSTALLATION

HARDWARE INSTALLATION

CONTROLLER

The controller can be oriented in any position, the location should be
carefully chosen to keep the controller as cleahduy as possible. If a clean,
dry mounting location cannot be found, a cover ningstised to deect dirt
and water splash.

The controller should be fastened with four screwa clean, at metal
surface that provides an adequate heat sink. Th@timg surface is an integral
part of the overall heatsinking of the controlierd affects its ability to dissipate
heat. The case outline and dimensions are shofigume 2 (1204X and1205X
controllers) and in Figure 3 (1209 and1221 cordrs)l

Fig. 2 Mounting

dimensions, Curtis PMC | 165069 7(0.28) dia.
1204X/5X controllers, B @ g
©
S — —8(033da
S 4
h Q

<— 22x19x 3
(0.85 % 0.75 % 0.125)

O
E\ 6(0.25)

$ male push-on,

2 ples
b 133 (5.25) !

MODEL 1204X: 174 (6.85)
MODEL 1205X: 225 (8.85)

|
©

130 (5.13)
ﬁ 113 (4.45) %‘

1204X: 19 (0.75)
1205X: 44 (1.75)

A -
S OOMNONE

3.3

0.13) O
l v

A

Dimensions in millimeters and (inches)
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HARDWARE INSTALLATION

Be sure to mount the controller so as to allowsacte the adjustment
screws.

Although not usually necessary, a thermal joint goomd can be used to
improve heat conduction from the case to the mogrgiirface.

Fig. 3 Mounting
. . . 15 (0.60, 7
dimensions, Curtis PMC V- 0.0 7(0.26) dia.
1209/21 controllers. T $ $V/
5 T
N 8.4 (0.33) dia.
g —
Tl e O
;”;. <— 25x19x5
2 (1.0% 0.75 % 0.187)
&
@ @
e 1
8
~ 3\
v 6 (0.25)
$ $ male push-on,
2 ples
37 (1.45) = F MODEL 1209: 152 (6.0) %
‘ MODEL 1221: 203 (8.0)
| MODEL 1209: 231 (9.1) —>
MODEL 1221: 282 (11.1)
A S
fHO‘ -
\ {(o)X0) (o—
e G.O—0C=
3.3
\L (0.13) O
Dimensions in millimeters and (inches)
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HARDWARE INSTALLATION

THROTTLE

0-5kQ Input

The standard controller throttle input is5&Q. Curtis PMC potboxes (PB-5,
-6, -9, -10) are designed to match thisinput. Softieese potboxes have a built-
in microswitch, eliminating the need to install gparate pedal-actuated
microswitch. Curtis PMC also offers a self-contdifi@tpedal unit (FP-2) that
eliminates the need for fabricating and instalérmedal-potbox linkage. Mount-
ing dimensions for the potboxes and for the fooépedit are shown in Figures
4 and 5.

Any potbox that provides a nominal8kQ output (controller output
begins a&300 ohms, full output is4400 ohms) will work with the standard
throttle input. For other types, contact your Caudti ce.

If a Curtis PMC potbox is used, it must be mounsedas to allow
connection between the potbox lever arm and thielgeaccelerator linkage.
The lever arm provides a series of holes so tleathelerator pedahrow can
be converted into the correct amount of potentienretation. Use of a second
return spring on the pedal, in addition to the patteturn spring, is required to
prevent an uncontrollable full-on throttle inputhgeh could happen if there was
a single spring, and it broke). If the self-conégipotbox spring is insufient to
return the pedal by itself, two additional pedalire springs must be used.

It is also required that the accelerator pedahinitechanical stop at its full-
on position just before=. mm [1/3211/16"]) the potbox lever hits its own full-
on stop. This mechanical stop will prevent the pgtlever arm from bending if
undue force is put on the pedal. Protection optitbox from water and dirt will
help avoid problems of corrosion and electricdtdea.

After the potbox has been mounted, operation optitecan be tested by
measuring the resistance between the two wiresamtbhmmeter. With the
pedal not applied, the resistance should be less 50 ohms. As the pedal is
applied, the resistance should rise smoothly iinghches a value between 4500
and 5500 ohms. Values below 4500 ohms may cawsduation in efciency
and top speed. Values above 7000 ohms indicatéectisle potbox, and will
cause controller shutdown.

5kQ-0 Input

The 1204X/1205X/1209/1221 controllers are alsdaivia with 5K 0 throttle
inputs. Using this throttle type, controller outfpegins at4400 ohms with full
output at less than 300 ohms.

CurtisPMC 1204X/1205X/1209/1221 Manual 5



HARDWARE INSTALLATION

Fig. 4 Mounting

dimensions, <—42(1.65)
Curtis PMC potboxes
PB-5, -6, -9, and -10. v
10(0.38) d) T
60
D 5 1| (237)
] Fﬁ
(1.25)
] | \I]
N h |

F 52 (2. os)q (og 5)9 89 (3.5)

<~ 102 (40—

RIGHT-HAND OPERATION LEFT-HAND OPERATION

(@] ©)
o
@) @]
I L‘l I
N.C. N.O. COM.
WITH MICROSWITCH: PB-6 WITH MICROSWITCH: PB-9
WITHOUT MICROSWITCH: PB-5 WITHOUT MICROSWITCH: PB-10

Dimensions in millimeters and (inches)

1.8m =15°
112 (4.4) <y { 244 (9.6
% ( DG (9.6) ) GRN
(not used)
ON

BLK

le) 112
4 WHT

< O vy
N.O. ~—_ COM. BLU
WIRING:  BLACK = throttle input ~ BLUE = switch, common (Note: The green wire is not used with

WHITE = throttle input ~ ORANGE = switch, normally open 1204X/1205X/1209/1221 controllers)

Dimensions in millimeters and (inches) ORG

Fig. 5 Curtis PMC footpedal FP-2.
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HARDWARE INSTALLATION

0-5V Input

A 0BV throttle input option is also available for th204X/1205X/1209/1221
controllers. The negative side of the 5V sourcaikhbe referenced to B- and
must be capable of driving an input impedance 61.5k

Curtis offers two bi-directional, wigwag electrorlrottle assemblies de-
signed for use with the’BV input: the ET series and the CH series.

The ET-XXXthrottle assembly provides &8Y output and forward/reverse
relay coil drivers. Dimensions for the ET-serieslonic throttles are shown in
Figure 6. The CH-XXX is a complete control heackadsly, consisting of an
ET-XXXthrottle integrated into a molded steel goiaktic assembly designed for
mounting directly to a tiller stem. For more infation about ET and CH
products, contact your nearest Curtisoef

Fig. 6 Mounting 6.00 % 6.00

dimensions, (0.24x 0.24) ‘ 6 S TC 312
Curtis electronic throttle )
(ET series).
— l— @ M5
— Ve
99.00 [ ] @
(5.90) 24.00 |
44.00 (0.94) |
(1.73) o |
l { o @ |

I I

69.00 24.00
(2.72) (0.94)
116°
22.00
~ (0.87)
N e
NG O -
i e

11 . 44.00
r (1.73)
22.00

(0.87) [
I

Dimensions in millimeters and (inches)
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HARDWARE INSTALLATION

OTHER HARDWARE

The recommended hardware for a typical 1204X/12020®/1221 controller
installation is shown in Figure 7.

Contactors should be mounted in a clean, dry locatf such a location is
unavailable, a cover should be used toededirt and water splash.

The precharge resistor connected to the main dmmfaand the coil
suppression diodes connected to the main contactbto the forward/reverse
contactors, are somewhat delicate components.9Gardd be taken to prevent
damage to them during installation.

CONTROL o
WIRING Ko\ POTBOX
FUSE
KEYSWITCH 0\ o FORWARD/REVERSE SWITCH
= ® (SPDT, center off)
POLARITY °© —
PROTECTION ‘\
DIODE ol XA o
] O
* EoM
* 7E| R
(250Q, 5W)
MAN FORWARD/REVERSE
CONTACTOR CHANGEOVER CONTACTOR
(Albright
SW180
- Q T P2 shown)
e [
B+ l
\N—~ = FWD | REV =
2 o o4 KSl—
= B- B+
F/R cont. output
E Bypass cont. output—
w P M- A2 Emergency reverse =«
': FWD input
Z [ REV input
i P
— Al A2
o ©
o—t—
B-
S1
BYPASS CONTACTOR
T T s2
% PRECHARGE RESISTOR, such as Curtis PMC p/n MP-2 1 [ SERIES
B COIL SUPPRESSION DIODE, such as Curtis PMC p/n MP-1 o MOTOR
u |-
(* Pedal microswitch not used with SRO controllers.)
(+* See Figure 10 for emergency reverse.)

Fig. 7 Typical ingallation, Curtis PMC 1204 X/1205X/120221 controllers.
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HARDWARE INSTALLATION

Main Contactor

Most applications use a main contactor in seriéls ttie battery positive (B+)
cable to disconnect all power when the systemrigeal off, as shown in Figure
7. A heawy-duty single-pole, single-throw (SPST htemtor with silver-alloy
contacts is recommended, such as an Albright SW&W180 (available from
Curtis).

A coil suppression diode, such as a Curtis PMC p/alMwhich is rated at
100 volts, 3 amps), should be used on the contaoibr

The rapid charging of the controller's internigér capacitors causes a high
inrush current to.ow brie_y when the contactor closes. To extend contagt life
a precharge resistor, such as Curtis PMC's p/n MRt2d at 25Q, 5W), is
recommended; the resistor precharges the capaeiarseduces the inrush
current through the contacts. If an inexpensbas itype solenoid is used, the
resistor is mandatory to prevent contact weldiray.dpplications above 48V, a
precharge resistor with a power rating greater &ahis recommended.

Forward/Reverse Contactors

The forward/reverse contactor coils must matclvéhéele's battery voltage. The
maximum allowed coil current for each contactdr &np. Use of a changeover
contactor set such as the Albright DC88 or DC182 (available frommtis) |
is recommended. Alternatively, two single-pole, loletthrow (XSPDT) con-
tactors may be used. Although inexpensian Itype solenoids may be used,
their ratings are typically not sudient for long life.

A coil suppression diode, such as a Curtis PMC p/rlMWhich is rated at
100 volts, 3 amps) should be used on each of tharfd/reverse contactor coils.

Forward/Reverse Switches

The forward/reverse contactor coils can be opetayeghy type of single-pole,
double-throw (SPDT) center-off switch capable oitdwng the coil current.
Toggle or rocker switches are generally used.

If your controller has the optional high pedal HisgHPD) feature and you
plan to wire it for freewheeling, the best switchuse is a double-pole, double-
throw (DPDT) rhesitation switchi a toggle switch with a mechanism that
forces it to stop in the center (neutral) positimore going into the opposite
direction. If a standard switch is moved quickéynfr one direction to the other,
it may not be in neutral long enough to actuate Hail the motor will plug
brake instead of freewheeling. The switch mushbeeutral for several millisec-
onds to actuate HPD.

Bypass Contactor

A bypass contactor can be used with controllers lhlage the optional bypass
contactor output feature. The bypass option isdtaionly on 12V and 286V

CurtisPMC 1204X/1205X/1209/1221 Manual 9



HARDWARE INSTALLATION

controllers. {oTe Abypass contactor should not be used with cdiatsdhat do
not have this feature, as the controller coulddeabed when the system comes
out of bypass mode.)

The bypass contactor must be able to carry anditéorupt the maximum
motor current. A coil suppression diode should Im@tused on this contactor.
Refer to the controller spedations in Appendix C to determine tbentact
current requirement for the bypass contactor. Theimmum allowedcoil
current for this contactor is 1 amp.

Emergency Reverse Relay

A small double-pole, double-throw relay must bedted to implement emer-
gency reverse. Its contact rating must be adedaasitch the current needed
by the forward/reverse contactor coils.

Keyswitch and Interlocks

The vehicle should have a master on/off switchuta the system off when not
in use. A keyswitch is typically used for this pasp.

An interlock device is necessary for implementatb8RO . With the SRO
option, the vehicle cannot be started or operaittbut the designated SRO
interlock activated.

Various other safety and convenience interlocksasaybe used to prevent
motor operation during certain conditions. For exna battery charger
interlock can be used to prevent operation durlmyging. Similarly, a seat
switch can be used to turn the vehicle off whendperator gets up from the
driver's seat. The contacts of these switches ghoilrated for the total coil
currents of all the contactors they operate.

Polarity Protection Diode

For polarity protection, a diode should be addeti¢acontrol circuit. This diode
must be sized appropriately for the maximtatal contactor coil currents.

Control Wiring Fuse

To protect the control circuitry from accidentabds, a small fuse (typically 10
amps) connected in series with the B+ feed to tmgrol circuitry wiring is
recommended.

Power Wiring Fuse

To protect the power wiring circuit, a fuse appiate for the controller's rated
current (see Appendix C) is recommended.

CurtisPMC 1204X/1205X/1209/1221 Manual 10



WIRING

WIRING

CONNECTIONS: Low Current

Two 1/4" push-on terminals are provided for theottie inputs. If your
controller has a voltage throttle input, there #l only one throttle terminal.

A 6-pin low power connector molded into the riglttesof the controller
face provides the low power logic control connetsio KSI input, forward/
reverse contactor output, bypass contactor outypib(al), emergency reverse
(optional), and forward and reverse inputs.

/

| ——2
Throttle inputs
——3

] 1

0
—/

Keyswitch input (KSI)

F/R contactor output
Bypass contactor output
Emergency reverse input
Forward input

TPTLT

Reverse input

Several manufacturers make mating connectors ththis connector. The part
numbers listed are for the recommended 0.75 (448 AWG) vinyl insulated
stranded wire.

MFR

PART NUMBER

DESCRIPTION

AMP

#640426-7

locking, insulation displacement terafsn
wires at right angle to connector

Methode #3300-107-218

locking, insulation displacenterminals

Molex

#09-50-3071

locking, crimp terminals

Panduit

#CE156F18-7

locking, insulation displacemimtinals,
wires at right angle to connector

CurtisPMC 1204X/1205X/1209/1221 Manual
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WIRING

CONNECTIONS: High Current

Four tin-plated solid copper bus bars are providethe high current connec-
tions to the battery and motor.

Negative connection to battery —— ——  Positive connection to battery
and to motor armature

[ 1 |
= B- B+

—

Output to motor field 4|:| M- A2 |:|—E'* Plug diode to motor armature

oog o

O

The cables used for the battery and motor conmextioust be heavy enough to
carry the high current required. Rubber insulateldiiwg cable is convenient to
work with because of its flexibility.

Connectionsto the controller bus bars should eméth lugs suitable for
the cable used, fastened by M8 (5/16") bolts ans.When tightening the
bolts, two opposing wrenches should be used. [atloiruse the double-
wrench technique could cause undue strain to lsegblan the internal connec-
tions, and could also result in cracked seals atabe bus bars.

WIRING: TYPICAL INSTALLATION

Curtis PMC 1204X/1205X/1209/1221 controllers arsigteed to satisfy the

requirements of material handling applicationsgisgries motors. Figure 8 is a
schematic diagram of the installation shown in Féga. Wired this way, the

vehicle will plug brake if the direction is changgith the vehicle moving and the
throttle applied. Reversing is accomplished viamavérd/reverse changeover
contactor or two single-pole, double-throm&PDT) contactors. Coil suppres-
sion diodes should be used on the main and forvesetse contactors.

KSI1 Wiring
The keyswitch input (KSI) circuit includes inputsri the keyswitch and from
the variousinterlocks. The controller KSI is usetlirn the controller on and off.
KSlisturned on by connecting it to battery B+yAwositive voltage greater than
about 8 voltswill turn on the controller, but ubyrdne full vehicle battery voltage
is used.

In its simplest form, KSI is operated by a keyshiticat turns the vehicle off
and prevents unauthorized use. The keyswitch shalsddturn off the main

CurtisPMC 1204X/1205X/1209/1221 Manual 12



WIRING

| +

—

[1[if--4]1)

CONTROL WIRING
FUSE

(*not used with SRO controllers)

POWER WIRING
FUSE

KEYSWITCH INTERLOCKS MICRGSWITEH
> o 0 oo —0 O
POLARITY N
PROTECTION
DIODE *
MAIN
— —o 0 0
LAMJ ] (/ Rc/
PRECHARGE RESISTOR
(250 Q, 5 W)
A2 : Al — —
o w ]
z g @ 2
POTBOX [\ < 5 g %
F  RC N e g g
Sl @="Y Y \—gS2
\
;/f F R;/f ( _ CjB ‘A—L'BJr KSl—
, F/R cont. output
Bypass cont. output
’ M- A2 Er{?ergency reverge o
FWD input
D H REV input
— 1A BYPASS

1

(**See Figure 10 for
emergency reverse.)

Fig. 8 Basic wiring conguration, Curtis PMC 1204X/1205X/1209/1221 con¢rall

contactor and the forward/reverse contactors. Witliact as a safety feature by
removing power from the motor control system whwea keyswitch is off.

Interlocks (seat switches, battery charger intkgoetc.) should be wired in
series so that they turn off the controller KSI ahe contactors. An SRO
interlock (a seat switch, for example) must bedvireorder to implement the
optional SRO feature.

Forward/Reverse Wiring

The forward/reverse wiring schemes described Hiemssame the power wiring
shown by the heavy lines in Figure 8. Some vehiegsecially those previously
using older, resistor-type controllers, may revdiganotor armature rather than
the Celd winding. Be careful if you are replacing thipe: of controller. When
using the Curtis PMC controller it is essentialttttee eld be reversed and
that the armature be connected directly to the radlet's B+ and A2
terminals, because the plug diode inside is coredeitt these terminals.

CurtisPMC 1204X/1205X/1209/1221 Manual
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Fig. 9 Control wiring for
inhibiting plug braking,
in order to allow
freewheeling.

Plug Braking

The standard forward/reverse control wiring (assshan Figure 8 by the thin
lines) provides plug braking. The forward/revergéch should be in the positive
feed to the contactor coils, so that they can Iloeed off by the keyswitch,
interlocks, and pedal microswitch. The coil of awumtactor or the other is
energized to select the direction desired. Thesabat coils should have suppres-
sion diodes connected across them to improve swiinkact life.

Freewheeling: Wiring to Inhibit Plug Braking

If anon-SRO controller has the HPD option, thigdee can be used to inhibit
plug braking by briey turning off the controller's KSI input when treewward/
reverse switch goes through neutral. As showngur€i9, another set of contacts
is added on the forward/reverse switch. Therefdnuble-pole, double-throw
(DPDT) center-off switch must be used for this petdi (hesitation switchiis
recommended, to ensure the switch isin neutrgldmough to actuate HPD and
inhibit plug braking.

FUSE KEYSWITCH
o

INTERLOCKS MICI:SS\/;/LITCH

F/R SWITCH
(DPDT, center off)
T —o | o—

POLARITY
PROTECTION

AN
BYPASS

—'IIIII-*IIIIV—%
84S v

REVERSE

MAIN
AN
FORWARD
AN

— 3

KsI

F/R cont. output
Bypass cont. output
Emergency reverse (see Fig. 10)

FWD input —————
REV input

I

I

Plug braking can be reactivated during freewheddingeleasing the throttle and
reapplying it.

NoTE Contact factory for information on wiring SRO caoollers for
freewheeling.
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Emergency Reverse: Enhanced Plug Braking Current

To implement this type of emergency reverse, tlig-betton switch is wired to
a control relay that simultaneously selegts/ersel(regardless of the vehicle's
actual direction of movement) anfiill speed1] as shown in Figure 10 by the
dashed line. The controller is designed (interhdltly enhance plug braking
current when the emergency reverse input is cordéct B+.

FUSE KEYSWITCH
+ POLARITY INTERLOCKS !
PROTECTION
— DIODE EMERG. e
h— REVERSE . —of o—mm 898 —
_ 7 SWITCH -
- EMERG.
[—— Z REVERSE . F </ R /
h— % RELAY o
_ '|' ‘ —
. a
’ 2 1538 38
EMERGENCY REVERSE: EMERGENCY REVERSE: L g O i<
P 0-5kQ pot & > Os
o x m
w
— Ksl—
F/R cont. output
Bypass cont. output

Emergency reverse —
FWD input
REV input

Fig. 10 Wiring for emergency reverse (enhanced plug bratingent).
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Fig. 11 Standard throttle
pot, 0 bkQ.

Fig. 12 Bi-directional
twist-grip throttle with
10 kQ center-tapped,
4-terminal pot.

Throttle Pot Wiring

Standard Potbox Wiring
If the throttle input to the controller is from ais PMC potbox or footpedal,
the wiring is simple: just connect the two wiréthe potbox/footpedal cable to
the two push-on terminals of the controller, asash@ Figure 8. It doesn't
matter which wire goes on which terminal. The wig@sbe extended asrequired.
iMPORTANT: All vehicles with non-SRO controllers should hawedal-
actuated microswitches to protect against runawaybe event the for-
ward/reverse switch becomes stuck in either dioectilf your potbox
doesn't have such a microswitch built in, you sdoadd one.

Any suitable potentiometer of knominal resistance will work with the
standard throttle input of the 1204X/1205X and 12@91 controllers. As
shown in Figure 11, connection should be madeeoniper and to one outer
terminal of the pot so that resistance increastseathrottle is applied.

TO
THROTTLE
INPUT

TO
THROTTLE
INPUT

0-5kQ POT

Pots for Twist-Grip Throttles
Twist grip throttles either twist in only one ditien (and are used only for
acceleration), or they twist both ways (and ame aé®d for reversing, by means
of microswitches that select a direction contacteoy twist grips that twist in
only one direction, the controller throttle inpande from a 5QR pot as shown
above in Figure 11.

For twist grips that twist both ways, a pot capaiflgoing from zero in
neutral to 5 K in each direction can be used. A mechanism catesigned to
make a standard pot turn in the same

FASTER direction regardless of which direction

Ska é * the twist grip is turned. Alternatively, a
- o 4-terminal, center-tapped 1Qpot can

5 KQ % * THROTTLE be coupled directly to the twist grip, as

FASTER

shown in Figure 12.
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Fig. 13 Bi-directional
twist-grip throttle with a
standard 20 ® pot and a
controller with the
optional 5K210 throttle
input.

Fig. 14 Reduced speed
operation (with standard
0L5kQ pat).

A third method of accommodating bi-directional tvgsip throttles uses a
standard potentiometer and a controller with a tamtkard throttle input. As
shown in Figure 13, a standard 2Q kot is used, with its end terminals wired

SPEED
INCREASES
BOTH WAYS

20 kQ ‘

TO
THROTTLE
INPUT

together. The resistance goes from
5 kQ at neutral to zero at the
extremes| the opposite of the
standard throttle input cogu-
ration. Contact the factory if you
need this type of controller.

WARNING: with the input circuit shown in Figure 13,
potentiometer or wiringopen circuitsturn off tiatroller's
output. However, pot wiring shorts appear the sasmea
normal zero ohm signal to the controller, and pithduce
full speed operation ifthe short occurs whilepibever ison.

Reduced Speed Operation
Vehicle top speed can be easily limited, for safetyther reasons. Asingle resistor
connected in parallel with the throttle pot willitese maximum speed according
to its resistance value, as shown in Figure 14.dfsevariable resistor makes
adjustment of maximum speed easier. With a swipbed can be limited in
reverse only, or the speed reduction can be switoffel for example, to allow
authorized personnel to run the vehicle outdoofsliespeed.

é FASTER
-

0-5kQ

OPTIONAL
SWITCH

SPEED
REDUCTION
RESISTOR

TO
THROTTLE
INPUT

25

20

15

(k ohms)

SPEED REDUCTION RESISTOR

0

0 20 40 60 80 100
APPROX. % OF ORIGINAL TOP SPEED

The speed reduction shown in the curve is apprdginTdne actual vehicle
top speed will depend on the motor characterisiias the vehicle load. You
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Fig. 15 Curtis electronic
throttle (ET series) with a
contraller having the
optional O 5V throttle
input.

should determine by experiment the proper resigiae to give the desired speed
reduction.(vote: with reduced speed operation, only sgeed is reduced; full
power is maintained for starting at low speeds.)

Unlike resistor controllers, Curtis PMC controllegerate efciently in the
reduced speed mode, because little power is lostigh the controller.

Electronic Throttle Wiring

Curtis's electronic throttle, ET-XXX, is wired dsosvn in Figure 15. It requires
a controller with the optional/®V throttle input.

= =
,— ﬂ —l ---------- Connecror
-------------------- optional wiring

WHT/BRN 7 &
o
' '
GREEN . i
O
' '
ORANGE ! !
Lo
'
BLACK L
| '
' '
BLACK/WHITE Loyt
7
' '
WHITE Lt
' |
FUSE KEYSWITCH INTERLOCKS
t Dow
POLARITY — — &)
PROTECTION Pow
H >
+ Sy Ny i@
— = < x 0 o
= < B w § 3
_— s x o s Q
- Q @ 7P il
' — [— . R H 8
—_ O F/R cont. output %
— O--f-1-- Bypass cont. output ]
O--f-1-- Emergency reverse *
—‘7 U U 0 FWD input
—_ O REV input
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Bypass Wiring

If you are using a potbox, wire the control and gioaircuits for the bypass
contactor as shown in Figure 8. If you are usin§arseries electronic throttle,
the power circuit is the same; wire the contratwir as shown in Figure 15.

Note that a suppression diode is not used withbiipass contactor coil
because it would slow the turn-off of the contaetiih the possible result of a
false fault being detected. Bypass contactors dimilised only with controllers
that have the optional bypass feature. The byjmigsois available only on 12V
and 2436V controllers.

WIRING: PM MOTORS

Because of their M- fault detect circuitry, 1204X05X/1209/1221 controllers
are not compatible with permanent magnet (PM) mapplications. During
deceleration, the PM motor would act as a generhtiding the M- terminal
low. As the throttle demand is less than 80%, timgroller would interpret this
as afault and would shut itself off. The keyswitabuld then need to be recycled
before the controller could operate. Another probiethat plug braking could
not be used without adding external circuitry. Ehamtrollers are not recom-
mended for use with PM magnet motor systems. Cogsut Curtis ofce for
controllers compatible with PM motors.
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INSTALLATION CHECKOUT

Carefully complete the following checkout procedbefore operating the ve-
hicle. If a step does not test correctly, use tbetileshooting guide (Section 5)
to identify the problem.

% N

Put the vehicle up on blocks to get the drive whefl
the ground before beginning these tests.

Don't let anyone stand in front of or behind theole
during the checkout.

Make sure the keyswitch is off and the vehiclenis
neutral before beginning.

Wear safety glasses and use well-insulated tools.
\S 4

A Connect the battery. Use a voltmeter to verifgttthe proper voltage and
polarity appears at the battery B+ and B- terminals

B. Check the voltage at the controller B+ and B- lbars. If your system has a
precharge resistor in parallel with the main catwtrac/ou should see approxi-
mately 90% of full battery voltage. If your systdiwmes not have a resistor, connect
one temporarily (100 to 200 ohms, 5 watts, or av&d light bulb). The voltage
at the controller should rise to approximately 96R4ull battery voltage.

C. If TAlland[BlIdo not check out, troubleshoot the wiring conrmexti Do
not proceed until the trouble is corrected aAdiand (B icheck out.

D. With the forward/reverse switch in neutral, tum the keyswitch. If the

motor runswithout the throttle being applied, ttira keyswitch off and recheck
the wiring. If the motor does not run without thedttle applied, proceed with
the checkout.

E. Select a direction and slowly apply the throttlee motor should now
respond. Look to see which direction the wheeldwam@ing. If the wheels are
going the wrong way, turn everything off and inkemege the motoreld
connections.

F. Ifyou have HPD, check it next. Turn off the keiysh and direction switch.

Apply the throttle, turn the keyswitch on, and tlselect a direction. The motor
should not run. Release the throttle and re-applythe motor should now run.
If the motor runs before you release the throtdeheck the wiring.
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G. Ifyou have SRO, check it out similarly. Turn tife SRO interlock. Place
the direction switch in forward, turn the interld@ck on, and apply the throttle.
The motorshould not run. If the motor runs, recheck thengiriRepeat thistest,
selecting reverse before turning on the SRO intkrlo

H. Takethe vehicle down offthe blocks and drive & clear area. It should have
smooth acceleration and good top speed.

I.  On vehicles that are intended to plug brake ttesplug braking by driving
forward at moderate speed and shifting into reverdeout letting up on the
throttle. The vehicle should smoothly brake toop sind accelerate in reverse.

J. On vehicles that are intended to have plug bgakinibited, verify that the
maneuver inlproduces freewheel coasting.

K. Finally, check your emergency reverse. If younigle uses a belly-button
emergency reverse switch to enhance plug brakimgry depress the button
while the vehicle is moving forward (toward the @er). The vehicle should
stop quickly (more quickly than in Step) and accelerate in reverse at full speed
as long as the belly button is depressed. If tlig Ibetton is pushed while the
vehicle is moving backwards (away from the opejatbe vehicle will accelerate
to full speed but will not change direction.
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MAINTENANCE & ADJUSTMENT

Curtis PMC 1204X/1205X/1209/1221 controllers andbpaes require only
minimal maintenance if properly installetbTe: The controllers are sealed and
thus are noteld serviceable.

CONTROLLER

Maintenance

It is recommended that the following two steps &dqumed occasionally. First

remove power by disconnecting the battery, andhdisge the capacitors in
the controller (with a light bulb or a20Q, 25 W resistor connected for a few
seconds across B+, B-). Follow good safety practget the vehicle drive wheels
off the ground, wear safety glasses, and use tesutaols (see page 2).

1. Make sure the electrical connections to the afietr(and to the motor,
contactors, etc.) are tight. When checking theradiet bus bar connec-
tions for tightness, use two opposing wrenchess Tlouble-wrench
technique will help avoid putting stress on the bass, which could
crack the seals. Always use insulated wrenches.

2. Inspect all seals at the front and back of thradler. If necessary, use
a moist rag to wipe these areas clean enough tsgaihaan see the seals.
Look for cracks and other signs of seal damage.

If the seals are intact, clean the controller thghdy either by
washing it off or by wiping it clean with a moistg. Power must not be
reapplied until the controller terminal area is qdetely dry.

If the seals have been damaged, there are sewmsblp causes.
Perhaps the double-wrench technique was not usedl tlile cables were
installed. Perhaps the vehicle's environment reqtirat the controller
be better protected: either by mounting it in #ed#t location, or by
installing a protective cover.

Damaged seals can lead to faulty operation. Weglyoecom-
mend replacing controllers that have faulty seals.

Adjustment

Some controllers allow adjustment of the plug brgkiurrent, current limit, and
acceleration rate settings. The adjustment potthese models are located as
shown in Figure 16.
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Fig. 16 Adjustment pots.

CURRENT LIMIT ADJUST
(CCW = lower current limit) ;

E0.0=0=n
/7

46 CURRENTADJUST Z ACCELERATION RATE ADJUST
(CW = higher plug current) (CW = faster acceleration)

Use the following adjustment procedure. The keydwihould b@ff during
adjustment.

1. Remove the socket head screw (1/8" Allen) for @atipistment you
want to make.

2. Adjust the internal potentiometer using a snrmedlilated screwdriver
(available from Curtis).

3. Replace the socket head screw and nylon sealkewaEb prevent
stripping, do not over-tighten.

POTBOX
Maintenance

Potbox maintenance is similar to controller maiatese: inspect for integrity of
connections and mounting, and clean (with a maigf as required.

Adjustment

Curtis PMC potboxes are factory set and rarelyireguser attention. To test and
adjust, connect an ohmmeter to the potbox wiresusedhis procedure:

1. With the spring holding the lever arm against téteirn stop, the
resistance should be less than 50 ohms. Slowly rth@/ever. If the
resistance abruptly starts to increase when teeie8 mm (1/8") from
the stop (1.5 mm [1/16"] for potboxes without th&Enmoswitch), no
adjustment is needed.
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2. Ifadjustment is required, loosen the screw mgjdihe lever on the pot
shaft. Use a screwdriver to rotate the pot shigfityy with respect to
the lever. Recheck the point at which the resigtatarts to increase
and continue making adjustments until the incretads at 3 mm
(/8" [at 1.5 mm (1/16") for potboxes without th@croswitch].
When adjustment is correct, tighten the screw hgltle lever on the
pot shaft, then recheck to see that this actionnditl disturb the
adjustment. Make sure that the lever is still skdtavn on the pot shaft
below the slight bevel on the end of the shaft.

3. Check the resistance with the lever pushedalMdy to the other stop.
It should be between 4500 and 5500 ohms. If ititside this range,
the potbox is faulty and should be replaced.

4. For potboxes equipped with a microswitch, checkcbrrect switch
operation. Use an ohmmeter, or simply listen fa $light click the
switch makes. It should operate when the levebisrim (1/16") from
the return stop. If it does not, adjust by loosgnthe two screws
holding the slotted microswitch mounting platelie stop spacers and
moving the plate. Recheck the switch operating tpafirer tightening
the screws.
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TROUBLESHOOTING
AND BENCH TESTING

Some behaviors that may seem to suggest contnaifunction do nat, in fact,
indicate a problem but rather are typical of noropatation. Before undertakingthe
diagnogtic tests, check to see whether your protdenddressed in thest section,
[Operational Notes,

The diagnostic tests are designed to enable yeteamine whether the trouble
isin the controller or in some other part of thetancontral circuitry. The controllers
themselves are sealed and neld serviceable; contact your local CurtisPMC
service center if the problem is in the controlEne diagnostic section provides
enough detail to enable you totrack drcuitry f@mis to their source and repair them.

Finally, the bench testswill allow you to com controller operation in a smple,
low-power test conguration. Bench testing is primarily intended foeaking out a
number of controllers on a regular basis.

OPERATIONAL NOTES

Noise

Controller operation is normally silent, with tweceptions. A 1 kHz tone may
be heard during plug braking. This noise is noramal indicates that plugging
is taking place. The noise will stop when plug brglkstops.

The same noise may indicate overtemperature. Thealiler shifts fre-
guency during overtemperature from its normal 1% ki1 kHz, providing an
audible tone to alert the operator to the overteaipee condition.

Inability of Vehicle to Plug Brake to a Stop on a Steep Ramp

If the vehicle is rolling backwards down a steappan reverse and the throttle
isapplied demanding forward drive, the contralifirattempt to plug the vehicle
to a stop. If the ramp is so steep that the plgggimrent setpoint is insufient
to stop the vehicle, it will continue to be braked will nevertheless roll down
the ramp. If the mechanical brakes are appliedttaagehicle is stopped, the full
drive current will be available when the throt8eapplied and the vehicle will
proceed up the ramp.

Sluggish Vehicle Behavior

Loss of power will be noticeable when the battdnesome overly discharged.
This is a normal response to low battery voltageti€ PMC 1204X/1205X/
1209/1221 controllers are designed to protect apalamage caused by low
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batteries. On 2436 volt models, power to the motor is cut back witnervoltage
goes below 16 volts. Refer to the speations (Appendix C) for other models.

Hot Controller

Ifthe controller gets hot, it does not necessariycate a serious problem. Curtis
PMC 1204X/1205X/1209/1221 controllers protect thelmes by reducing
power to the motor if their internal temperatureeexis 78C (167F). Power
output will be reduced for as long as the overleeadition remains, and full
power will return when the unit cools.

In typical applications, overheating will rarely beproblem. However,
vehicle overloading may cause overheating, padilsif the controller is mounted
so that heat cannot be conducted away from itsotaéether heat-generating
devices are nearby. If thermal cutback occurs afteimg normal operation, the
controller is probably undersized and should bé&oced with a higher current
model.

IN-VEHICLE DIAGNOSTIC TESTS (TROUBLESHOOTING)

These tests require a general purpose volt chmméber can use either a
conventional V-O-M [Jor an inexpensive digital voltmeter.

The troubleshooting chart (opposite) serves agkega the procedures that
follow. Before starting these tests, refer to thprapriate wiring diagrams and
make sure your controller is hooked up properly.

Working on electric vehicles is potentially dangesoYou should
protect yourself while performing the diagnostit$eby jacking u
the vehicle to get the drive wheels off the growpkning the batter
circuit before working on the motor control cirquitearing safet
glasses, and using properly insulated tools (gda
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Fig. 17 Guide to troubleshooting procedures. [To usegdhide, refer to the spedd BRegamaay that follow.]

Check for power to the controller

Check voltage at CONTROLLER B- and BATTERY B+ terminals.

It should read full voltage for system. o

s

Check voltage at CONTROLLER B- and CONTROLLER B+ terminals.

if NO

It should read 1 to 5 volts less than full battery voltage.

P

Bad, discharged, or miswired
batteries, or corroded
connections.

TOO HIGH: contactor is welded.
TOO Low: 250 Q resistor or
controller is defective.

Check for main contactor operation and KS

Check voltage at contactor and at KSI terminal.

Contactor should read full rated voltage, and KSI must be above 8V. if NO

— e

Check voltage across contactor power terminals.

There should be no measurable voltage drop. i VES

Trace flow to locate
problem.

-

If voltage drop occurs,
contactor is defective.

-

Check potbox circuitry (orskQ throttles)

Check resistance at potbox wires while depressing pedal.

Al

Resistance should be between 0-50 ohms with pedal up, and if NO
4500-5500 ohms with pedal bown.
¢ rws
Check for shorts between potbox wires and vehicle frame.
if NO

Resistance should be at least 1 megohm.

s

Check voltage at upper throttle input terminal on controller.

B

Voltage should be 2.7 volts with pedal up, and if NO

Defective potbox, broken wires
to potbox, or improper
mechanical operation.

If lower than 1 MQ, wiring or
potbox is defective.

7.0 wolts with pedal pown, + a few tenths of a volt.

Terminal area is probably
contaminated with acid or
dirt.

Check for controller output

4-A, B, C

Check voltage output while depressing pedal (B+ to M-).

Voltage should be zero with pedal up, and full battery voltage

with pedal bown.

—=

Check current in controller’s M- (motor field) lead while
depressing pedal.

Current should be high, and motor should turn. if NO

if NO |
L

Controller is defective. ﬁ

If no current, look for open
circuit. If current is high but
motor won't turn, check motor,
wiring & plug diode.
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Check for power to the controller

Leave the keyswitch off for these tests.

Verify that battery (-) connectsto the B- termiofthe controller. Connect
voltmeter (-) lead to this point.

Connect voltmeter (+) to the battery side of th@neantactor. Check for
full battery voltage. If it is not there, the trdalis in the battery pack, the
cables to it, or the power fuse.

Connect the voltmeter (+) lead to the controllert&ininal. You should
read a voltage 1 to 5 volts less than the fulldvgtioltage. If this voltage is
zero or closeto zero, thetrouble iseither abadroller, abad 25Q resistor
acrossthe contactor, or an incorrectly connectiel between the contactor
and the controller. Trace the cable to make sui® liboked up right.
Remove and test the 28Dresistor with an ohmmeter. If these check out,
the controller is malfunctioning. If you see fuditbery voltage at this point,
then the contactor has welded and must be replaced.

Check for main contactor operation and KSI

Turn the key on, place the forward/reverse switdbriward or reverse, and
depress the footpedal until its microswitch opexgii@ these procedures,
we assume the footpedal is equipped with the recamadied microswitch.)

PEE This should cause the main contactor to operatie awit audible click.
Connect the voltmeter across the contacbdrterminals. You should see
full battery voltage (minus the polarity diode dyop

PRl The controller KSI terminal should also be gettfuly battery voltage.
Verify this by connecting the voltmeter (-) to ttantroller's B- terminal,
and the voltmeter (+) to the controller's KSI tanali

] Ifthe contactor and KSI terminal are not gettioljage, that'sthe problem.
Use the voltmeter tond out where it is not getting through. Connect the
voltmeter (-) to the controller's B- terminal artteck the following points
with the voltmeter (+) lead to trace thew:
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1. First, check both sides of the control wiringefus

2. Check both sides of the polarity protection ditmimake
sure its polarity is correct.

3. Check both sides of the keyswitch.
3. Check both sides of the pedal microswitch.
4. Finally, check the contactor coil and controK&i.

If the contactor coil and KSI are getting voltageke sure the contactor is
really working by connecting the voltmeter acrdsscontacts (the big
terminals). There should be no measurable voltege df you see a drop,
the contactor is defective. (We assume the recordatkprecharge resistor
isin place.)

Check the potbox circuitry

The following procedure applies to the standardtthe input conguration for
these controllers, which isa nominalbgot connected as a two-wire rheostat (0
=full off, 5 kQ = full on), and also to Xk 0 con gurations. If your installation
uses a controller with a throttle input other tBaBkQ or 5kQ[0, [hd out what

its range is and use a procedure comparable tontheelow to make sure your
pedal/potbox is working correctly.

With thekeyswitch off, pull off the connectors going to theottle input
ofthe controller. Connect an ohmmeter to the tiwesigoing to the potbox
and measure the resistance as you move the pedabtdiglown. The
resistance at the limits should be within thesgean

RESISTANCE (in ohms)

STANDARD
0L5kQ poT 5kQ0PoT

Pedal up: 0150 450015500
Pedal down: 450015500 00150

K] If these resistances are wrong, it is becausedhieself is faulty, the wires
tothe pot are broken, or the pedal and its linkag@ot moving the potbox
lever through its proper travel. Actuate the pedal verify that the potbox
lever moves from contacting the pedal-up stop tarlpeontacting the
pedal-down stop. If the mechanical operation lookay, replace the
potbox.
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While you have the potbox wires off the controliese an ohmmeter to
check for shorts between these wires and the edhéche. You should see
aresistance of at least 1 megohm. If it is lolwantthat, inspect the wiring
for damaged insulation or contact with acid. Ifessary, replace the potbox.

gED] Push the wires back on the controller terminatfoésn't matter which wire
goes on which terminal.

KEE  Inspect the terminal area of the controller clos@lgcasionally a buildup of
dirt or acid residue of a conductive nature cagisetrical leakage between
the throttle input terminals and the B- or M- tenais, leading to faulty
controller operation. To check for this problem anee the voltage at the
appropriate throttle input terminal (the upper tirghfor 0_5kQ pots, the
lower terminal for 5R [0 pots), by connecting the voltmeter (-) lead ® th
controller's B- terminal. The keyswitch must beaoil a direction selected
for this test.

THROTTLE INPUT VOLTAGE (in volts)

STANDARD
0L5kQ PoT 5kQ0 pPoT

UPPERTERMINAL LOWER TERMINAL

Pedal up: 2.7 3.1
Pedal down: 7.0 7.4

Compare your readings with these; if they areiffeby more than a few
tenths of a volt, contamination is probably theseau

KEA Carefully clean off the terminal area of the coliéravith a cotton swab or
clean rag moistened with water, and dry thoroughly.

P e Be sure to tqrn everything off
before cleaning.

Nowtest the controller to see if proper operaismastored. If so, take steps
to prevent this from happening again: dirt and natast be kept from
reaching the terminal area of the controller. # tholtages are still out of
range, the controller is at fault and should béaoepul.
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Check for controller output

The [rst step is to measure the output drive voltagdéomotor at the
controller's M- terminal.

PRl Connect the voltmeter (+) lead to the controlB# serminal. Connect the
voltmeter (-) lead to the controller's M- terminal.

P Turn on the keyswitch with the forward/reverse elvin neutral, and then
select a direction and watch the voltmeter as yeprass the pedal. The
voltmeter should read zero (or close to zero) legfou apply the pedal, and
should read full battery voltage with the peddyfdéepressed. If it does not,
the controller is defective and must be replaced.

FEs] Thenext stepisto measurethe current in theaterts M- lead. Ifyou have
a means of measuring this high dc current, sueshant/meter setup or
a clamp-on dc ammeter, use it. If not, we recomntéatl you buy an
inexpensive ammeter of the type that is simply lghinst the wire being
tested. These are readily available at auto garesss and their accuracy is
adequate for this test.

FEE Turn on the keyswitch with the forward/reverse slvin neutral, and then
select a direction and watch the ammeter whileassprg the pedal.

PR If you see no currentowing in the M- lead, the problem is an open circui
in the motor or the wiring between the motor arelddntroller. Check the
forward/reverse switch. If your vehicle uses corttecfor reversing, check
to see that they are operating and that their ctswae closing. If these are
okay, check the motor armature aredd for opens.

FEe If you do see a high currenbwing in the M- lead, but the motor does not
turn, the problem isa short in the motor ciraiiswired motor, or ashort
in the controller's internal plug diode. Test theymiode as follows:

1. Remove power by opening the battery circuit. Tiddee
cable off the controller's A2 terminal.

2. Use an ohmmeter to check the resistance betvreen t
controller's A2 and B+ terminals. You are testingthe
presence of a diode inside the controller, so shvagwo
leads of the ohmmeter and look for alow resistaneavay
and a much higher one the other way. If your mteasra
diode test function, use it.
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3. If you [nd the diode to be shorted, the controller is
defective.

Put the A2 cable back on the controller and recaintine battery.

Ifthe plug diode is okay, there isa short inrtiegor circuit. The short could
be in the forward/reverse switch, so look thenst. Because the resistance
of the motor is so low, the motor must be testpdrseely if it is suspected
of having a shorted winding.

BENCH TESTING

First, before starting any bench testing, pick ki@ ¢ontroller and shake it. If
anything rattles around inside, the unit shoulddberned.

Protect yourself during bench testing. Wear safietyses and use insu-
lated tools.

Equipment Needed

The simple setup shown in Figure 18 is requireddsting these controllers on
the bench. You will need:

Da POWER SUPPLY with a voltage equal to the ratifithe
controller you want to test. You can use eithérilagof batteries
or a regulated line-operated power supply. Becanse low
power tests will be described, a 10 amp fuse shioeildired in
series with the batteries to protect both operatal controller
against accidental shorts. A battery charger atbioald not be
used as a power supply, because without a babiefytls output
voltage may exceed the rating of the controller.

[Da THROTTLE POTBOX. For controllers with the startiar
throttle input conguration (a5 K pot wired as a two-terminal
rheostat), a Curtis PMC potbox or any® got will work [he.
For controllers with other input options, use whatékind of
throttle is used on the vehicle.

[1aPOWER SWITCH todisconnect all power from thedetsip.

[DaMAIN CONTACTOR with a 250 ohm, 5 watt resistorass
its high-power contacts and a KEYSWITCH to turoritand off.
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Pin detail for Fig. 18
P1 [ |0 KSlinput

P2 [ ]0 F/R output

P3 [_]1 Bypass output
P4 [] (nlc)

p5 [ |0 FWD input

P6 [ ]I REV input

[l FORWARD/REVERSE CONTACTORS and a single-pole,
center-off FORWARD/REVERSE SWITCH.

[Ja BYPASS CONTACTOR if one is used in the vehicle.

[Ja TEST LOAD consisting of incandescent light bwilired in
series to get the same voltage as your power supplyexample,
with a 36 volt battery, use three 12 volt bulbs.)

[JaFAULT SWITCH (a simple on/off switch) to simulatdault
condition.

[Ja general purpose VOLT OHMMETER or DIGITAL VOLT-
METER.

KEYSWITCH

POWER SUPPLY
(to match your controller)

POWER
SWITCH

g

POTBOX
(to match your controller's
throttle output)

BYPASS
CONTACTOR

F/R SWITCH

MAIN
CONTACTOR

FORWARD REVERSE

F/R CONTACTOR

m%@

TEST LOAD
(to match battery woltage)

Fig. 18 Setup for bench testing.
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Bench Test Procedure

A

m

Hook up the controller as shown. Connect thenveter leads to the
controller's B+ and B- terminals. Make sure thdtfawitch is OFF!

Turn on the power switch (not the keyswitch) avadch the voltmeter. Its
reading should build up slowly over several secoodédthin a couple of volts
of full battery voltage. If this voltage does nohte up, the controller is bad.

Now turn on the keyswitch. The main contactoruthaurn on and the
voltage at the controller's B+ and B- terminalsusianow equal the full
battery voltage. Move the throttle through its ®nghe lamps should
remain off.

Select(forward Iwith the forward/reverse switch. The forward catia
should turn on. Increase the throttle and watchlaimp brightness. The
lamps should go smoothly from full off to full over the throttle range. If
a bypass contactor is connected, it should turguaékly when the throttle
is returned to full off.

Repeat step D, selectinggversewith the forward/reverse switch.
If the controller has the SRO option, test ifodews:

1. Turn off the keyswitch (which will serve as tHe( interlock for
this test).

2. Select/forward 'with the forward/reverse switch. The forward
contactor should remain off.

3. Turn on the keyswitch. The forward contactor thatill remain
off, and the lamps should not turn on when thettlerés moved
through its range.

4. Move the forward/reverse switch back(tweutral (center), and
then select forwardlagain. This time, the forward contactor
should turn on; moving the throttle through itsgashould change
lamp brightness; and the bypass contactor (if sesed) should
turn on a couple of seconds after the throttlehesaéull on and
should turn off quickly when the throttle is retedchto full off.

G. With the controller on and operating in the favdirection, check the

controller's fault detect feature as follows:

1. Movethethrottleto fullon. The lamps shouldbtull brightness.
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2. Turn on the fault switch, shorting M- to B-. Tlaenps should
remain at full brightness.

3. Move the throttle to at least halfway toward dfhe forward
contactor and the lamps should turn off.

4. Move the forward/reverse switch theutral land then back to
(forward._The forward contactor should not turn on, bectse
fault is still on.

5. Turn off the fault switch.

6. Move the forward/reverse switch tneutral 'and then back to
(forward. The forward contactor should now turn on and the
controller should operate properly.

H. Ifthe controller has HPD, test this featurecdisws:
1. Turn off the keyswitch.
2. Selectneutrall}
3. Move the throttle to about halfway.
4

Turn the keyswitch switch on and select a dioectVerify
that the lamps do not come on until the throttiaéved
most of the way toward OFF and then moved back up.

I. Testthe controller'sthrottle fault protecti@afure by pulling off one of the
throttle's two connections to the controller's tHeanput terminals while
the lamps are on (throttle in the ON position). Tdameps should turn off.
With the throttle still in the ON position, recorabé¢he wire. The lamps
should smoothly increase in brightness to theivipus level.

J.  Finally, remove the controller from the test patind check its internal plug
diode, as described in Troubleshooting Procelter
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GLOSSARY:
FEATURES and FUNCTIONS

Acce leration rate

A built-in acceleration rate circuit maintains aximaum rate of power increase
to the motor. If the throttle is applied full on start-up, the acceleration rate
setting determines how quickly the controller outpmcreases. The standard
setting is such that with the throttle full on, toatroller requires approximately
one second to reach full output. This feature douates to smooth, gentle starts.

The acceleration rate is adjustable via an extigraetessible trimpot; see
Section 4 for adjustment instructions. Tdeeeleration rate isxed, and cannot
be adjusted.

Arcless contactor switching

Each time the forward/reverse switch passes thrawghral, the controller's
output is rapidly turned off (even if the throtiteheld on) so that all motor
current has stopped by the time the forward/reeersactor drops out. Control-
ler output always starts at zero and increasestériyat the set acceleration rate
each time a new direction is selected. As a refarlivard/reverse switching is
arcless.

Bypass contactor switching is also arcless, provitie current being inter-
rupted is below the controller's current limit.

Bypass (1A) [OPTIONAL FEATURE]

Ifthe throttle input is greater than 90% for midvan one second, the controller's
bypass contactor output is turned on. This closeshlypass contactor that
connects M- directly to B-, thus connecting the onatirectly to the battery.
Bypass allows the motor current to exceed the maxiroontroller current limit,
giving the operator access to more torque (foirggethe vehicle out of a hole, for
example, or up aramp). Afuse should be instatietie power wiring circuit to
protect the motor when using bypass.

Curtis PMC controllers are sa efent that the difference inlafiency when
operating with and without bypass is negligiblee hinain advantage of bypass is
the additional torque it can provide in overloadditions.

The 1204X/1205X/1209/1221 controllers are availalitle or without the
bypass feature in the 12V and 36V models. The bypass option is not available
in the higher powered models.
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Controller fault protection

Faults can be caused internally (e.g., failed mla@t components) or externally
(e.g., wrench dropped across controller termin@k)en a fault is detected, the
controller's forward/reverse and bypass contaaitpuis are turned off.

Faults are detected by monitoring the controlket*soutput. M- should
periodically go high; if it remains low for moreai 20 ms, a fault is detected.
Fault protection is disabled for throttle inputajes than 80%; this prevents full
speed and normal bypass mode from being detecfedls

To recover from a fault, the forward/reverse switthst be turned off and
back on again. For controllers with SRO, the SRqueace must be initiated.
If the fault has been corrected, the controllet twiln back on.

Current limiting

Curtis PMC controllers limit the motor current tgpeeset maximum. This
feature protects the controller from damage thghiniesult if the current were
limited only by motor demand.

In addition to protecting the controller, the catrdimit feature also
protects the rest of the system. By eliminatindplugrrent surges during vehicle
acceleration, stress on the motor and batteniedised and their iefiency and
service life are improved. Similarly, there is legsar and tear on the vehicle
drivetrain, as well as on the ground on which tékiale rides (an important
consideration with golf courses and tennis cotdistsexample).

The maximum motor current can be factory-set tonal value than the
standard maximum, if requested. In addition, threstut limit is(eld adjustable
(see Section 4).

Current multiplication

During acceleration and during reduced speed aperathe Curtis PMC
controller allows more current toow into the motor thanows out of the
battery. The controller acts like a dc transforrtegting in low current and high
voltage (the full battery voltage) and putting digh current and low voltage.
The battery needs to supply only a fraction ofdireent that would be required
by a conventional controller (in which the battemyrent and motor current are
always equal). The current multiplication featuvegvehicles using Curtis PMC
controllers dramatically greater driving range pattery charge.

Emergency reverse [OPTIONAL FEATURE]

Emergency reverselfelly-button) switches can be mounted on the handles of
walkie vehicles. The emergency reverse switchrisdiio the controller, reverse
contactor, and throttle pot in such a way thatéfbutton is pressed against the
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operator by the advancing vehicle, the controllewides enhanced plug braking
current to stop the vehicle quickly and reverséliitsction.

The 1204X/1205X/1209/1221 controllers are availatileer with or with-
out the emergency reverse feature.

Environmental protection

Curtis PMC 1204X/1205X/1209/1221 controllers araegedl in rugged anod-
ized aluminum extrusions that provide environmeptatection. Controllers
must be kept clean and dry, however, to ensureliteng

ET-series electronic throttles

The ET-XXX is a wigwag-style throttle control asd#y manufactured by
Hardellet for Curtis. It provides a BV signal in both the forward and reverse
directions along with high side coil drivers foetforward and reverse contactor
coils.

High current coil drivers

The 1204X/1205X/1209/1221 controllers are availabie request, with high
current drivers for the forward/reverse and bypasgactor coil inputs. These
high current coil drivers, which arerated at 2 angpher than the standard 1 amp,
are necessary to accommodate contactors with catlecurrents above 1 amp.
The recommended Albright contactors do not rechighk current coil drivers.

High pedal disable (HPD) [OPTIONAL FEATURE]

By preventing the vehicle from being turned on witbk throttle applied, HPD
ensures the vehicle starts smoothly and safélyelbperator attemptsto start the
vehicle when the throttle is already applied, thietwller (and the vehicle) will
remain off. For the vehicle to start, the contraffeust receive an input to KSI
before receiving a throttle input. In addition t@yding routine smooth starts,
HPD also protects against accidental sudden stgtsblems in the throttle
linkage (e.g., bent parts, broken return springg githrottle input signal to the
controller even with the throttle released.

The 1204X/1205X/1209/1221 controllers are availatileer with or with-
out the HPD feature.

KSI

KSI (Key Switchlnput) provides power to the controller's logicuitry via both
the keyswitch and the footpedal microswitch. KShdd be used to turn the
controller on and off.
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MOSFET

A MOSFET (Metal Oxide SemiconductoField Effect Transistor) is a type of
transistor characterized by its fast switching dpemd very low losses.

Overtemperature
See Thermal protection.

Overvoltage cutoff

Overvoltage cutoff inhibits the PWM and opens tlbatactors, preventing
operation when battery voltages are too high foppr functioning. This protects
the controller and motor from possible damage duled overvoltage condition.
Overvoltage can result during battery chargingromf an improperly wired
controller. Controller operation resumes when thitage is brought within the
acceptable range. The cutoff voltage and re-evalilege are percentages of the
battery voltage and are set at the factory.

Plug braking

The vehicle can be braked electrically by seledtiregopposite direction with the
forward/reverse switch without releasing the tHeoWvhen the motor isreversed,
the armature acts as a generator; the contrafjetates the current in the motor
Celd winding to give an appropriate level of plughing torque. The vehicle
brakes smoothly to a stop, then accelerates iotther direction. foTe: The
controller may be unable to provide plug brakinthié vehicle is moving too
slowly for the motor to generate the necessary ptaging current.)

The plug current limit is factory set to meet casén requirements. In
addition, the plug current limit is adjustable araexternally accessible trimpot;
see Section 4 for adjustment instructions.

Two types of plug braking control are availableialale and xed. Variable
plug braking allows the amount of plug braking toduljusted via the throttle.
When direction is reversed, the plug braking curiretreases as a function of the
throttle position. Maximum plug braking will occatrmaximum applied throttle.
Fixed plug braking, on the other hand, appliessffexi ed amount of braking
when the direction is reversed regardless of theuarnof throttle applied.

If plug braking is not desired, the vehicle canwlired so that moving the
forward/reverse switch through neutral causes¢héle to freewheel as long as
the accelerator is applied. If the throttle isastel and reapplied, plug braking
will then occur. To inhibit plug braking in this wayour controller must have
the optional HPD feature. Wiring details are preddn Section 3.

A 1 kHz tone may be heard during plug braking. Tiuse is normal and
indicates that plugging is taking place. The naifiestop when the plug braking
stops.
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Pot fault
See Thrattle pot fault protection.

PTC

A PTC (PositiveTemperatureCoef cient) resistor is a resistive element that
changesvalue dependingon itstemperature. ABmperatures, it has a very low
resistance value. As current flows through the PiT @gats up and at a certain
temperature it trips to a higher resistance v&TeCs are used on the keyswitch,
forward, and reverse controller inputs to improegfgrmance in freezer and
moisture-intensive environments. Their additioné@ases the standby current to
approximately 250 mA on 12V models and 100 mA on38% models.

PWM

PWM (PulseWidth Modulation), also calledchopping,Jis a technique that
switches battery voltage to the motor on and aff geickly, thereby controlling
the speed of the motor. Curtis PMC 1200 seriesabheris use high frequency
PWML(] 15 kHZ ] which permitssilent, etient operation. PWM is described in
more detail in Appendix B.

Smooth, stepless operation

Like all Curtis PMC 1200 Series controllers, 1204205X/1209/1221 models
allow superior operator control of the vehicle'iselmotor speed. The amount
of current delivered to the motor is set by vanfing ontime (duty cycle) of
the controller's power MO SFET transistors. Thistégue | pulse width modu-
lation (PWM)_! permits silent, stepless operation.

Static return to off (SRO) [OPTIONAL FEATURE]

The SRO feature prevents the vehicle from beintestavhen’in gearlIf the
operator attempts to start the vehicle while invéod or reverse, the controller
(and the vehicle) will remain off. For the vehittestart, the controller must
receive an input to KSI from the designated SR@riotk before receiving a
forward or reverse input from the forward/reversigch. Like HPD, this safety
feature ensures smooth starts.

The 1204X/1205X/1209/1221 controllers are availalileer with or with-
out the SRO feature.

Temperature compensation

Internal temperature compensation ensures thatdheoller's current limit
remains constant over varying controller tempegsur his eliminates perfor-
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mance variations resulting from variations in coliér operating environment
temperatures.

Thermal protection

Because of their efiency and thermal design, Curtis PMC controllbicudd
barely get warm in normal operation. Overheating @ecur, however, if the
controller is undersized for its application orerhise overloaded. If the internal
temperature of the controller exceed8@%167F), the main and plug current
limits decrease steadily until they are reducedeto at 98C (20C0F). At the
reduced performance level, the vehicle can be mened out of the way and
parked. The controller shifts frequency during temperature from its normal
15 kHz to 1 kHz, providing an audible tone alertithg operator to the
overtemperatureNpTe The plug current limit can be made independent of
temperature. This ensures full braking capabilignen overtemperature condi-
tions. However, it may result in premature plugdéidailure due to excessive
thermal stresses.)

Full current limit and performance return autorradlycafter the controller
cools down. Although this action is not damagingttie controller, it does
suggest a mismatch. If thermal cutback occurs @fiemrmal vehicle operation,
the controller is probably undersized for the apion and a higher current
model should be used.

The controller is similarly protected froemdertemperature. Should its
internal temperature fall below -25 (-13’F), the current limit decreases to
approximately one-half of the set current. Whendbrtroller warms up, full
current limit and performance return automatically.

Throttle pot fault protection (runaway protection)

To prevent uncontrolled operation, these contbaut off the motor in the
event of an open circuit fault in the throttle ¢s wiring. The standard
con_guration is a two-wire pot ranging from 0 ohmsftdroff to 5000 ohms for
full on; if the controller detects an abnormallgthithrottle input (more than
about 1.5 times the normal input resistance) Litsbff its output to the motor,
thus preventing a runaway. The controller retuonsarmal operation when the
fault (e.g., broken potbox wiring, broken connestdras been repaired.

Undertemperature
See Thermal protection.

Undervoltage protection

The control circuitry requires a minimum batterjtage to function properly.
The controller is therefore designed so its outipugradually reduced if the

CurtisPMC 1204X/1205X/1209/1221 Manual 41



GLOSSARY

battery voltage falls below a certain level. Cukbaltages for the various models
are listed in the spedations (Appendix C). Reducing the output to theéano
allows the battery voltage to recover, and an #mjuim is established in which
the battery supplies as much current as it canowitfalling below the cutback

voltage.
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APPENDIX A
FUNCTIONAL DESCRIPTION

(SHADED AREA REPRESENTS CONTROLLER)
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Fig. A-1 Block diagram, Curtis PMC 1204X/1205X/1209/122 1t aifers.

These controllers consist of three sections: EQWER SECTION, (2) aLOGIC SECTION, which drives the
power section, and (3) &UXILIARY SECTION, which enables and monitors the power and logitoses.

CurtisPMC 1204X/1205X/1209/1221 Manual A-1



APPENDIX A

POWER SECTION

An array of paralleled powenetal oxide semiconductoeld effect transistors (MO SFETS) switches pulses
of current from the battery to the motor. During thterval when the MO SFET s are off, the motoreirr

continues to ow in thefreewheel diode, which is actually a number of |ieleal fast recovery recters. An
array of_lter capacitors connected directly across the hygpi®vides the instantaneous current required by
the power switching circuitry and in this way pibes battery ripple currentitering and voltage spike
suppression. Thelug diode provides a path for armature currentdw during plug braking.

LOGIC SECTION

B- is the ground return for all of the logic andifiary circuitry. For systems over 12 volts, thetery supply
is regulated down to 14 volts to power the logicugiry. The output of th&4 volt requlator is switched on
and off gwitch) by thekeyswitch input (KSI) from the auxiliary section power up the control circuitry
when the vehicle isin use and to power it dostiru{down) when the vehicle is not in use. Controllgput
(PWM pulses) will be inhibitedolulse disable) by the auxiliary section if a fasitietected or until the proper
control sequencing is applied to switch input andorward and reverse inputs.

The speed control inputhfottle input) is usually a 5000 ohm, two-wire pbtut other types can be
accommodated, so axiblethrottle input scaling circuit conditions the caslinput to a standard level. This
standardized throttle input goes to @meeleration circuit, which limits the rate at whithe controller
output can increase. The acceleration rate is/sgtrésistance, and is adjustable via a user daledssnpot

(acceleration ramp adjust).

The output of théhrottle input scaling also goes tpat fault circuit, which turns the controller outpmff

in the event of inputs (e.g., broken wires) thatildootherwise cause a runaway. An optional protecti
featurehigh pedal disable (HPD), inhibits controller outjiftthe controller is turned on with the throttle
applied. After an interval measuresdaft-up timer) from the moment the KSl input isted on, the HPD
circuit checks the throttle position. If an applikdottle condition is detected, controller outmibeld off
until the throttle input is returned to zero andrtmormal operation is allowed.

The control signal then goes to tlmait_integrator, which reduces the controller auttpn response to
undervoltage, overvoltage, or overcurrent. The taveraged response of this circuit gives a stahbiéig
action. Theundervoltage detector gives an output when thestyatbltage is too low. The reduction in
output allows the battery voltage to recover anéaailibrium to be established at a voltage higbug to
allow the controller to function properly. Tbeervoltage detector produces an output when pattdage
istoo high (e.g., overcharged batteries) to ptatexcontroller from excessive voltage transiehbe current
limit function is explained in more detail below.

The heart of the logic circuitry is thmilse width modulator in which the control inputided from the
previous stages is compared in magnitude to a IZskiwtooth wave from thwescillator. The resulting pulse
output can be smoothly varied between full off &rlidon. These pulses become the input to the cdlatis
main power MOSFET switch viagate drive circuit that provides the high pulsgents needed to turn the
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power MOSFETSs on and off (see Fig. B-1). The stodipbe sawtooth wave can be altered so that most of
the pulse width change occurs in the earlier athim latter part of the control input range, givimgre
sensitive throttle response at high or at low speed

Current limiting is done by sensing the voltagepdacross the main power MOSFET switch when it is on
This voltage is compareayrrent limit comparators) with @urrent limit reference; when it exceeds the
reference, an overcurrent signal acts on the limégrator to reduce the controller output and tmld the
current at the limit. Because the voltage acrasptwer MO SFET switch is high when it is off, thuerent
limit comparison is inhibited during the off intahby thecurrent limit disable circuit. The current limit is
set as follows:

1.

During manufacture, the current limit is sethie tnodel's nominal rating; it is also
user-adjustable by a trimpaiufrent limit adjust) to currents lower than themioal
rating.

During operation at extreme high or low tempeaegucurrent limit is reduced to
protect the controller from damage. From a thersealsor fiemp sense) on the
heatsink, signals are produced to cut back thesctifimit at temperatures above
75°C or below -25C (overtempundertemp). The controller's operating frequency
shifts to 1 kHz during overtemperature operationdpcing an audible tone to alert
the operator.

During plug braking operation, the current linsireduced to give an appropriate
motor braking torque. The plug braking currenetsciring manufacture; it is also

user-adjustable by a trimpatl{g current adjust).

The [xed plug option provides one level of plug brakimgrent independent of
throttle position (provided it is at least mininyatlpplied). For the xed plugging
option, theplug current limit reference is derived from therent limit reference.

Thevariable plug option provides variable plug brakaugrent corresponding to the
position of the throttle. This allows much smootbeaking under control of the
operator. For the variable plugging option, phey current limit reference is derived

from thethrottle input scaling.

Theemergency reverse plug option (enhanced plug bgakimrent) is enabled by the
emergency reverse input (belly-button switch) frthra auxiliary section. This signal
increases thplug current limit reference tolxed value. Plug current limit will be at
this enhanced level, independent of acceleratatigrpseven if the variable plug
option is installed. Emergency reverse plug curkevel is set to customer spleca-
tions during manufacture and is not user adjustable
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The transition to the plug braking mode is detephay detect) by monitoring the voltage across thg p
diode. When this diode becomes forward biaseddicates that the motoeld has been reversed and the
controller has gone into plug mode. The currenttlimreduced as described, and the frequencyef th
oscillator is reduced from 15 kHz to 1 kHz, to alloner control of the controller output while plugging
During plug braking operation, the acceleratiocugiris reset to a low level so that when driverapien
resumes, the controller will go through a normeklration ramp. When the motor has come to a step,
plug diode will again become reverse biased anaahéoller will revert to normal drive operation.

AUXILIARY SECTION

The auxiliary section accepts all user control fridrakeyswitch,forward, reverse, an@gmergencv reverse
inputs, providesontactor drivers for thaiirection and optionddypass contactors, and monitors and controls
the logic and power sections. Inpaidgnal conditioning lters and clamps all inputs to provide logic level
signals for theontrol logic. Thred?TC resistors protect the keyswitch, forward, aaense inputs against
erroneous activation from external leakage pathigshican be created by moisture or conductive riastbat
settles between the controller's connections dweéhgcle use or cleaning. 22V regulator powered by B+
provides power for all auxiliary section circuit$ie auxiliary section power supply isindependéthelogic
section power supply; logic section failures thameto not affect the ability of the auxiliary $entto detect
faults. Power-on reset initializes tlwentrol logic when B+ is connected to the controlle

Controllerswith SRO (static return to off) must@éhe proper sequencing of KSI and forward/revepsat,
as determined by the control logic, to enable tmaroller and allow it to operate. KSI must turnlmefore
forward or reverse for the control logic to relgagtse disable (thereby turning on the controlléiSI is
turned on simultaneously with or later than forwardreversepulse disable will remain on (controller
disabled).

Controllers without the SRO option may require gsiétch input (dependent on vehicle wiring) if the
controller has HPD.

A valid turn-on sequencgenables the logic section so it will respond tattie inputs, and turns on the
forward/reverseontactor driver to actuate the selected direatmrtactor. If a fault is detectef@uilt detect)
or the logic board's power supply is out of rarlggi€ board check), the controller and contactaredmwill
not be allowed to operate even if a valid turn-equence occurs.

Thebvpass contactor driver will turn on the bypasdactor if the requestettrottle input level is at least
90% for at least one secortwyfass timer). When it reduces below 90%, the lsyp@stactor is turned off
instantly.

Both contactor drivers are short circuit protectedrrent sense detects contactor driver currentghwitien
signalsover-current control in the event of a shorted aotwr. Over-current control responds very rapidly
(=10ps) to turn off the contactor driver(s) and therntsvapproximately 10 ms before trying to turn therko
on again. If the coil short is still present, ogarrent control will keep trying to turn back offdon until
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the short is removed or the controller turned Diffis 10¢is-on, 10-ms-off timing produces very low power
dissipation in the drivers while protecting theronir the shorted load.

Fault detect monitors M- to comm that it periodically goes high. If M- remainsddor more than 20 ms,
afault isassumed (internal or external to theradier); the forward/reverse contactor drivernisted off and
the logic board pulses are disabled. The contrafleremain off until the proper input switch semcing

is re-applied. If the fault is still present, thantroller will remain off; otherwise, it will turbback on. Fault
detect is inhibitedféult inhibit) for throttle inputs greater than 8G#avoid sensing a false fault when the
bypass contactor turns on at 90% throttle inpup#ésy looks like full speed at M-). Tindibit release timer
keeps fault detect inhibited for about 50 ms dfierthrottle request decreases below 80% duty tyeltow
time for the bypass contactor to drop out. Thiaylaloids detecting a slowly releasing bypass cbortas

a fault.

Theemergency reverse input causes the controller totgglug braking mode with increased currenttimi
Increasing the current limit is necessary becausetandard plug braking current limit is usuathy high
enough to slow the vehicle fast enough for emesgem@rsing. The emergency reverse switch is eadlgrn
wired to a relay that simultaneously seleceserseland full speed. The vehicle is suddenly reversed (if in
forward) and the controller goes into enhanced plading mode to slow the vehicle to a stop before
accelerates away from the operator in reverse.
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APPENDIX B
PULSE WIDTH MODULATION

(SHADED AREA REPRESENTS CONTROLLER)
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Fig. B-1 Pulse width modulation.

A high power semiconductor switch, consisting obaray of parallel power MO SFET transistors, colstro
the current in the motor windings. The transishoesconnected in series with the battery and titembhe
transistors are turned on and off 15,000 timesgmnd by the controller circuitry, while the ratfdhe on/
off times is varied in response to the input denednioly the throttle.

When the transistors are on, the current througtmibtor builds up, storing energy in the motor'gmetic
Celd. When the transistors are off, the stored greengses the motor current to continuedw through the
freewheel diode. The control current ramps up anwindas the switch turns on and off. Average current
which determines motor torque, is controlled by dt@ of on/off times. Smooth, stepless controlhaf
power delivered to the motor is achieved with alnmaspower loss in the control components.
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ELECTRICAL SPECIFICATIONS

f Electrical Specifications, 1204X/1205X

NOMINAL INPUT VOLTAGE
PWM OPERATING FREQUENCY

CONTROL INPUT LEVEL
KSl/forward/reverse
Emergency reverse

STANDBY CURRENT

STANDARD THROTTLE INPUT

12V, 24-36V, and 36-48V

15 kHz

from 8 V to 1.5 x maximum battery voltage

from undervoltage cutback level to 1.5 x max. battery voltage

less than 250 mA

0-5kQ +10% (others available)

NOMINAL

VOLTAGE

UNDER-

MAX TOTAL

BATTERY CURRENT 2MIN 5 MIN 1 HOUR DROP VOLTAGE F/IR+ 1A
MODEL VOLTAGE LIMIT RATING RATING RATING @ 100 AMPS ~ CUTBACK  CURRENT
NUMBER (volts) (amps) (amps) (amps) (amps) (volts) (volts) (amps)
1204X-12XX 12 275 275 200 125 0.35 9 2
-14XX 12 400* 300 210 135 0.25 9 2
-42XX 24-36 275 275 200 125 0.35 16 2
-44XX 24-36 400* 300 210 135 0.25 16 2
-52XX 36-48 275 275 200 125 0.35 21 1
1205X-14XX 12 400 400 275 175 0.25 9 2
-16XX 12 500* 425 285 185 0.20 9 2
-44XX 24-36 400 400 275 175 0.25 16 2
-46XX 24-36 500* 425 285 185 0.20 16 2
-53XX 36-48 350 350 250 150 0.35 21 1
* 30-second rating
- i
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CONTROL INPUT LEVEL
KSl/forward/reverse
Emergency reverse

STANDBY CURRENT

L CMOEYA Electrical Specifications, 1209/1221

NOMINAL INPUT VOLTAGE

PWM OPERATING FREQUENCY

STANDARD THROTTLE INPUT

24-36V, 36-48V, 48-72V, 48-80V, and 72-120V

15 kHz

from 8 V to 1.5 x maximum battery voltage
from undervoltage cutback level to 1.5 x max. battery voltage

less than 100 mA

0-5kQ +10% (others available)

%

NOMINAL

VOLTAGE

UNDER-

MAX TOTAL

BATTERY ~ CURRENT 2 MIN 5 MIN 1 HOUR DROP VOLTAGE ~ F/IR+1A
MODEL VOLTAGE LIMIT RATING RATING RATING @100 AMPS CUTBACK  CURRENT

NUMBER (volts) (amps) (amps) (amps) (amps) (volts) (volts) (amps)
1209 -46XX 24-36 500 500 350 225 0.15 16 2
-55XX 36-48 450 450 300 200 0.30 21 1
-64XX 48-72 400 400 275 175 0.30 32 1
-6A5XX 48-80 450 450 300 200 0.25 32 1
-72XX  72-120 275 275 175 100 0.70 48 1
1221 -48XX 24-36 600 600 425 250 0.10 16 2
-57XX 36-48 550 550 375 225 0.25 21 1
-66XX 48-72 500 500 350 200 0.25 32 1
-6A7XX 48-80 550 550 375 225 0.20 32 1
-7TAXX  72-120 400 400 250 150 0.50 48 1

2
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